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GEOLOGY AND HYDROLOGY OF THE CARLSBAD POTASH AREA,
EDDY AND LEA COUNTIES, NEW MEX1CO

By

Arnold L, Brokaw, C. L. Jones, M. E. Cocley, and W. M. Hays

ABSTRACT

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

Sedimentary rocks attain thicknesses of more than 20,000 feet and
range in age frowm Ordovician cto Quaternary, The area includes the
northern end of the Delavare basin and the largely buried Capitan Reef.
The basin contains as wuch as 13,000 feet of Permian strata. The
oldest exposed rocks are of Late Permisn age, but drilling has provided
much data on the buried older rocks, The principal structures are broad
gentls festures related to late Paleoroic sediaentation: the northern
Delavare bagin, & shelf north and west of the basin, and & central basin
platform to the east. Thess structures were tilted eastward befors
Pliocens time, have bean inactive since, and now show & general castward
dip of less than 2°.

The salt deposits are in the Lates Perwian Ochoan Series composed of
& thick salt-bearing evaporite lower part (Castile, Salado, and Rustler
Formations) and & thin ancn-~salt-bearing upper part (Dewey Redbeds).

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

The Salado Formation, the main salt-beariog unit of the potash
area, ranges in thickness from about 1,900 feet in the scuth to about
1,000 feet in the north. The formation is characterized by thick
persistent units of rock salt alternating with thinner units of anhydrite
and polyhalite, Thin seams of claystone underiie 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
units: & lower and an upper salt member, generally free of sylvite and
other potassium and magnesium evaperite 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 norcthern part. Some dolomite is present in the upper and lower

parts of the formation, and thin to thick uniis of sandstone and shale
are interbedded at long to short intervals.

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

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

The main water-ylelding units overlying the Salado Formation are
the basal solution breccis 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 st the common boundary between Ranges 30 and 31 E. The
formations above the Salado Formation seem to be connected hydrologically
and can be considered o single multiple aquifer system. Solution
activity and associated collapse, subsidence, and fracturing have
increased the overall peruweability of the rocks and the incerformational
movewent 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 dischargiag to
the Pecos River 1s not known, if has been estimated that 200 gallons
per minute enter the river from the basal solution breccia zone.



The potentiometric and water-table contours cutline 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 srea in
the vicinity of Laguna Plata, Another much smalier trough is east and
southeast of the Project Gnowme siie.

The Salado Formation has an intergranulsr porosity and
permeability that ranges from low to virtualiy ncne. Locally, fractures
&nd solution openings impart a spotty formational permeability. In
the potash mining area, the Salado Formation is dry except for water inm
the leached zone at the top of the formation and small pockets of water
or water and gas encountered occasionslly during mining.

The Cambrian to Permian sedimentary rocks underlying the Salade
Formation contain water of brine composition and are under high artesian
pressure. Thesa rocks are not exposed in the potash wining area but lie
deeply buried throughout much of southeastern New Mexico and western
Texas. In the potash mining area the elevations of che potentiometric
surfaces of different zones of these rocks range from a few feet to a
few huadred fest above or below the land surface.

INTRODUCT ION

The U.5. Geological Survey, on behalf of the Atomic Energy
Commission, has summarized the availlable geologic and hydrologic
information on the Carlsbad, M. Mex., potash area. The purpose of this
summary is to furnish the Atomic Energy Commission with data thst would
be useful to them in their evaluation of various geclogic formations
for the disposal of radicactive wastes. The project was started on
April 1, 1972, and completed on June 30, 1972.

In preparing this report we have drawn liberally on published
reports and on unpublished file data of the U.5. Geological Survey. We

have benefited from the full cooperation of R. 5. Fulton, Regicnal



Mining Supervisor, U.8. Geological Survey, Carlsbad, N. Mex., and

D. M. Van Sickle, Regional Geologist, U.S. Geological Survey, Roswell,
N. Mex. We had the pleasure of dlscussing the objectives of this proje
with Donald Baker, Director, New Mexico Bureau of Mines and Mineral
Resources, and with Fr;nk Kottlowski and Roy Foster, alsc of that
orgenization. Discussions and underground trips with William Scanley
of the U.S5. Potash Company, and Karl Ehlars of the Duval Company were

also very helpful in our work.

GEOGRAPHY
Locarjon and population

The potash mines of southeastern New Mexico are in eastern Eddy
County and westernmost Lea Counté. Most of the mines lie along a
north-trending line 15 miles east of the city of Carlsbad and
25-45 alles north of the Texas border (fig. l). Two wmines are 10 miles
farther east.

The area 1s sparsely populated. Populations given here are
estimates for Jan. 1, 1972 (Rand uchally and Co., 1972). Eddy County
has & population of 39,800 and Lea County 48,800, Other than Carlsbad
{20,500), the only cities of 1,000 or larger population within 50 wiles
of the mines are Hobbs (25,800}, Artesis (10,300), Lovington (8,900),
Eunice (2,600), Jal (2,600), and Loving (1,200}. Except for widely

scattered ranch sand farm houses, the only habitations within 20 ailes
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of the mines are in Carlsbad, Loving, and the swall communities of
Malaga, Gris, Loco Hills, and Maljamar. Fopulation 1s highly dependent
on the petroleun and potash industries, and any large increase other

than through possible expansion of these industries seems improbable,

Surface vater

The Pecos River, which rises in norcheastern New Mexico and
ultimately joins the Rio Grande at the Maxican border, is the only
through-going perennial stresm in this area. Here and farther south
the Pecos recelves almost all the surface discharge and at least the
greater part of the subsurface discharge from the area. Surface drainage
from most of the area L{s poor., The only significant continucusly
flowing tributary of cthe Pecos is Black River, south of Carlsbad. The
abundant small intermittent streams generally drain into depressions
produced by sand dunes or by solution subsidence where the water
evaporates or sinks into the subsurface., Of the intermittent streams,
the longest 1is in Monument Draw, which drains scuthward along the ecastern
edge of Lea County. It 48 raze for such generally dry channels to carry
continuous flows of water, as the runoff from thunder showers ordinarily
sinks into depressions in the floor.

The Pecos River, small reserveirs behind two dams between Carlsbad

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



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

Carlsbad are 15 milea or more from the nearest amine.

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

divisions: the eastern Guadalupe Mountains and lts foothills; the
High Plains; isolated arsas of low hills, principally south of Carisbad
and southwest of Eunice; and widespread pediments and alluvial plains,
north, east, and southeast of Carlsbad. Collapse features locally
modify the ropography throughout the regiom,

Guadalupe Mountains.--The Guadalupe Mountains form 8 woderately
dissected plateau, geuntly inclined to the northeast (Hayes, 1964).
South of Carlsbad the mountains ars bounded abruptly on the southeast
by the Reef Escarpment, the face of sn exhumed Permian reef that bordere:
the Delaware basin. This striking ;opngraphtc and stratigraphic
feature emerges from the subsurface near Carlsbad, It becomes steeper
and higher southwestward from Carlsbad and culminstes in Guadalupe Peak

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



;nrgin of the mountains 1s far less spectacular; the northeastern slc
there descends gradually to the pedimencs that flank the Pecos River,

High Plainyg.--The High Plains are a large resnant of the deposit
surface on top of the Pliocene Ogailala Formation, The surface of tt
plains is remacrkably even and slopes east-southeast about 15 feet per
mile. It is underlain by a thick layer of caiiche, which is mantled
in places by thin soil. West of Hobbs and Lovington, the plains are
sharply bounded by a southwest-facing erosional scarp, 100-300 feet
high, known as Mescalero Ridge. South of Hobbs, the boundary is omly
vaguely defined (Nicholson and Clebsch, 1961).

Low hills.--The Gypsuw Hills, & group of low rounded hilis erode
from gypsiferous Permisn rocks, occupy much of the area between the F
River and the Reef Escarpment, 20 miles south of Carlsbad. Farther
vorth, small hills locally project above the piedwont surfaces flanki
the escarpment. In Lea County, two low ridges, north and west of San
Simon Sink may preserve outlying reanants of the High Plsins surface
(uichollan and Clebsch, 1961).

Pediments and alluvial plains.--Over most of the area shown on
figure 1, the ground surface has low relief and slopes gently
(20~40 feet per mile) away from the borders of the Guadalupe Mountaini
and the High Plains toward the Pecos River or locally toward Black Riy

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



the Pecos River and south and west of the High Plaing, the ares near
Arteaia from the river west to the foothills of the Guadalupe Mountsins,
and the area south of Carlsbad batween the Pecos River, the Gypsum
Hills, and the Reaf Escarpment. .

The bagic form of alwmost all the ground surface of the region ia
erosional and consists of Plefstocene pediments and partisl pediments
that have besn wmodified to varying degrees. HNHearly all the Purfaca
esst of the Pecos River, including the vicinity of the potash mines,
is a pediment or group of coslesced pediments of probable early
Pleistocens age (Morgan and Sayre, 1942, p. 35). This surface was
modified during and sincs its formation by solution-collapse features,
It has been dissected locally by streams, snd lsrge parts of {t sxe
mantled by shifting or scabilized sand dunes.

Along the Pacos live; and west of the river, the surface is younger
than that to the sast and consists of a complex of three terraces that
commonly rise like broad low steps from the river to the foothills or
to the escarpmsnt of the Guadalupe Mountafins (Fiedler and Nye, 1932,
p. 10~12), The upper iwo terraces are interpreted as remnants of
Pleistocene padiments (Horberg, 1949, p. 472; Morgan and Sayre, 1941,
P. 35), vhereas the lowest and youngest terrace was produced by
aoderate entrepchment of the river and its wmajor tributaries iato

narrow digcontinuous alluvial plainas,



Collapse features.--Collapse features produced by subsurface
solutlon are varyingly common throughout the region. They are most
abundant east of the Pecos River in parts of the widespread old
pediment. Solution occurs vhere unsaturated circulating ground water
passes through or lloﬁg the contacts of layers of salt, gypsum,
anhydrite, or, to less extent, carbonate rock. These scluble 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 saall sinks to depressions
wany wiles long., Indeed, the present course of the Pecos River was
probably determined by a train of coalesced Pleistocene sinks captured
by a hesadward-working tributary of the Rio Grande (Morgan and Sayre,
1942, p. 37). Other conspicuous expressions of ground-water solution
include the subsidence of the floor beneath the alluvium of the
Roswell-Artesia basin to as much as 140 feet below the bedrock outlet of
the basin south of Artesia (Morgan and Sayre, 1942, p. 37), the several
abrupt changes in flow in the Pecos River within 20 miles north of
Carlesbad (Morgan and Sayre, 1942, p. 37), Nash Draw and Clayton Baain
clome 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 ie semiarid. The average
annual precipitation ranges from about 12 to 13 inches near the Pecos
River and Jal to almost 16 inches at Hobbs. In the Guadslupe
Mountains, precipitarion rises ro about 22 inches nedr the sumait,
Most precipitation is from local thundershowecs that occur from
June to October, The variation in the yearly total is large.

The relative humidity in the reglon is low. Winters are mild
with 1ittle snow, end summers areé wars. The average July température
near Carlsbad is a little over 80° F. Windstorms, madnly iu the

spring of the yesar, may ba severs.

Industry

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

Production values of crude petroleum, natural gas, natural-gas
liquids, and natursl gasoline totsled $72.4 million in 1967 in Eddy

County. Of this, $54.8 willion was crude petroleum. In Lea County,

11



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

The production is gradually increasing. Exploration is active and
is particularly spurred by increasing demand for natura) gas. Sanger
and Saultz (1971, p. 1039), in discussing exploration in 1970 in the
district of Wegt Texas and eastern Mew Mexico, stated that the
Delavare basia, ",,.still in the early stages of its exploratory
history, continued to be very active and to have the greatest potential...
Deep gas reserves from Devonilan through Ordovicisn (Ellenburger)
continue to be of prime consideration."

The potash mines east of Carlasbad are the principal scurce of
potagh available ;1thln the United States and constitute all of the
production in New Mexico. The total value of potash produced sfnce
1932 1is $1.75 billion. In 1966, the value was well over $100 million
(Stotil-ny-r, 1969). Since then, foreign competition has grearly
reduced production, and some mines are closed. Decline in the induatry
resulted im reduction in the population of Carlsbad from 25,500 in 1960
to an estimated 20,500 in 1972 (Rand McNally and Co., 1972). Large
reserves of potash vemain, and the future of the indusiry seems to
depend on demand, which 1s influenced greatly by the extent of foreign

compecition,
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Agriculture over most of this dry region consists solely of the
grazing of cattle and sheep. Irrigated farms concentruted slong the
Pecos River near Artesia and south of Carlsbad account for & large
part of the total larlcultﬁtll income. There is dry farming on the
High Plains.

Tourist dollars are an lnpaftant part of the local economy.
Carlsbad Caverns, Whité Sands, and other nearby natural features draw

many thousands to the area each year.

ACCGI!

The vicinity of the potash mines is readily accessible by highway,
raflroad frefight, and scheduled afr service. The mines are served by
hard-sur face State or federal highways 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 aines,
connecting via Carlabad with the main line at Clovis, N. Mex., about
180 miles to the northeast. Carlsbad has scheduled air service to
El Paso, Albuquerque, and Dallas-Ft, Worth via Texas International

Airlines.

STRAT [GRAPRY
The potash mines fn southeagtern New Mexico (fig. 1) are in an

aArea of great stratigraphic significance. Sedimentary deposits ranging

13



in age from Ordovician to Quaternary accain total thicknesses exceeding
20,000 feet, The area includes the northern end of the Delaware basin,

& Late Peruian depositional trough with Pennsylvanian and earlfer Permian
antecedents. The edge of the basin is commonly defined as the front of
the largely buried Capitan Reef. Az much as 13,000 feet of Permian
strata was deposired within the area of the basin, which constitutes the
most complete succession of the Permian in North America. The oldest
rocks exposed in the area are of Late Fermian age, but drilling has
provided sbundant inforwation on still older rocks.

The text that follows 1is largely limited to brief discussiocns of
sedimwentary environments, gross thicknesses, relations between
stracigraphic units, and occurrences of petroleum. Lithologic descriptiom
and thicknesses of individual units are shown on the accompanying

{llustrations.

Precagbrian basement

The depth of the Precambrian basement ranges from as little as
7.000-8,000 feet below the surface in the northwestern corner of the
area and casternmost Lea County to more than 20,000 feet in southernmost
Lea County. Drill data from scattered localities indicate that the
basement consilsts of granitic, metasedimentary, wetavolcanic, and
volcanic rocks (Flawn, 1954 and 1956, p, 25-29; Hayes, 1964, p. 5;

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

14



generally overlain by Ordovician strata that lapped northwestward
onto & positive area in morthern New Mexico and Colorado, Locally,
near the eastern boundary of Lea County, late Paleoczolc uplift
cauged ercsion of all glder Paleozolc rocks, and Permian strata lie

directly on basement.

Pre-Permian Paleczoic deposition

From Ordovician through Peansylvanisn tiue, uarinf sediments
accusulated slowly but fairly coatinuvcusly in the southeastern corner
of New Hexico. Deposition was in and marginal to broad, nearly flat,
subsiding basins that were northern arms of the Ouachita trough, This
trough passed through Oklshosa and central and trans-FPecos Texas and
connected with open sea in the vicinity of the present gulf coast or
the coast of southern California, 1In Early Pennsylvanian time, the
inicial rise of a median ridge that was to be known as the central basin
placform of Permian time (fig. 1) divided an earlier very wide basin
into the ancestral Delaware basin and cthe Midland basin farther east,
The various Paleozoic basins were sreas of especially active subsidence
whose surfaces were generally lower than those on the more stable
shelves, platforms, or arches bounding them. Total deposition was
thickest ia the central part of the Delaware basin where subsidence was
gTeatest, but the deposits of sowe time intervals, notably the

Pennaylvanian Period, were thickest on the margins.
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The total thickness of the pre-Permian sedimentary rocks 1s
5,000-5,500 feet in the lomediate vicinity of the potash mines. The
rocks thicken southeastward to wmore 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 are predominantly
shale and carbonates (fig. 2). Rocks of Mississippian and
Pennsylvanian age are dominantly shale in the central parts of the basins
of deposition and carbonates along the edges. HMiddle Ordovician sand
Lower Pennsylvanian sandstones a few hundred feet thick occur in the
vicinity of the potash wmines and the Gnome site.

Rocks of Ordovician, Silurian-Devonian, and Pennsylvanian age
form {mportant petroleum reservoirs beneath the central basin plazform
and the northwest shelf (fig. 1). Production from rocks of these ages
in the northern Delaware basin is widely acattered and interest is

increasing in deep exploratory drilling there.

Permian deposition

Wol fcampian, Leonardian, and Guadalupian Series.--Over a large area

in the general vicinity of Carlsbad, the total thickness of the
Wolfcampian, Leonardian, and Guadalupian Series 1is 8,000-9,000 feet.
The section thins gradually northward from the mines. The rocks are

noted for remarkably cowplex lateral changes in facies.
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The subsidence that defined the ancestral Delaware basin in
Pennsylvanian time accelerated in Early Permian Holfca‘ptnn time and
continued at a high rate through Guadaluplan time, During much of
this interval, the basin extended ® few tens of miles northwest of
the late Guadalupian limits defined by the Capitan reef of thar age.
The subsiding basin was covered to varying depths by marine vater and
received deposits of shale, fine-grained sandstone, and dark-colored
limestone, The rock columm for this interval (fig. 2} is representative
of the type of deposition in the northern part of the basin. Light-colored
shallow-water carbonates generally bounded the basin on the shelves :to
the west and novth, and the platform to the east., Reefs or banks of
less cohesive skeletsal materisl vary commonly composed the basiaward
edges of thess carbopates (fig. 3), and submarine talus formed steep
tlopes descending to the floor of the basin. As the reefs grew upward,
some #lso grew basinwerd, overriding their talus.

Close behind the reefs and banks, the contemporaneous shelf rocks
{iig. 3) consist of bedded dolomite, subordinate amounts of liuoitonc,
shala, and sandstone, and locally & liccle anhydrite. The gradational
contact between shelf and reef facies, like chat between reef and basin
facies, commonly transects bedding as it rises in the section
tasinvard. Farther back of the reefs, the dolomite of the upper-plrt of
the Guadaluplan Series (the Artesis Group) and, to much less extent,
that of the lower Guadalupian and Leonardian Series tends to give way

incressingly to amhydrite, formed in shallow evaporative lagoons.
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The reefs bounding the northern edge of the Delaware basin
.ptogreaaed from & position north of the present potash mines, in
Leonardian and early Guadalupian time, to & position within the ainin
area in late Guadalupian time (fig. 3). Elsevheére on the margins of
the basin there was & similar basipward progression, At the end of
Guadalupian time, the Capitan Reef almogt completely encircled the
basin, restricting aocuthern access tn.the sea and setcing the stage
for basinal evaporite deposition.

The nerthwes: shelf, north of the Delaware basin, and the centra
basin platform, east of the basin, have been important producers of
petroleuns from Peraian rocks. Extensive pools in sandstone and
carbonates of the Arcesia Croup and the San Andres Formsation are
concentrated in @ balt immediately above and behind the buriaed Capit
Reef, but there has been significant production from almost all part:
of the Wolfcampian, Leonardian, and Guadalupian section in various a
on the shelf and plarforw. Established pools within the northern
Delaware basin are more scattered and are principally in sandstones
the Delavare Mountaln Group.

Ochoan Seriles.-~-The floor of the Delaware basin ia early Ochoar

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

hundreds of feet of Castile Formation evaporites accumulated in the
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basin, spparently little accumulated in the reef and back-reef areas.
Probably rather late in Castile time, the basin was filled to the extent
that a thin tongue of anhydrite extended locally #cross the bounding
reef and onto the shelf. The uppermost part of the Castile
intertongues reefward into basal halite of the Salsdo 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 the Delawars 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 extendad wast of the basin is unknown. The Salade
sea was, in general even more saline than the gsea of Castile time.
Lacking a shield of carbonate reafs, it received, however, considerable
fine clastic sediment. Its halite deposits are generally less purs
than thosas of the Castile,

After widespread depolltléh of the Salado salt, the sea water
freshened somewhar, and anhydrite again dominated deposition during
Rustler time (table 1). The Ruscler Pormation ia very largely
coextenafve with the Salado in this area. In the subsurface of the
northern Delaware basio and of the shelf to the north, the Rustler
&ppears to be conformable to the Salado (Jones, 1954, p, 110; 1960,

P. 12), from which it is commonly separated by a layer of sclution

breccis, discussed iater in this report.
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Systenm Series Formation Thickness Description Varistions in
{feet) thickness and
distribution
Light-browm to pale- | Dune sand, &s such as
reddiah~browm par- 60 feet thick, dis-
tially stabilized continuously cover-
Holocene Dune sand, 0-300 fine- to medium- ing wuch of area be-
&lluvvium, EEY grained dume sand. tveen Pecos River and
playa Alluvial sand, silt, High Plains, Thick
deposits, and gravel. Plays altuvivm limited to
and deposits of mainly vicinity of rivers.
travertine reworked alluvium
and dune sand,
Travertine as
spring deposits,
Unconformit yom
Quaternary Hainly reddish-crange | Disconrinuous and high-
or pale~red very ly varisble in thick-
fine to medium- ness Over large area
grained sand and soutbwest of MNigh
silt. Locally some Plains and msinly
gravel and clay and, aast of Pecos River,
Fleisto- Gatuna 0=300 uncommonly, gypsum in Eddy County and
cene(7?) and freshewvater probably Laa County.
limestone. BRedding Mostly less than
comaonly obscure 100 feet thick.
and discontinuous.
Mostly cappsd by
caliche. local
L j high permeabilicy.

Uncon formity
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Tahle ].--Generalized se

stjon of rocks and sed

sge in the northern Delaware basin and on its aortherc and eastern wargins--Continued

Systen

beries

Formation

Thickness
(faer)

Description

Variaticns in
thickness and
discribution

Tertiary

Pliocene

Ogsllala

0-300

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

Underlies High Plains
and much of Lea County
farther south. Pro-
bably absent from Eddy
Couanty except for
northeast corner.

Triassic

Upper
Triassic

Chinle(?)

0-1,200

Unconformity

Reddish-brown and
greenish-gray clay-
stone and subor-
dinaste amounts of
reddish-brown silt~
stope and fine-
grained sandstome,
Some secondary
gypsum., Low per-
weability.

Thickest in sastern
Lea County; erosion=
ally thinned west-
ward to wedge out
near esastern edge of
Eddy County.




Table l.~~Generalized gection of rocks and sediments of latest Permian (post-Salado) snd younger
age {r the northern Delsawsare basin and om its northern and eastern margins--Continued

Description

Variations in
thickness and
distribution

Mainly pale-reddish-
brown, pale-red
and gray fine- to
sedium-grained
commonly cross~
stratified sand-
stone. Lenses of
pebble conglomer-
ate, Local thin
layers of reddish-
brovn siltstone
and claystone,
Bigh local permea-
bility.

System Series Formation Thickness
(feet)
Triassic Upper Sants Rosa 0-300
Triassic
Permian Ochoan Devey Lake 0-400
Redbeds

Absent near and west
of Pecos River and
locally farther east.

Unconformity

Reddish-orange to
readdish-brown fine-
grained sandstone,
siltstone, and
shale., Sandstone
aad siltstome are
commonly clayey.
Thin lamination
and ssall-scale
cross laminstiom
common. Permas-
bility generally
low,

Mainly 200-300 feet
thick in vicinity of
Gnome site and pot-
ash aines; locally
absent. Thins gre-
dually northward,
Absent west of Pecos
River,
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Table 1.--Censralized
‘ age ip the northern Delaware basin and on

section of rocks and sediments of latest Permian (post-Salado) ard yougger
wa

s northern and _easte

s==Cont inued

Systea

Series

Formation

Thickness
(fest)

Description

Variations in
thiciness and
distribution

Permian

Ochoan

Rustler

. 0-500

Mostly 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
bassl ssndstone,
and several thinner
layers of fine
clastics are wide-
spread, Main
aquifer in Carlsbad
arsa,

Thins very gradually

northward, Thick-
ness ranges from
200 to 500 feet (n
vicinity of Gnome
site and mines due
to variable sub-
sur face sclution,
which increases
wastward,




The Bustler represents the last Perwmian saline ses and the upper
layer of & remarkable sequence of predomiacantly evaporlte rock of Gchoan
age. The entire sequence is as much as 3,500 feet thick In the northera
pact of che basin. The thickness drops rapldly to sbout 1,500 feet on
the shelf near the northern potash mines and decreases more gradually
farther worth.

.Aiter the sea wvithdrew, the Deway Lake Redbeds were deposited on
broad mudflats over the former sea bad. The appearance of medium-scale
cross lamination in sandy lenses in the upper part of the formacion
probably indicates a gradual change to fluvial conditions (Vine, 1963,
p. 21) as the fiual eplsode in the long complex history of the Perwmian
deposition. ‘

Except for dolomite and sandstone layers in the Rustler Formatiom,
the Ochosn Series geaecally has Very low permesbility. The litcle ail
produced from lower Uchoan evaporites apparently escaped from

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

Triageic sand Cretacegus depositjon

Fluvial depositfion resumed in Late Triassic tiwe, when Che Sants
Rosa Sandstone and the Einer grained redbeds of the Chinle(7) Formatis
formed on flood plains in a very large area over and beyond the
borders of the Delaware basin. The Jurassic Period is not represented
by deposition in this region and was & time of srosionai removal of

Triassic rocks west of the basin.



Late in Early Cretacecus time, a shallow sea advanced from the
south and covered southeastern New Mexico. It soonlwtthdrew 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 Les County, in the western Gypsum
Mills, and perhaps on the crest of the Reef Escarpment (Hayes, 1964,

p. 38).

Te a uaternary deposition

No early or middls Tertiary deposits are known to be present in
the region, Cretsceous deposition wag followed by broad uplift in
the vicinity of the Guadalupe Mouantains and farther north and by
erosion of Cretaceous and Triassic rocks to form a surface of low
relief sloping gantly east and southeast. In Pliocens time, this
surface extandad from near or within the present Guadalupe Mountain
area and frow the uplands north of that area southesstward into Texas,
It vas mantlad 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 County, but gravels in the Pecos valley and on high parts of the
Gusdalupe Mountains have been Interpreted as belonging to this
formation (Bretz and Horberg, 1949).

Host authors balieve that the Pecos valley was formed in

Guaternary time, after Ogallala deposition. Bolution subsidence, the
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coalescing of solution depressions by surface ercsion and further
solution, and headward erosion by the Pecos Kiver and {ts tributaries
contributed to the formation of the valley, After much srosion, a
periocd of lggradatlon‘ln the valley wantled the slopes and filled
depressions with the Gatuna Formation, whose sediment is largely of
local origin. Reaewed downcutting by streams and subsurface solucion
and resultant subsidence have continued to the present and have

besan accompanied by iatermittent local sccumulations of pediment and

terrace alluvium and plays deposits,

STRUCTURE
General features

The rocks in the general vicinity of the potash aines (fig. 1)
are for the most parc little deformed, and they have besn tectonicaily
stable since Tertiary time. The principal structural unics sre broad
fescures related co lace Paleozoic sedimentacion: the norcheran
Delaware basin, the shelf north and west of the basin, and the central
basin platform to the east (fig. 1}, The small part of the Guadalupe
Mountaing lacluded in the area, though topographfically high, is
structurally part of the shelf. The @z jor structures were tilted
gently eastward mainly during pre-Pliocene time, The tilt produced

s general eastward dip of no more-than 2° (figs,. 4 .4nd.j3).



FIGURE 4 -- DISTRIBUTION AND STRUCTURE OF PRE-QUATERNARY ROCKS, CARL SBAD POTASM AREA.



Delaware basin
) The Delaware basin was first defined in Esrly Peansylvenisn time,
when an ¢srlier very broad basin was divided by iniltial uplift of
large median ridge that became the central basin platform of Permian
time. The basin subsi&ed relative to the bounding plarfora and
shelf until lLate Permian time, when fte history as an active structur:
feature ended.

The form of the northern part of the basin, as defined by
contours on the surface of the Frecambrian floor (Foster and Stipp,
1961), is & broad ssysmecrical trough, trending worch and plungiog
south. The axis is in central Lea County, roughly parallel to the
centra) basin plarform. The eastern slope of the trough risea rapidl
to the platform, whereas the western slope is much gentler.

As in any gradually subsiding basin, the older sediments are
dowawarped {n & form like that of the basement floor, and the warpin
dies out upward in the basin section (fig. 4A). The Late Permian
CGchosa rocks and the Triagsic rocks exposed in the basin today do nai
rveflect basinvide warping, and their major structural feature is the
regional eastvard slope mentioned above. This slope is 75-100 feer
per mile in proximity to the Goome site and the southern potash wine

DMeruption of the regional slope of the Ochoan and younger rock

is ainor, The viciaity of the Gnome site and the southern mines is
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apparently representative in its scattering of open folds, dowes, and
small faults, which may be, in part, of tectonic origin. Deep-seated
faults with more than 20 feat of vertical displacement are rare if
not absent thers (Jones, 1960, p. 16). Near the western edge of the
basin and the preseant upper course of the Black River, Cenozoic
tectonism may be involved in & 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 minmor
high-angle faults cutting the Castile Formation in the same part of
the basin and two inferred faults at the northwestern edge of the
basin (Kelley, 1971, p. 48-51) are wmost probably products of solution
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 larger depressions, In addition, small surficial
domes that are attributed to differential solution of salt or to
expansion of anhydrite during hydration are aumerous (Vine, 1960).
The generally simple surface structure of the basin 1s doubtless
somevhat deceptive. 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 during
Misstasippian to Early Permian time (Hayes, 1964, p. 42). Pennsylvanian

deformation, for which there is widespread evidence in eastern Hew
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Mexico and western Texas, may be represented elsewhere in the subsurfac
and rapid Early Permian subsidence of the basin was accompanted by

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

Northwest shelf

The regional structural slope in that part of the shelf north
and west of the Delavare basin (fig. 1) is as much s 200 feet
per mila in the Guadalupe Mountains and generally no more than
100G feet farther east. In the vicinity of the northera potash aines,
this slope is interrupted locally by minor dowes, folds, monoclinal
flexurea, and faults similar to structural features deacribed near
the southern wines. A difference here {a that some of the domes are
probably of depositional origin, resulting from irregularities in
Guadalupian carbonate deposition (Motts, 1972)., HNowhere, here or
near the southern mines, are there.“strang or well-defined zones of
folding or faulting representing response to compressive or tensional
forces' (Jones and Madsen, 1968, p. 9).

Beyond the vicinity of the mines, the shelf north of the basin
includes a few wore strongly expressed structural features.
Several miles porthwest of Artesia, a buried northeast-trending fault,
offsetting Upper Permisn rocks along a 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

Carbonifercus or eariier time aud way have bean basicaily right
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lateral (Kelley, 1971, p. 44-48). Another buried member of this set
wdy pass lomediately southeast of Lake McMillan (Roéwell Geological
Society, 1968, fig. 9). A long low east-irending arch in Late Permian
rocks the Artesfa-Vacuum arch, passes & little south of Artesis. It
is at least largely the product of differential compaction over the
Abo Reef of Early Permian age.

In the part of the Guadalupe Mountaing included {n the aresa
discussed, wmonociines and folds are the prominent structures. A
buried broad fold or arch of Lecnardian and early Guadaiupian age
trends northeast & litcle behind the present Recf Escerpment (Hayas,
1964, p. 42-43). It apparently concrolled the location of growth
of the Goat Seep snd Capitesn Reefs, Much later, probably during
Tertiacy time, monoclinel flexing contributed to the basinward dips
in the Late Pernian rocks of the escarpment. Other folds, on the
ridge above the sscarpment and alsc about 12 atles west of Carlsbad,
are of esrly Tertiary or perheps oldev age.

Other cthan minor surficisl deformacion related to solution and
bydration of evaporices, the entire shelf in this srea appears to have

been stable in Quaternary time.

Central basin platform

The centrsl basin platform, whose western eadge 1s 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 Fennsylvanian time, the area
was deformed to an elevated emergent fold belt, trending north-northwest.
The belt may have besn bounded by high-angle fauits and may have a
horst structure (Adams, 1965, p. 2143), After submergence and
deposition in Middle nnd.plr: of Late Pennsylvanian time, 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 Fermian time, the plarform has

been structurally stable.

GEOLOGY OF SALT DEPOS1TS--OCHOAN SERIES

All the salt deposits i{n the Carlsbad potash ares are in the
Ochoan Series of Late Parmian age. The Ochoan cﬁnstotl entirely of
sedimentary rocks, but it has two distinct parts--a thick lower secticn
of salt~bearing evaporites and a thin upper section of red beds, The
lower section includes, in apcending order, the Castiie, Salado, and
Rustler Formations, whereas the upper section consists entirely of
the Devey Lake Redbeds. The Castile Formation is confined to the
Delavare basin in the southern half of the potash area and is known
ouly im the subsurface (fig. 4A). The three younger forwations fors

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 knoun from the
count less boreholes drilled in exploration for potassium salts and
petroieum,

Exposures of Ochoan evaporites in the potash ares are exceedingly
poor for stratigraphic studies or any other investigations requiring
precise knowledge of the composition, sedimentary structures, or
thickaesa of the thres evaporite formations. This 1s true because of
the considerable lithic and structural changes that have nccoqblnled
extensive evaporite solution and removal by meteoric waters. Solution
of halite and other readily solubie galts has been complete to depths
of several hundred feet, and all anhydrite and other soluble calcium
salts have been westhersd to gypsum. The removal of soluble salts
has rasulted in a great reduction of formation thicknesses and in
auch subsidence and accowpanying brecciacion of all residual gypsum
and overlying deposits. Consequentiy, the eutire area of evaporite
outcrop is in reality a "regolith" liberaily dented and creased by

numerous sinks, fissures, and linear solution valleys.

Cagtjle Pormation

The lower part of the Ochoan Series is represented io the Carlsbad

potash area by the Castile Formation. The Castile was named and



defined by Richardson (1904, p. 43) to include Beveral 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. Somawhat later, the interval represented by gypsum at the
surface was found by drilling to consist of & much larger sequence of
evaporites in the subsurface, including mostly anhydrite in the lower
parts of the evaporite sequence and mostly rock salt in the upper
part. For & time the two parts of the svaporite saquance were classed
as lower and upper members of the Castile, but they were considered
to be separate formations. Finally, Lsng (1935) restricted the name
Castile to the lower part of the sequence and applied the name Salado
to the upper part, Reglonally, the criterion most commonly used to
differentiate one formation from the other is tha predominance of
anhydrite in the Castile and the predominance of halite in the Salado.
The Castile Formation underlies the southern half of the potash
area st depths ranging from about 500 feet in the west to alwost
3,200 feet in the east. The nearest outcrops ¢f the formation are in
the Gypsum Hiils in southern Eddy County, N. Hex,, about 16 miles
southwest of the potash area. In that area the Castile consists of
interlaminated white gypsum and dark-brownish-gray limestone and
some laminated brownish-gray limestone and a little brown dolomite,
Near the center of the Gypsuwm Hills the formation dips beneath the

Salado Formation and gypsum glves way to anhydrite in the subsurface.
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In the subsurface of the Carlsbad potash area, the Castile
Formation i{s readily divisible into three informal members. The
tripartite subdivision inciudes a lower and an upper snhydrite member
separated by a thick salt mesber (fig. 4A). The three members are
distinctive, are conformable, and constitute laterally persistent
rock units in the potash ares and over wide sections of the Delaware
basin, Mear the margic of the basin, however, the three wembers
merge into & single wadgelike mass of anhydrite that rapidly thins
to & narrow tongue and extends across the basin margin for a few miles
before thinning out in the southern part of the northwest shelf.

The iowsr anhydrite mamber of the Castile Formation gradarionally
overlies the Bell Canyon Forsation lo the Delaware basin, but
overlaps the Capitan Limestone along the margin of the basin. Within
the area of overlap, the lower weaber of the Castile is presumed to
die out abruptly, in part by pinchout against the Capitan Limestone and
in part by lateral gradatfion into laminated limestone that grades in
turn intc massive limestone of the Capitan. The member ranges in
thickness from 210 to 230 feet in the southern parts of the potash
ares, but thickens northward and actains thicknesses of 320-380 feet
a short distance from the overlap of the Capitan Limestone. The
predominant rock in the member is interlaminsted gray anhydrite and
brownish-gray limestone. A few beds of dark-gray &nd brownish-gray
limastone, a few inches to several feet thick, are persistent in the
lower and middle parts of the member; some are practically of basinwide

extant.
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The aiddle member of the Castile Formation is & ealc-rich lentil
that forms a widespread, lithclogically distinct stratigraphic marker.
The member is 350-700 feet thick in the southern part of the Carlsbad
potash area, but thickens northward and sttains thicknesses of
800~1,000 feet along a broad 2- to 3I-mile-wide balr that parallels th
margin of the Delaware basin. MNorth of this bslt, the member
terminates, in inrt by latersl gradation to anhydrite and in part
by intertonguing with anhydrite (fig. 4A). The member is predominant
rock salt, but it containe thin to thick layers of ianterlaainated
aphydrite-limestone rock. The thickest of these laysrs averages abou
100 feet, and it divides the member into two almost equally thick
salt beds. The lover of the two beds is free of interlaminated
aghydrite-limestone iayers, whereas the upper bed includes sevaral of
these layers, sowe of which are 2-5 feet thick.

The upper member of the Castile Formation is an anhydrite-rich
uait that exhibits the wost lithologic complexity. It consists main]
of interlaminated anhydrite-iimestons; but massive anhydrite and roci
salt are present in appre: lable amounts and there are lesser amouats
of dolomite and magnesite. The member includes & northward-thinning
tongue of magnesftic anhydrite that overlaps the Capitan Limestone
along the margin of the Delaware basin and extends & few miles into

the northwest shelf (fig. 4A). The main body of the member is
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700-800 feet thick in the southern part of the potash area, bot thins
northuward and i{s as little as 150-300 feet thick in the areas near
the margin of the Delavare basin where the underlying salt wember is
thickest,

The Castile Formation is overlain by the Salado Formarion. The
contact between the two formations has been considered to be an
angular unconformity (Adams, 1944, p. 1608). Contrary to this
interpretation, subsurface studies in the Carlsbad potash ares and
elsewhere in the Delaware basin show that the upper beds of the Cagtile
grade lateralily into, and intertongue with, the lower beds of the
Salado. In this transitional sequence, the Castile intertongues with
successively older rocks of the Salado, causing & gradual stratigraphic
descent in the top of the Castile, which is responsible for the decreass
in the thickneas of tha upper member of the Castile from sbout 800 feet
in the southern part of the potash sarea to about 150 feet and leas in

the central part of the area and then to D in the northern part,

$alado Formation

Considerable economic significance is attached to the Salado
Formation because it contains the potash deposits for which the
Carlsbad area is well known among geclogists. The deposits are the
dominant source of the potassium salts mined in the United States,

and their wide extent suggests that they will maintain this ranking
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for years to come. Deposits containing sylvite (KCl)--the main
potassivm mineral of economic importance--have been mined at
11 localities {fig. 1), but they underlie practically the entire
eaptern half of the potash area and extend eastward beneath much of
southweatern Lea County,lﬂ. Mex, (fig. 6). The Salado also contains
many deposita rich in polyhalite [KZClzug(SOa)ﬁ-ZHZD] that are
extensive and widely distributed but lack the economic importance
of the aylvitic deposits. The polyhalitic and sylvitic deposits are
fairly important elements in the stratigraphy of the s-l‘do Formation,
and a special section of this report (appendix A) lull!tllllIOOIc
details of their distributicn and geology.

The Salado Formation, named by Lang (1935), is the oldast
unit in the Ochosn Series that crops out in the Carlsbad potash area,
The main exposures of the formation are near Lake Avalon, north of
Carlabad, N, Mex. Here the Salado overlies the Tanalll formation
and uynderlies the Rustler Formation, but the stratigraphic relations
capnot be determined posictively from sxamination of the outcrop.
The Salado appsars to overlie the Tansill Foruation conformably and
to grade upward into the Rustler Formation. The lower part of the
Salado grades laterally southward into the upper part of the Cascile

Formation. The gradational contact between the Salado and the
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Castile rises in stracigraphic position from north to south and is
depiceed nchenlttcnliy on the geologic structure sections {flg. &A)

East of the cutcrop, the Salado Formation underlies the centrs
part of the potash area at depths of 250-700 feet, In general, th
depth to the Salado 1nc¥easel with distance from the outcrop, snd
it s a8 auch as 1,600 feet at the northeast corner of the area an
about 1,000 feet at the southeast corner,

The Salado Formation is characterizad by thick persistent uni
of rock salt alternating with thinner units of anhydrite and
polyhalite (fig. 7). Thin seams of claystone underlis virtually
all the anhydrite and polyhalite unita, and there are a few thin
beds of ssndatone and siltstone at long intervals. All the anhyd
units and beds of clastic rocks are distinctive wmewbers that serv
as stratigraphic warker beds; two are formally named rock units,
The widespread Cowden Anhydrite Member, named for the North Cowde
ollfield in Ector County, Tex, (Glesey amnd Fulk, 1941), lies
90-200 feet above the Castile Formation. The Vaca Triste Sandst«
of Adame (1944) near the middle of the Salado Formation is &
quartz- and clay-rick unit of fragmental rocks contrasting sharp.
with adjacent heds of crystallime svaporite rvocks.

In exposures of the Salado Formation along the west side of

Carlsbad potash srea, all the salt hes been removed by solution 4
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the anhydrite and polyhalite have been altered to gypsum. The
alteration of the evaporite rocks extends to depthe ranging from
260 feet to slwost 1,600 feet below the surface and 1s responsible
for a fourfold to sixfold reduction in the thickness of that part of
the Salado and for a change in composition from dominantly rock salt
ia the subsurface to dominantly gypsuva in the outcrop, The contact
between the two highly dissimilar parts of the formation, known
locally as the "base of leached zone" and alsc as the "top of salc,*
is highly irregular, with miny closed depressions and isolated
pinnacles (fig. 8). The contact dips generally eastward but rises in
stracigraphic position from the base of the Sslado near the west
side of the potash srea to the top of the formation near the
Eddy-Lea County line at the east side of the area. The altitude of
the contact ranges from & high of slightly wmore than 3,200 feet near
the northwest corner of the area to a low of slightly less than
1,500 feet at the south edge of the area.

The saxiaus thickaess of the Salado Formation in the potash
area is slightly wore than 2,000 feet in a norihwestward-trending
tone that parallels the margin of the Delaware basin 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

43



T

ST T
!

e

- e it i G ratias | rbwens Py ok §cpedat el
Blni o mmmiin, Al waber Lae ared gttt £t 1m R

e iring Iie Badwks Fot Mt

‘*_s»l







reduction is part of a broad pattern of regional change in thickness
at or near the south edge of the northwest shelf areas, vwhereas che
westward reduction is related largely, 1if not entirely, to evaporite
solution and removal by meteoric waters, Within the shelf areas,
local rveductions in thickness are sharp over pre-Salado knoils

. or "highs" et the Getty, Berber, Halfway, sad other small cilflelds
which appear ap donal fesatures on the structure wap of southeastern
New Mexico published by Stipp and Haigler (1956).

The Salado Formation is divided into three informal units: a
lower salt wember, a potash-rich member, known locally as the
McNutt potash zone, and an upper ?clt member (flg. 7}. The three
members are conformable, are laterally persisrent rock units, aad
are about equally rich in rock salt, anhydrite, polyhalite, magnesit:
and clastic rocks. In fact, they are generally similsr in virtuslly
all but one regpect, The lower and upper members are almost entirel
free of ayivite and other potassium snd most magnesium evaporite
minerals over much of the Carisbad potash ares, whereas the Mchutt
zone {8 generally rich in these minerals over much of the area and
contains several extensive sylvite-bearing potash deposits of econo
importance. These deposits are the obvioua lithologic feature that
sets the McHutt potash rone apart from the lower and upper members

af the Salado and makes it a fairly natursl stretigraphic unit, Th
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depoglts are restricted to a few small groups of mineralized salt
beds or ore zones which are scattered at {rregular but fairly short
intervals through parts of the McNutt zone (fig. 10). Nearly all
the depoaits in the McNutt zone are mineralogically complex and
contain & host of hydrous minerals that are thermally reactive at

fairly low to moderate temperatures (table 2).'

Rustler Formation

The Rustler Formation, named by Richardson (1904), 1; the
youngeat salt-bearing unit in the Ochoan Series. The formation 1s
aainly exposed in inliers scattered irregularly through the central
and western parts of the Carlsbad potash area, It is overlain by
the Devey Lake Redbeds. The contact between the two formations is
obscured in outcrops by slumaping and warping due to evaporite
hydration, solution, and removal by meteoric waters, lroQ subsurface
studies, however, 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 eastward.
Over broad sections of the area the Rustier and the Dewey Lake appear
to 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 in sylvite and pol

(Modtfied from Berg, 1970)
[M, welting; B, boiling; Dec, decowposition; Deh, dehydration; T, transition]

Therwal effects and temperature (°C)

Mineral Formuls
M B Dec Deh T
Anhydritesee==r-eaCa50,, - - - - 1,193
Aphthitalite=me===[(K, Na)3Na(504);] 940 - - - 437
Bloedites-s-=--==- Na Mg (S04} 3+ 4R,0 670 - 625 110% -
. 220%
Clmllite--------mgCIB *6H,0 160% 190 - 230 -
425%
Glauberites=e---=-RasCa(50,)y 944 - 520-540' - -
HaliteemsesemaeseeNaCl 800 - T . -
Kainite-e---=a-s==KMg50,C1+3H50 - - 490540 160% 425
277
Eleserites=-rv-==-MgS0; -H:0 1,124 - - 340 -
Langbeinite--~--~-KzMg(80,) 5 930 - - - -
Leonite=veoe=~=- ==K,Mg(50,) 2+ GH20 760 - - 140% 580
180*
Lmu:e----------ualzng,(su,‘) 13" 15820 670 - 625 220 -

msn.'ige_----.--—usma - - 150 - -
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Table 2,+-Evaporite minerals sylvite

olyhalite d

(Modified from Berg, 1970)-=Continued

ar

ad _potash ar

Thermal effects and tewmperature (*C)

Mineral Formula
M B Dec Deh T
Picromerite=v-----KNg (50} 7 -6H0 760 125 - 140% 580
. 180*
Polyhalite-« ------Kzuzns €304) " 2!20 aso - - 310-320 -
Sylviteeecssoe—eeRCl 770 - - - .
Thensrdite=~------Ha,50, 884 - - - 240
800 - 515 - -

Vanthoffite----= ~=~Ra Mg (50,) 4

* Mineral has more than one phase.



11. --COLUMNAR SECTIONS OF RUSTLER FORMATION, CARLSBAD POTASH AREA

FIGURE




Some polyhalite is commonly present near the middle of the formation,
and thin to thick units of sandstone, siltstone, and shale are
interbedded at lonmg to short iatervals. Dolomite is present in the
lower and upper parta of the formation and forms distinct stratigraphic
marker beds which have wide and persistent development in the potash
arep and other sections of southeastern New Mexico., The doloamite
in the lovwer part of the formation is known as the Culebra Dolomite
Member and that in the upper part as ths Magenta Dolomite Member
(Adama, 1944, p. 1614).

The Rustler Formatfion reaches a maximum thickness of about
500 feet in the eastera 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 about 200 feet to
400 feat, but its thickness varies considerably over short distances.
The variable thickoess is due in great part to the leaching of salt
and the hydration of anhyarlta by meteoric vaters. In general, the
removal of salt accounts for a marked reduction in the thickness of
the formation, and the hydration of anhydrite results in an iacrease

of thickness (fig. 11).

ew, ke Redbeds
The Dewey Lake Redbeds, named by Page and Adams (1940), is the
youngest 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 Lake consists entirely of siltatone and fine-grained
sandstone, and generally raanges in thickness from about 400 feet

to 550 feet, It ls exposed in low bluffs in the central and eastern
pacts of the porash area (fig. 4) and is unconforwable with

averlying Triassic rocks.
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GROUND-WATER HYDROLOGY
Three main hydrologic units control the ground-water hydrology

of the Carlsbad potesh mining area. Thesa are: (1) the Pecos River,
which receives the ground-water outflew from the project area; (2) the
water-bearing strata overlying the Saladc Formation; and (3) the
Capitan Limestons and other water-bearing strata underlying the
Salado Formation. The distribution and development of large solution
features, particulariy in the Hash D ww and Clayton Baain ereas,
exert a major effact on the occurrence and movesent of the ground

water.

Pecos River

The Pscos Rivar receives neaxly all the natural diachacge of
gtound water that moved through the rocks of the potash mining ares.
The principal places of patural ground-watear inflow sre ai Carlsbad,
whers water derived from the Capitan Limsstons discharges to the
river or to the alluvium bordering the river, and nesr Malaga Bead
{fig. 1), whers highly mineralized water is discharged from the Rustle:
Formatfion to the river. Batween Carilasbad and Malaga Bend the river
raceivens water from the slluvium, excapt in sress uheére pumping has

lowared the water tabls below river level.

Water-bearing units overiying Saledo Formpation

A small amount of ground water occurs in all the geologic
formations overlying the Salado Formation, but the main aquifers or
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water-ylelding units are the Culebrs Dolomite Member and basal
solution breccia zone of the Rustler Formation, the Santa Rose Sandstome,
and ths alluvium. Locally, the Gatuna Formation yields water to wells,
In the area west of and near the Pecos kiver, water from the alluvium
is utilized extensively fo;r: irrigation purposes. East of the river,
in the potash mining area, ounly a few wells have encountered potable
water. Tha yielda of che wvells are gonerally low and most ars vused
for the watering of Livestock. Tha Culebra Dolomite Member occurs
throughout much of the arex and 1s the mzin source of watei tapped by
atock walls. The basal solution breccis zone of ths Rustler Formation,
often referred to as the “brine aquifer,” is the unit thac is most
significant in the solution of the halite in the uppar part of the
Salado Formation. Tabla 3 susmarizes the hydrology of che geolegic
formations overiying the Salado Formation.

The formations above the Salado Formation seem Lo be connected
hydrologically and can be considered as constituting a single multiple-
aquifer aystem (figs. 4A, 8). How perfectly this aquifer system is
developed is an open question and cannot be determinad from the
existing hydrologic information, although th; levels of water standing
in wells are sufficiencly uniform that poteatiometric snd water-table
contours can be constructed throughout the area (fig. 8). This water
table and potentiomstric surface ranges from lesg than 200 feat to
about 1,400 feet above the contact between the gypsiferous residue and
salt-bearing rock in the Salado Formation (£ig. 13).
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Solution activity and assoclated collapse, subsidance, and fractur-
ing have increased the overall perseabliliry of the rocks and enhanced
the interformationsl movement of water in the aquifer aystem. The
solution action in the area of the potash mines also has detrimentally
sffected the chemical quality of the ground wacer. Al.lllyl'l of well
water indicate that tha ground water in the mining area contains
méh higher swounts of dissoived subsptances than dosa the water of the
surrounding region of New Mexico; this distributional relationship is

indicated bast by the total dissolved solids (fig. 14) and

chloride (£ig. 15).

| Ground water in the formations sbove the Salado Formation moves
pmully.lmtlﬁu:d and southwestward across the potash sining area
toward the Pecos River (tig;ls). Most of the dischargs of the ground
water takes place in the resch of the Pecos Kiver near Malags Bend.
This dtleh;rgo is from about 850 square miles of the mining ares
north of Project Gnome site and from at lesst ag additiooal 400 sguare
uiles lying to the northesst of the mining aresa. Although the total
amount of ground water discharging to the Pecos River is not knowa,
Theis and others (1942, p. 69) sstimated that 200 gallons per minute
sotered the river from the basal solution braccia zone.

The potentiometric and water-table contours outline a series of

ground-vatar ridges or highs and troughs or lows (£ig. B), which are
imposad on the regional southwawd to southwestward pattern of ground-

watsr movement. A large southwestward-plunging ground-watsr trough
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extends from Malaga Band northeastward roughly chrough Hash Draw to
the vicinicty of Laguna Plata. Another much smailer rrough is easc-
southeast of the Project Gnome site and extende from the southeastern
part of T. 24 5., R. 30 E. ug;t-northelntmrd acroes T. 24 5., R. 31 E,,
to T. 23 S., R. 32 E. A southward-plunging trough is in the area of
Clayton Basin, Water moves southeastward toward tha center of this
trough from tha northwestern part of the mining area, southward from
the northera border region of the mining area, and southwestward and
wastward from & narrow ground-water ridge betwaen Clayton Basin and
Laguna Placa. South of Clayton Basin the trough is not & well-defined
hydrologic feature. Much of the water in the trough doas not move
directly toward the Pecos River from the Clayton Basin arsa. [Ipstead,
the water is divertad south-southeastward through the rocks underly-
iug Quabada Ridge ioto the ground-water trough in the Nash Draw area
{see Gatuna Formation, tsble 3), whare it joins water moving south-

wastward toward the Pecos River.

Salado Formation

The Salado Formstion has an intsrgranular porosity snd permeability
that ranges from low to virtually none (Stevens and others, 1970,
table 1). Locally, fractures and solution cpenings {mpart a spotty
formational parmeability. 1In the potash wining area, the Salado
FPormatjon is dry except for small pockets of water or water and gas

that have been encountered occasionally during mining and test-drilling
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operations and for water present in the leached zone developed at the
top of the formation. Sowe of the water and gas pockets are confined
under high pressure. In much of the mining srea ground vater woving
through the basal part of the Ruulor-rorntlon has formed a lesched
gone along the top of the Salado Formation (f1g. 4A). 1In places, the
leached zone exteands more than 200 fest intoe the Salado Formation,

Moat of the dissolved solids in the brins in the basal solution zone
of the Rustler Formation has been obtained from the lsached zona.

G. 0. Bachman {(written cosmun., 1972) estimates that during the
past 5 willion ysars..."salt has been dissolved laterally in the
vicinicy of Carlsbad, New Maxico, at an average rate of about 3 1/2
to & miles par million years... This conclusion is based on the fact
that the distance from the sastarn front of the Guadalupe Mountains
to the presant western limit of major salt bede is about 18 to 20
miles and on the following assumptions: (1) the Ogallala Formation
formarly extended scross the Pecos River vallay st least as far as the
fromt of the Guadalups Mountains, (2) the Pecos River vallay imn the
vicinity of Carlebad has been formed since Ogallala time, and (3) the
Ogallals Formation has baen sroded snd tha Permian salt dissolved from
this area during the past 5 million years. It does not seem probable
that salt sxtended much farther west than the front of the Cuadalupe
Mountains bafore Ogallala time; if the salt was less extensive before

Ogallals time this estimace is conservative.”
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Strata underlying Salade Formation
The Permisn to Cambrisn sadimentary rocks underlying the Salade

Formation contain water of brine composition and are under high
artesian pressyre, Thess rocks are not exposed in the potash mining
arsa, but they 1ie deeply buried in the subsurface throughout wuch of
southeastarn Nev Mexico and western Texas. McNeal (1965, Eigs. 1-7)
showed cthat in the potash mining ares the eisvation of the ﬂotcn-
ticmstric surfaces of different zones (excluding the Capitan Limescone
of thase rocks ranges from a faw feet to a few hundread feet above or
below the land surface. At Project Gnows site where the average
slavation of the land surface is about 3,400 feer, tha potantiometric
surfaces are st elevations batween 3,400 and 3,800 feet, which is
600-1,000 fest above the top of the halite in the Salsdo Formatiom.
tha direction of the slope of the potentiometric surfaces differs
somevhat, but it is generally to the east or northeast im southesstern
Naw Maxico.

The Capitan Limsstons and associated dolomitic part of the Yates
and Tapsil]l Formations form the topmost aquifer in the strata bensath
the Salado Formation. Thess formations crop out or lie at shallow
depths aocuthwest of Carlabad, but they sre desaply buried ssst of the
city near tha potash mines (fig. 4A). The Capitan Limestons comprises
a glant reef 1-2 miles wide that extsnds northeastward and eastward from

Carlabad across tha miniog area; the Yates and Tansi{l Forwations adjoin
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the north side of the Capitan Limestons veaf. West of the Pecos Eiver,
the Capitan Limestone is developed as & aource of water for the city of
Carlisbad and for irrigation. Esst of the river only a faw water wells
penacrate this unit oxr ths Yates and Tanaill Formationa. East of the
Pecos River, water in the Capitan Limestona and in the Yates and
Tansill Formations is under strong artesian pressurs. According to
Halpauany snd Greens (1962, table 2), the potentiomscric surface of
vater ia these units is largely sbove the lend surfsce im Che area east
of the Pecos River (figs. &, 4A). Within an sres that extends 14 miles
sast-notrtheast of Carlsbad, some of the water f{o the Yates and Tansill
Formations may wmove upward, mix with water {n the Rustlar Formation,
and aid in tha solution of halite, gypsum, sacd achydrite io the
Rustler and Salado Forwatlons. The discribution of chloride shown

on figure 15 is copsistent with tha conceapt that upward sovemsnt of

water does take place.

POTASH MINES

History of mining
The potash mines in Eddy and Les Countises, 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 disclosurs by the
Fedaral Govermmant in 1926 that large tonnages of potassium-bsaring
winerals were present in Permian strats near Carlshad, N. Mex. Peak
production was reached in 1966. The higher grade commarcial ore in
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the area is nearing depletion and wost of the seven producing
companies have less than a 10-year supply. Large low-grade deposits
remain, but thair recovery may not be competitive with the Canadian
production. Recent production cutbacks resulted in a reductjion of
employment that has seriously affected the economy of the Carlsbad

area.

Location of mines

Most of tha potash mines {n tha Carlshad district have besn develop
on deposits in a nnr:h-tfcndlng belt 10-12 miles asst of Carlabad,
Nine minesa have besn developed along this trend. Two mines have baen
opened on depceits 6-8 wmiles farther east, near the Eddy-lea County
line (fig. 16).

The mines are owned and operated by the Teledyns Potash Co.
(s subsidiary of Continental Aserican Royalty Co.), Potash Company of
America (a division of ldeal Basic Industries, Inc.), Duval Corporation,
International Minerals and Chemical Corporation, Southwast Potash
co.,{s subsidiary of Prupor'!: Sulphur Co.), and Kerr-McGee Chemical
Corp.

At the prasant time, eight mines opsrate in the district (figs. 4,
16), Three mines are closed, Wills-Weaver {(Duval), Saunders (Duval),
and Lsa (Naciomal). The Teledyne Potash No. 3 mine is sacheduled for

closurs in August 1972.
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Methods of prospecting and exploration
All prospacting and exploration In the district has been done by

holes drilled from 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 zowes with a diamond drill. Casing
was set in the upper part of the hole and cemanted into tha top of the
salt. The casing and cement seal gpreveonted watar from the Ruscier and
youngar rocks from sntering the hola. After tha holes wers completed
and sampled, the caming was pulled and tha holes plugged with cement
from bottom to top. In some of the sarlier drilling the lower parts of
the holea were plugged with sud, but thoss parts sbovae tha top of the
salt were filled with cement. It can be assumed that all exploration
holes drilled for potash have been effactively sealed.

The density and distribution of the exploration and development
drilling are shown on figure 17. In gepsral, the pattern and density
of drilling reflects the position or the economic limits of the potash
deposits. Outside tha densely drilled areas the ore horizons in the
Salado are probsbly composed of halite and only minor awounts of

potash,

Hining methods
The bedded potash deposits are nearly flat lying over large areas;

therefore, modified coal-mining methada have been used in extracting

the ore. The ore-bearing horicons are reached through vertical
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shafts from which main entriea are driven into the ore bodies. Pana
of rooms and pillars are devaloped off the main entries.

The main entries are generally i15-20 feet wide and 8 feet high.
Where double entriss are drivan, they are spaced 50-55 fest apart.
The breskthroughs are about 7 feer high, 32-34 feet wide, and are
driven on 100- to 150-foot centers. The average room sizes are
3 x 42 faec. The height of the rooms, determined by the thickosss
of the ore beds baing mined, ranges frowm 4-10 fesct.

Each ore body is developad to its economic limits by the above
method. This cycle of wmining is reterred to as “first mining" snd
rasults im an ors rscovery of about 50-55 percent,

Second mining or final mining is the removel of pillars and the
recreatiog from the outer edges of the developad ares toward the wmain
haulageways and shafeca. When this wmining cycle is completed, tha tot:
ore recavery lpprqlchl 85-90 percent,

Final mining results in the removal of pillar support and the
eventual subsideunce of the mined sreas. Reentry ioto the caved areas

is not possible.

Shatte
Twenty-five shafts have been sunk at the sites of the 1l mines in
the district (fig. 4). The shaft locations and other pertinant data
are shown in tabular form on table 4. None of the shafts has been

abandoned or decommissioned. Neariy all shafts are concrete or steal
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lined and have standard holsting 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 have been constructed, and pumps inatalled to hendle
water seepage from the grouted areas. Ar several of the shafte pumping
is no longer required, and at others the amount of water pumped is
minimal. The effectiveness of the methods employed to control the
wvater in the shaft arsas inrnvldcnced by the fact that the records show
that no water has entered the mine workings.

Part of the investigations for the Gnome project showed that the
Farm Chemical Resources Development Corp. shaft in eastern Bddy County
had been sbandoned and contained water., Water-level measurements were
made in this shaft during October and Rovember 1961 and in December 1961
after the Gnome device was detonated on Dacember 10, 1961, At the time
the measurements were wade the water level stood at 1,687 feet below
the surface or 1} feat abov_e. the bottom of the shaft. Presusably the
source of the water was the aquifer in the Ruatler Formation. During
the period of inactivity the water had overflowed the sump and collected
in the shaft. The cellar was comstructed high encugh above ground level
to prevent surface water from draining into the shafc.

The shaft has since besn equipped with the usual complement of
machinery and is now in oper;ting condfition. It is listed }n table 4

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

Taledyne Potash Co. No. 1 and No. 2, are in excellsnt condition.

Extent of wine workinge

Forty years of lar;c-tapugc mining in the relatively thin-bedded
ore deposits in the district has resulted in an extensive maze of under-
ground workings. The mine workings in the district cover an ares ia
axcass of 45 square miles. The avarage height of the workings awvay
from the vicinicies of the shafis and the majin sotries is about 7 fest,
The floors and backs are genarslly flac or gently alopsd because the min-
ing mathods and the mine layouts are designed to follow the nearly flat
regional dip of the bads.

The mined areas ars irrsgular in shape but most are slongate in
s north-nerchesast direction. This configuration reflects the varistion
of the potash content of the ore bads snd sot the continuity of the en-
closing saic beds. In other words, theee are chemical varistions, or
chemical facies within a single bed, and are not variations in the
ragienal sedimentation.

Ors has been wined from four beds or zooas in the Salado Formation.
The moat extensive workiags ave in the lowest or "First" ore cons, which
is batvesn 650 and 800 feet balow tha top of tha Salado. Nipe mines in
the district have produced ora from this zone. Teledyne Potash Co. No. 1
has produced from the "First” and “Fourth” ore zones. Intersational
Minsrsls and Chemical Cerp. has produced from the "First,” “Fourth,"

and "PLELE" zones. Duvel's Nash Drav mine has produced from the “Pirst"
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and "Teath" zones, HNational Potash Co.'s Lea mine and the Kerr-McGee
Chemical Corp. mine have produced from the "Tenth”" ore zone. The
approximsate estratigraphic positions of the ore zonss are shown in

figure 10.

Stability of mine workings
The entries, rvooms, and pillars developed during the "first

cycle” mining are designed to insure stability commensurate with safe
and efficient minfng practice. Back failure may occur where the back
is only a few inches to a foot below a clay seam. Ths unsupported
salt beds have a tendency to pull away from the clay bed bacauss of the
loose bond betweaen the two rock types. Back falls are controlled by

the judicious and extensive use of bolting.

Clvi_ll‘. and subsidence
buring final mining most of the pillar support is removed and the

worked-out areas gradually subsids or cavas. More than 50 percent of
the mined areas are now caved (fig. 16). In those minas whers mioing
has besn compleated, the subsidence is naarly 100 parcent of the
mined heighe.

In moat cavad areas tha subsidence is reflected in the overlying
surface by the developmant of gentls depreesions. Practuring at the
aurface in the subsidance areas cannot be accurately mapped or deter-
wmined becauss of the cover of unconsolidated surficial materials. Some
fracturing has been noticed in the paved highways that cross the sub-

sided areas.
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Although detailed atudies of the subsidence areas have not been
sads, some speculations concerning the mechaniss involved can be mede.
Subsurface observations of the subsidiug aress indicats chat che rocks
above the wined aress move slowiy dowrward as & simple cohesive block
after final mining is complered. Fracturing may well accur in the
subsiding block, particularly in the dolomita beds abova the Salado,
but the pattern 1¢ not known. The unique physical properties of the
salt prohibits the developmant of open fracturss. The fractures
formad are tight or gquickly sealed by flowage or recrystallizstion
of the salt. The absence of water ssspage into the mines in the aress
of aubsideucs tf indicative of the sslf-sesaling character of the sslt
bads.

Furchar evidence for the cohesivecass of the subaidenca block is
that mining is currently being carrisd op in two mines in ora beds
about 50 and 100 feet above the bottoms of the caved blocka or lower
qlntng levals. The ore bade baing wined have suffersd no noticeabls
structural deformation other than the sag and elevation changes dus to
the subsidence.

No data ars available on the effect that sugheidence hase had @

the wovement of water in the aguifers above the Salado.

Gnows shafr and workings

The Guome site and shefc are near the center of sec. 34,

T. 23 §., R. 30 E., Eddy County, N. Mex. (fig. 16). Tha shaft was
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sunk by the U. 5. Atomic Energy Commiseion as & part of the Plowshare
program. Only a brief summary of the geology and description of the
mined areas is given in this report. Details can be obtained from
vaports on Project Goowme (U. 5. Geeol. Survey, 1962).

The Gnome shaft was sunk to s depth of 1,202 feet. The shaft
ia circular in plan, has an inside diameter of 10 feat, and is lined
with reinforced concrete to a depth of 722 feat. It penetratsd about
200 fest of surficial and Pleistocens deposits and 1,000 feet of
Permian rocks. Tha top of the salt is about 650 feet below the collar
of the shaft. Tha bottom of the shaft is in salt about 550 feat below
the top of tha Salado Formation. Rocks exposad in ths shaft ars shown
on table 5. The shot chamber is connected to the shaft by two parallel
drifts esach approximately 1,100 fast long. The drifts and chambar are
near the base of the upper third of the salt section. About 1,000 feet
of massive salt is sstimated to be present below the bottom of the
shafc and drife.

The Gnoms shaft was abandonad and sealed by the AEC in November
1968. The decommissioning of the shaft wes donsa under tha surveillance
of Reymolds Electrical and Engingering Co. and is reported oo by Tappan
and Lorenx (1969). All materials giving & contact radiatfon doss rate
of mores than 0.1 milliroentgens per hour were removed from the surface
and placed io the shaft br flushed as a brine slurry down & drill hole

that intersscted one of the drifts.
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Table 5.--Rocks exposed in the Gnows shaft

Depth balow|Thickness
Nams Lithology Age wurface (feer)
(feet])
Alluvial bolson Unconsolidated Holocens 0-43 43.0
deposite sand ) ‘
catuna Formstion |Friable sand- Pleistocensa(?) 43-91.% 48.9
stons and
conglomsrate
Devey Lake Redbeds|Thin-bedded Permisn 91.9-294 | 202.1
siltstons
Rustler Jormation; sesallBurasaens| 294-6351.2 | 257.2
Forty-niner Chiefly ceeslOiaiiaas.| 294-361.3 1 67,3
Mamber aypsus and :
aphydrite
Magents Dolomite!5ilty dolomire veesBBiivirn,.]381.3-382.2 20.9
Meambar '
Tamtrisk Member {Chiasfly veeel0irivsea.1382,.3-495.5 ) 113.3
anhydrite
and gyptum
Culebra Dolomite|Polomite veesB0i0.0a0..)095.5-523.5 28.0
Hambev
Lower member Chisfly clay seesld0i0n00...]523,.5-651,2 | 127.7
and silc wich
some gypsum
and anhydritce
Salado Formation: sevalOieinnens 651.2-1,202 350.8
Upper leachad Chiefly clay- teesl00ry,0..|651.2~709.3 58.1
manber stone and
ailtstone
Unlsached Galado|Chiefly impure |....do........[709.3-1,202 | 492.7
Formatica halits Tock -
with some .
pohydrite,
palyhalite, and
silcstone
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The shaft contsins conl:uiuud macal lcrl.p, ons dump truck, four
wmins cars, a hoist lln-c:l;t, und various othn' un;.l;l-, including a
considerable amount of contsminated soil and salt muck. The report does
not state how far up the sheft the contaminated materials extend. Uncon-
taminated soi]l was placed in the uppsr part of the shaft to within 5 feat
of the surface, and a parmapent plug was formed by filling the last
3 fast vith concrete.

In sddition, 4l% test drill holes were plugged with cemant to ths
top of tha Salado.

Bacsuss of the conditions that pow exist at the shaft, the Goome
shaft ox drifts probably caunot bs safely snd leconosically rehabilite-

ted.

Selution pining sctivities

The Kansss City Testing Laboratory was ths first of two companies
to conduct expsrissntal solution mining projects in the Carlsbad area.
This experimental project involved attempts to satablish & connaction
batwean two boreholes about 200 fear spart ia the W 1/4 sec. 22,

T. 20 8., b, 29 E. The projact was started during che lete 1940°s and
snded during the 1950's.

During the -14-1'960'- Contioental 0il Co. conductad an exper-
imsntal solution mining project in the Csrlisbad area (Davis and Bheck,
1970).. Four test holas were drilled io the W 1/4 sec. 12, T. 19 B.,

R. 30 B., about ) 1/2 milag sast of the Southwest Potash Co. shaft.
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The drilling pattecrn was in the shape of an equilateral triangle
with a fourth hole in the center, 200 feet from the apex wells., The
wells were drilled to a depth of 1,150 feet and were cowpleted in the
“Third" ore tone of the Salado Formation. Subsurface connactions between
walle were established by hy;‘luulic fracturing from the center or in-
Jection well.

During the life of the sxperiment an elliptical cavity 280 feet
long and about 80 feet wide at ita broadest part and 5-10 feet desp
was formed. About 175,000 cubic feet of salts were removed. Ths shape
and size of the cavity vwas detsrmined by a sooar survey.

The walls ware cased apd cemapted into the top of the Salado to
pravent watexr from the wear-surface aquifer entering the holes. Pre-
sumably thess holes were plugged with cement when the project was

coapleted.

OIL AND GAS PRODUCTION

011 was first produced in Eddy County, N. Mex., from ths famous
Artesia pool which was discovered in 1924, Since that time there has
basn & steady increase in the production of oil and gas in south-
sastern New Mexico. The oll and gas fields in Eddy and Las Counties
are tha most productive im New Mexico., As of 1966, the fields in
Eddy County had produced aimost 197,000,000 bble (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 oll 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 sales

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

the valus of hydrocarbon production. The producing wells are concentrated
in an arcuate balt that in general reflects the position of the buried
reef that marks the transition zone between the Delaware basin and the
northwest shelf ares and the central basin platform.

The most productive oil and gas zones are in the Permian rocks
lying below tha Castile Formation. However, Ssome production has come
from upper, middle, and lower Paleozoic strata in the eastern, western,
and northeastern part of the area, The producing sones for the oil and
gas pools in Eddy and Lea Countiss sre shown in table 6.

Production in tha vicinity of Carlsbad is mostly from rocks of
Guadalupian age, particularly the Grayburg and San Andres Formations,
from the rocks of Leonardian and Wolfcampian age, and from rocks of
Pannsylvanian age. The distribution of wells and daveloped oil and
gas fialds as of 1964 are shown on figures 18 and 19. 1In general, the
wells near the west margin of the Delaware basin ars 8,000-10,000 feet
deap, most of those in the vicinity of the potash mines axre from 1,500
tb 3,000 feet deep, And many welld are more than 3,000 faet desp. In
the mora central and eastern part of the basia, the depths of the wells
generally are 4,000-14,000 feet. The deepest wail in tha Délavare basin,
drilled 21,275 feet to basement, encounterad large reserves of gas com-
densate in several zones and probably is the firet of many wildcats that

will be driiled in the relatively unexplored deeper parts of the basin.
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[l Oufields

Gaslields

Figure 19. -~-Map of vil and gas fields in southeastern New Mexico.
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Southeastern New Mexico is now & well-escablished ofil- and
gas-producing ares. The gensral geology is well known, but unexplored
large areas still ramain. The search for scratigraphic traps and
favorable structurss in the desper parts of the Delavars 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 nation

becauss of the high success ratio.

CONCLUS IONS
That part of the Carlsbad potash area io Tps. 21, 22, 23,
and 24 5., Re. 31 and 32 E., has the lowest density of drill holea
for potash, oil, and gas, is farthest from the dissolution froat in
the salt section, has & substantial thickness of consolidated cover
sbove the salr section, snd contsins the maximum thickness of Salado
Formation salt at reasonable depths below the surface. Boms of the

ained-out potash mines may provide ussful storags.
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