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GEOLOGY AIID HYDROLOGY OF THE CAIILSBAD POTASH AllEA, 
EDDY AIID IJ!A COUJrrlES, NEW IIEXlCO 

By 

.\rncold L. Brokaw, C. L. Jonea, H. E. Cooley, and W. H. Haya 

ABSTRACT 

Tba potaah ainea of eoutheaatern Hew Mexico are in a aparaely 
populated area lS•JO atlea eaat of Carlsbad. topoarapbic relief ia 
low, aurface dratoaae poor, aad collapae featurel comaon. The cl~te 
b aeatartd. 

Sed'-entary rocka attain tbickneaaea of aore than 20,000 feet and 
ranaa ia •a• fro. Ordovician to Quaternary. The area tncludea the 
northern ead of tbe DelaWare baaiD aDd the laraely buried Capitan lee£. 
The baaln contaiaa aa .uch •• 13,000 feet of Per.tan atrata. The 
oldeat axpoaed rocka are of Lata Per.ian •a•, but drilltna baa provided 
aucb data oa the buried older rocka. The principal atructurea are broad 
gentle feature& related to late Paleozoic aedt.entatioa: the aorthe~a 
Delaware baata, a abelf north and waat of the baatn, aad a central baatn 
platfo~ to the eaat. Theaa atructurea were tilted eaatward befo~• 
Plioceae tt.e, have beea inactive aince, and now ahow a aeneral eaatward 
dip of leaa th&D z•. 

The aalt depoeita are in the Lata P•r•tan Ocboan Seriee ca.poeed of 
a thick aalt-beartaa evaporite lower part (Caatile, Salado, and luatler 
Fo~attoaa) and a thin aon-aalt-beartna upper part (Dewey Redbeda). 

The Caattla For.ation conaiata laraely of interla.tnated aray 
anhydrite and brovatah-aray ltaeatooe, but includea •ucb rock aalt. It 
ta about 1,500-1,600 feat thick alooa the aouthern edae of the potaah 
area; it thtaa northward to about 1,000 feet near the .. rain of the 
Delaware baain and tonauea out tn the aouthera.oat parte of the 
northweat ahelf. All the aalt ta concentrated in a thick •iddle member 
which liea 200-300 feet above the baae of the for .. tton. 

The Salado Pormatton, the .atn aalt-beartna unit of the potash 
area, ranaea ln thlckneaa fra. about 1,900 feet ln the aouth to about 
1,000 feet in the north. The for .. tion ia characteFtzed by thick 
peraiatent untta of rock aalt alternatin& with thinner unit& of anhydrite 
and polyhalite. Thin ..... of clayatone underlie the anhydrite and 



polyhalite unit, and there are a few bed& of sandstone and siltstone at 
large interval&, The Salado Formation is divided into three informal 
units: a lower and an upper aalt member, generally free of sylvite and 
other potassium and magnesium evaporite minerals; and the HcNutt potash 
zone, aenerally rich in these minerals. 

The Rustler Formation mostly anhydrite and rock salt, thin& fro. 
300 to 400 feet in the soUthern part of the area to about 200·250 feet 
in the northern part. Some doloaite ta preaent in the upper and lower 
parts of the foraation, and thin to thick units of aandatone and ahale 
are interbedded at long to short inteFvals. 

The Dewey Lake Redbed& at the top• of the Ochoan Sertea conaiat of 
reddtsh·brown ailt&tone and fine·grained aaodatone. The formation is 
2SO-S~O feet thick in the potash area. 

Three .. in hydroloaic unit& control the around-water hydrology of 
the Carlsbad potash mining area: the Pecoa River, the water-bearing 
atrata overlying the Salado For .. tion, and the Capitan L~eatone and 
other water-bearing atrata underlyin& the Salado. The distribution and 
development of large diaaolution features, particularly in the Nash 
Draw and Clayton Basin area&, exert a major effect on the occurrence 
&3d movement of the ground water. The Pecos River receives nearly all 
of the ground-water outflow fro. the area. Moat of that outflow reachea 
the Pecos near Halaaa Bend. 

The .ain water·yieldtna units overlytna the Salado Formation are 
the basal aolution breccia zone and the Culebra Dolomite Hember of the 
Rustler For .. tton, the Santa Rosa Sandstone, and the alluvium. The 
basal aolution breccia zone ia the hydroloaic unit moat aigniftcant in 
the solution of halit~ ~ra. the upper part of the Salado Formation. 
The eaaternmoat extent of evaporite solution in the potash minin& area 
ia rouahly at the com.on boundary between Ranaea 30 and 31 E. The 
formations above the Salado Formation seem to be connected hydroloaically 
and can be considered • atngle .ultiple aquifer syate•. Solution 
activity and aaaociated collapae, subaidence, and fracturina have 
increased the overall per•eability of the rocka and the interforaational 
aovement of water in the aquifer ayatem. 

Ground water in the formation• above the Salado move• generally 
southward and aouthwestward across the potash mining area toward the 
Pecos River. Although the total a-aunt of around water discharging to 
the Pecos River is not known, it baa been estimated that 200 aallons 
per •inute enter the river fro. the baaal solution breccia zone. 
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The potentiometric and water-table contours outline a aeries of 
around•water rtdaea and trouaha which are t•poaed on the reatonal 
aouthward to aouthweatward pattern of around-water •ovement. A larae 
aouthweatward•plunatna around-water trough extends fro. Malaga Bend 
northeaatward rouahly through Nash Draw to beyond the •intng area tn 
the vtctotty of Laauna Plata. Another aucb a .. ller trough ta eaat and 
aoutbeaat of the Project Gno.e alte. 

The Salado Por .. tton baa an tnteraranular porosity and 
paraeabtltty that ranaes from low to virtually none. Locally. fractures 
•nd solution opentoaa '-part a apotty for.attonal permeability. In 
the potaah •1ntna area. the Salado For .. ttoo ta dry except for water in 
the leached zone at the top of the for .. tion and ... 11 pocketa of water 
or water and a•• encountered occaatonally durin& •inlng. 

The CaMbrian to Per•iao aed'-entary rocka underlying the Salado 
Formation contain water of brine co.poaitton and are under high arteaian 
preaaure. Theaa rocka are not exposed in the potaah mining area but lie 
deeply buried throuahout •uch of aoutheaatern New Mexico and weatern 
Texaa. lo the potaab •intQa area the elevation& of the potentioaetric 
aurfacea of different aooea of theae rocka ranae fro. a few feet to a 
few hundred feet above or below the land aurface. 

IMTRODUCTIOM 

The U.S. Geoloatcal Survey. on behalf of the Atoatc Eneray 

Caa.taaton, baa aum.artaed the available aeologtc and hydroloatc 

tnfor .. tion on the Carlabad, M. Hex., potaah area. The purpoae of thia 

au ... ry ia to furotab the Ato.ic Eneray Coaaiaaton with data that would 

be uaeful to thea in their evaluation of vartoua aeoloatc for .. ttona 

for the diapoaal of radioactive waatea. The project waa started on 

April 1, 1972, and co.pleted on June 30, 1972. 

In prepartna tbia report we have drawn liberally on publiahed 

reporta and on unpubliabed file data of the U.S. Geological Survey. We 

have benefited froa the full cooperation of a. 5. Fulton, aegional 
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Mining Supervisor, U.S. Geological Survey, Carlsbad, N. Hex., and 

D. H. Van Sickle, Regional Geologist, U.S. Geological Survey, Roswell, 

N. Hex. We had the pleasure of discussing the objectives of thia proje, 

with Donald Baker, Director, New Mexico Bureau of Hinea and Mineral 

Resources, and with Frank ~ottlowaki and Roy Foster, also of that 

oraanization. DiacuaaioD8 and underaround trips with Willi .. Stanley 

of the U.S. Potaah Company, aod Karl Eblara of the Duval Co.pany were 

alao very helpful in our work. 

GEOGRAPHY 

Location and population 

The potash aines of aoutheaatern New Mexico are in eaatera Eddy 

County and weateromoat Lea County. Moat of the •inea lie alona a 

north-trendin& line 15 aile& east of the city of Carlsbad and 

25-45 •ilea north of the Texas border (fi&. 1). Two •inea are 10 ailea 

farther east. 

The area is sparsely populated. Populations given here are 

eat~tes for Jan. 1, 1972 (Rand McNally and Co., 1972). Eddy County 

bas a population of 39,800 and Lea County 48,800. Other than Carlsbad 

(20,500), the only cities of 1,000 or laraer population within 50 •ilea 

of the •inea are Hobba (25,800), Artesia (10,300), Lovington (8,900), 

Eunice (2,600), Jal (2,600), and Lovin& (1,200). Except for widely 

scattered ranch and far• houaea, the only habitation& within 20 •ilea 
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of the •ines are in Carlsbad, Lovin&. and the S1UAll communitle& of 

Kalaga, Otis, Loco "ills, and Maljamar. Population ts hi&hly dependent 

on the petroleu. and potas~ industries, and any large tncreaae other 

than throuah possible expanaion of these induttriea ae~s ~probable. 

Surface water 

The Pecos River, which rtaea in northeastern New Kextco and 

ult~tely joina the Rio Grande at the Mexican border, ia the only 

throuah-aotn& perennial stream in thia area. Here and farther aouth 

the Pecos receives al•oat all the surface dtscharae and at least the 

greater part of the aubaurface dtacharae from the area. Surface dratoaae 

fro. moat of the are& la poor. The only significant continuously 

flowtna tributary of the Pecoa ia Black River, aouth of Carlsbad. Tha 

abundant a.all inter•ittent atreama senerally drain into depreaaiona 

produced by aand dunes or by aolutioa aubaideoce where the water 

evaporates or ainka into the subsurface. Of the intermittent atrea .. , 

the lonaest ia in Honu.ent Draw, which drains southward alooa the eastern 

edae of Lea County. It la rare for auch aene~ally dry channels to ca~ry 

continuous flows of water, as the runoff from thunder ahowera ordinarily 

atoka into depreaaiona in the floor. 

The Pecos River, amall reservoirs behind two da .. between Carlsbad 

and Lovins. and a a .. ll part of Salt Lake. ea•t of Lovin&. are the only 
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bodiea of perennial aurface water within 14 milea of any potash •ine. 

The northern edge of Salt Lake ia 4 milea aouthweat of the International 

Mineral and Che•ical Corp. •ine. Other laku (or "lagunaa11
) eaat of 

the Pecoa cantata water omly after heavy ra1na. L&ke6 MdKlllan and 

Avalon and the a .. llar reaervotr on the river at the eaat edge of 

C&rlabad are 1~ allea or .ore fro. tbe neareat alae. 

Topoaraphy 

The topoaraphy of the area (fi&• 1) falla eaaily into four larae 

dlvlatooa: the eutern Guadalupe Kountaina and lU foothllla;. the 

Hl&h Platna; Llolated areaa of low billa, principally aouth of Carlabad 

and aouthweat of Kunlca; aDd vldeapread ped~nta and alluvial plaine, 

north, eaat, aDd aoutbeaat of Carlabed. Collapae feeturea locally 

•odlfy the topoaraphy throuabout the realon. 

GdAdalupe Hountatna.--Tbe Guadalupe Hountalna fora a moderately 

dtaaected plateau, aently inclined to the northeaat (Heyea, 1964). 

South of Carlabad the aountatna are bounded abruptly oa the aoutbeaat 

by the aeef Eecar,-eot, the face of an exbu.ed Per•i•n reef that bordere« 

the Delaware baeln. Thla atrlking ~opographic and ttratigraphtc 

feature eaeraea froa the aubaurface near Carlabad. It beca.ea ateeper 

and hlaher aoutbweatward from Carlabad and culalnatea in Guadalupe Peak 

(8.751 feet), SO •ilea fro. the city. Nortbweat of Cerlabad, the 
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aaratn of the •ountaina h far leaa spectacular; the northeastern &1< 

there descends aradually to the pedt.ent& that flank the Pecoa River. 

Hiah Plaina.--The H1&h Plains are a large remn.nt of the depoait 

aurface on top of the Pliocene oaallala Forution. The 5urface of tt 

plain& ia re.arkablY even and alopea eaat-aoutbeaat about 15 feet pe1 

•ile. It ia underlain by a thick layer of caliche, which is .. ntled 

in placea by thin aoil. West of Hobba and Loviaaton, the plaine are 

aharply bounded by a aouthweat-fac~ eroaion.l 1carp, 100-300 feet 

high, known aa Heacalero Rtdae. South of Hobba, the boundary 1& onlJ 

vaauely defined (Nicholaon and Clebach, 1961). 

Low hilla.·-The Gypau. Hilla, a aroup of low rounded billa •rode 

fro. aypaiferoua Per•ian rocka, occupy .uch of the area between the f 

liver aDd the Reef Eacarp~Rent, 20 •ilea aouth of Carlabad. Farther 

north, , .. 11 billa locally project above the pied•ont aurfacea flank1 

the eac&rpment. In Lea County, two low ridge&, north and weat of Saa 

Sbaon Sink .. y preaerve outlylna re.nanta of the Hi&h Plaine aurface 

(Hlcbo11on and C1ebach, 1961). 

Ped~enta and alluvial plaina.--Over IROit of the area abown oa 

fiaure 1, the ground aurface baa low relief and alopea aently 

(20-40 feet per mile) away fro. the border& of the Guadalupe Hou~taln1 

and the Hi&h Plain& toward the Pecoa River or locally toward Black 11, 

and Monument Draw. Included, in aeneral, ia all the larae area eaat c 
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the Pecoa Rivet and aouth and weat of the High Plaine. the area near 

Arteaia fro. the river weat to the foothill& of the Guadalupe Mountain•. 

and tbe area aoutb of Carlabad between the Pecot River. the Gypa~ 

Hilla, aod the leaf lacarp.ent. 

The baate fo~ of al.oat all tb. &round aurface of the reaion ia 

eroaloDAl and coD8iltl ot Pleiatocaae ped~enta aad partial pedi .. nta 

tbat have been .odlfied to varytDa deareea. Nearly all the aurface 

eaat of tba Peco1 liver, lncludtaa tba vicinity of the fOtaah •inea, 

11 a pedt.ent or aroup of coaleaced pedt.enta of probable early 

Pletatocepe aae ~raan aDd Sayre, 1942, p. JS). Thia aurface waa 

aodifled durtaa aad atnce ita for .. tlon by aolution-collapae featurea. 

It baa bee~ ditaacted locally by atra..-, aDd larae parte of it are 

.. ntled by abifttna or atabillaed aand dunaa. 

Aloaa tbe Pecoa a1~er an4 veat of tba river, the aurface ta youaaer 

thea that to the eaat and cooetata of a co.plex of three terracea tbat 

ca..oaly rile like broad low atepa froa tbe river to the footbilll or 

to tbe eacarp .. nt of tbe Guadalupe Hount&idA (Fiedler end Mye, 1932, 

p. 10·12). The upper tvo terrae•• ar• interpreted •• remnanta of 

Plet•toceoe pad~nta (Uorbera. 1949, p. 472; Moraan •ad Sayre, 1942, 

p. JS), whereaa the loweat and younae•t terrace waa produced by 

aoderate entrenc~nt of the river aod ita .. jor tributarlea lnto 

narrow dl1continuoua alluvial plaine. 
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Collapse featurea.--Collapse features produced by subsurface 

solution are varyingly common throughout the region. They are moat 

abundant east of the Pecos River in parts of the widespread old 

pedi.ent. Solution occurs where unsaturated circulating ground water 

passes through or along the contacts of layera of aalt, gypsum, 

anhydrite, or, to leaa extent, carbonate rock. Theae soluble rocks 

predominate in the Late Permian Ochoan Series, which underlies all the 

area eaat of the Pecoa River. 

Tbe collapse features range in atze fro. .. all ainka to depressiona 

many •ilea long. Indeed, the present course of the Pecoa River was 

probably dete~ined by a train of coalesced Pleiltocene ainka captured 

by aoheadward-working tributary of the Rio Grande (Horaan and Sayre, 

1942, p. 37). Other conspicuoua expressiona of ground-water solution 

include the subaidence of the floor beneath the alluviwa of the 

Roawell-Arteaia baain to aa much aa 140 feet below the bedrock outlet of 

the baaia aouth of Arteaia ~oraan and Sayre, 1942, p. 37), the aeveral 

abrupt cbangea in flow in the Pecoa River within 20 •ilel north of 

Carlabad (Horaan and Sayre, 1942, p. 37), Haah Draw and Clayton Basin 

cloae to the potaab •inea eaat of Carlsbad, and San Si•on Sink aouthweat 

of Eunice. 
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Cl~te 

The cl~te of nearly the whole region ia ae•ia~id. The ave~aae 

annual precipitatigo raaaea froa about 12 to lJ inchea near the Pecoa 

liver and Jal to al•oat 16 tnchea at Kobba. In the Guadalupe 

Mouat&1na, precipitation rlaea to about 22 lnchea near the •~it. 

Moat preclpltatloa la from local tbuoderahowe~a that occur froa 

June to October. The variation in tha yearly total la larae. 

The relative bu.ldity in the reston 11 low. Wintera are •ild 

with little aaov, and au..erl are war•. The averaae July temperature 

near Carlabad ia a little over so• r. Windstor.a, .. tnly in the 

aprtna of tbe year, .. y be aeve~e. 

Iaduatry 

Mineral production in Eddy and Lea Countiea baa been nattooally 

alanlflcant, and, aa of 1967, Lea County ranked flrat in the State 

ln value of production. The petroleua, aa1, and potaah induatrlea 

have dominated tbe acoao.le1 of the two countlel for aeveral decadea. 

All yearly production valuea atven below are abltracted or derived 

fro. data ca.piled by Stotel•eyer (1~9). 

Production valuea of crude petroleua, natural aaa, natural-a•• 

liqulda, and oatuzal aaaoline totaled $72.4 all lion in 1961 in Eddy 

County. Of thia, $54.8 allllon was crude pet~oleu.. In Lea County, 
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the production value of crude petroleu• alone, laraely fro- the central 

and aouthern parte of the county, waa $247 million in 1967. 

The production ia aradually increaaina. Exploration ia active and 

la particularly apurred by increaalna de .. nd for natural aaa. Sanaer 

and Sault& (1971, p. 1039) 1 in dtacuaatna exploratioa to 1970 1a tbe 

dlatrict of Weat Texaa aDd eaatern Mew Mexico 1 atated that the 

Delaware baa in, " ••• nUl in the early ataaea of ita exploratory 

hlatory. contloued to be very active aad to have the areateat potential ••. 

Deep a•• reaervea fro. Devonian tbrouah Ordovician (Ellenburaer) 

continue to be of prille coneideratton.u 

The potaah •lnea eaat of Carlabad are the principal aource of 

potaab available within the United Statea aDd coaatitute all of the 

production in Mew Mexico. The total value of potaah produced a lace 

1932 ia $1.7S billion. In 1966, the value wa1 well over $100 •illioa 

(Stotel .. yer, 1969). Since then, foreign co.petttion baa areatly 

reduced production, and aome •iDea are cloaed. Decline in tbe toduatry 

reaulted in reduction in the population of Carlabad fro. 2S,SOO in 1960 

to an eatiaated 20,500 in 1972 (Rand McNally and Co., 1972). Larae 

reaervea of potaah re.atn, and the future of the induatry ••••• to 

depend on de .. nd, which ta influenced areatly by the exteat of foretau 

co.petition. 



A&riculture over .oat of thia dry region conaiata aolely of the 

arazina of cattle and aheep. Irri&ated farma concentrMled along the 

Pecoa liver aear Artaata and aouth of Carlabad account for a larae 

part of the total aaricultural income. There i1 dry farmin& on the 

Hlah Plain•. 

Touriat dollara are an important part of the local economy. 

C&rlabad Cavern&, White Sanda, and other nearby natural feature& draw 

.. ny tbouaaoda to the area each year. 

Acceaa 

Tha vicinity of the potaah ainea ta readily acceaaible by hi&hway. 

railroad freiaht 1 aDd acbeduled air aervice. The ainea are aerved by 

hard-aurfaca State or federal hiabwaya that provide eaay year-round 

acceaa fro. Carlabad. Federal hiahwaya extend fro. Carlabad ta 

aeveral directioaa. Spur 11aea of the Santa Fe Railroad aerve the •ines, 

coanectiaa via Carlabad with the .. in line at Clovia, N. Hex •• about 

180 ailee to the northeaat. Carlabad baa acheduled air aervice to 

El Paao, Albuquerque, and Dallaa-Pt. Worth via Texaa International 

Air linea. 

STRATtGIIAPHY 

The potaab ainea in aoutheaatern Hew Mexico (fig. 1) are in an 

area of great atratiaraphic aignificance. Sedimentary depoaita ranging 
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in age from Ordovician to Quaternary attain total thickneaaea exceeding 

20,000 feet, The area includes the northern end of the Delaware baain, 

a Late Permian depoattional trouah with Pennaylvanian aod earlier Peraian 

antecedent&. The edge .of the baain ia comaonly defined aa the front of 

the laraely buried C&pitan aeef. Aa auch aa ll,OOO feet of Peratan 

atrata waa depoaited within the area of the baatn, wbtcb conatitutea the 

aoat complete aucceasion of the Peraian in North A.erica, The oldeat 

rocks exposed in the area are of Late Peraian aae, but drillin& baa 

provided abundant infor .. tion on &till older rock&. 

The text that follow& ia largely liaited to brief diacusaiona of 

aedimentary environments, arose thickneaaea, relatione between 

atratiaraphic unite, and occurrence& of petroleu•. Lithologic deacriptioaa 

and thickneaaea of individual unit& are abown on the accoapanyina 

illuatratiaa.. 

Precambrian basement 

The depth of the Precambrian baaa.ent ranaea fro. aa little aa 

7,000-8,000 feet below the aurface in the northweatern corner of the 

area and easternmost Lea County to more than 20,000 feet in aouthernmost 

Lea County. Drill data fro. acattered localitiea indicate that the 

baaement consist& of granitic, metaaedimentary, metavolcanic, and 

volcanic rocka (Plawn. 19S4 and 19S6, p. 2S-29; Hayea, 1964, p. 5; 

Poater and Stipp, 1961, p. 17, 19-29). The Precambrian rock& are 
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generally overlain by Ordovician strata that lapped northvaatward 

onto a poattive area to northern New Mexico and Colorado. Locally, 

near the eaatern boundary of Lea County, late Paleozoic uplift 

cau&ed eroaion of all older Paleozoic rocka, and Permian strata lie 

directly on baa..-nt. 

Pre-Per•ian Paleosotc deposition 

fro. Ordovician throuah Pennsylvanian t'-e, .. rtn~ aedimenta 

accu.ulated alowly but fairly contiuuoualy in the aoutheaatern corner 

of New Mexico. Depoattion waa to and .. rsinal to broad, nearly flat, 

aubatdtna baaina that were northerD ar•• of the Ouachita trough. Th18 

trouah paaaed tbrouab Oklaha.a and central and trans-Pecoa Texa1 and 

connected with open aea in the vicinity of the preaent aulf coaat or 

the coaat of aoutbern California. In Early Pennsylvanian tt.e, the 

initial riae of a •edtan rid&• that waa to be known aa the central ba1tn 

platfor• of Pe~tan t'-e (fia. 1) divided an earlier very wide baain 

into the ance1tral Delaware baain and the Midland baatn farther eaat. 

The varioua Paleozoic baatna were areaa of eepectally active aublidence 

whoae aurfacea were aenerally lower than thoee on the more &table 

ahelvea, platfor.a, or archea boundtna them. Total deposition waa 

thickeat in the central part of the Delaware baain where eubaid•nce waa 

&reateat, but the depoaita of ao.e tbae 1nte~~•l•, notably the 

Pennaylvanian Period, were thtcke•t on the .arsin•. 
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The total thicknesa of the pre-Per•ian aed~entary rock& i& 

5,000-S,SOO feet in the Lamediate vicinity of the potash •inea. The 

rocka thicken aoutheaatward to .ore than 7,000 feet in aouthern 

Lea County and thin northweatwerd to about l,JOO feet near the •iddle 

of the northern edge of Eddy County. The rocka are predoainantly 

&hale and carbonatee (fig. 2). loc~ of Kiaaiaaippian and 

Penoaylvanien aae are da.ioantly ahale in the central part& of the baaina 

of depoaition and carbonate• alona the edgea. Middle Ordovician and 

Lower Pennaylvani&n aandatooea a few hundred feet thick occur in the 

vicinity of the potaah •inea and the Gnome aite. 

locka of Ordovician, Silurian-Devonian, and Pennaylvanian aae 

for. ~portent petroleu. reaervolra beneath the central baain platfor• 

and the northweat abel£ (fig. 1). Production fro. rocka of theae agea 

in the northern Delaware baain ia widely acattered and intereat ia 

increaaing in deep exploratory drilling there. 

Per•ian deposition 

Wolfcampian. Leonardian. end Guadalupian Seriea.--Over a lara• area 

in the general vicinity of Cerlabad, the total thickneaa of the 

Wolfcampian, Leonardian, and Guadalupian Seriea ia 8,000-9,000 feet, 

The aection thin& gradually northward froa the •inea. The rock& are 

noted for remarkably ca.plex lateral change& in factea. 
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the aubaldence that defined tbe anceat~al Delawa~e baain ln 

Pennaylvanian t~ accelerated in Early P•r•ian Wolfcampian time and 

continued at a hi&h rate throuah G~dalupian tLDe. Durin& •uch of 

thia interval. the baain extea4ed a few tens of •ilea nortbweat of 

the late Guadalupian l~ita defined by the Capitan reef of that aae. 

The aubaidina baatn waa covered to varytna deptba by martae wat~r and 

received depoaita of abala, fine•arataed aandatone, and dark-colored 

lt.eatooe. The rock colu.a for tbta interval (fia. 2) ta repreaentative 

of the type of depoaitton in the northern part of the baatn. Li&ht-colored 

ahallow-water carbonatee aenerally bounded the baata on the ahelvea to 

the weat and aortb 1 and the platfor• to the eaat. Reefa or bank• of 

leaa coheatve akelatal .. tertal very com.only coapoaed the baatavard 

edaea of theae carboaatea (fta. l), and aub .. rine talua for.ed ateep 

alopet deaceadtaa to t~ floor of the baaln. Aa the reefa arev upward, 

aa.e alao arew baainward, overrldtna their talua. 

Cloae bebiad the reefa and baaka, the conte•poraneouf ahelf rocka 

(fia. 3) conaiat of bedded dolo.ita, aubordinate a.ounta of lbaeatone, 

ahale, and J&ndatone, and locally a little anhydrite. Tbe aradational 

contact bet~een abelf aDd reef faciea, .like that between reef and baaln 

fac1et, cu..only tranaecta baddina aa lt rtsea ln the aectlon 

~aainward. Farther back of the reafa, the dolo.ite of the upper part of 

the Cuadalupian Seriea (the Artesia Croup) and, to .uch leaa extent. 

that of the lower Cuadalupian and Leonardian Seriea tenda to atve way 

lncreaatnaly to anhydrite, formed in aballow evaporative laaoonl. 
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The reefa bounding the northern edge of the Delaware baain 

prosreaaed fro. • po51t!on north of the pre•ent pota5h •1nea 1 tn 

Leonardian and early Guadaluplan t~e, to a po&ltion within the •lnl~ 

area in late Guadaluplan t~e (fta. 3). Elaewhere on the .araina of 

tbe baain there waa a a~llar baainvard proareaaton. At the end of 

Guadaluptan time, the Capitan &eef al.o•t caapletely encircled tbe 

baain, reatrlctlna aouthern acceaa to the aea and aettina the ataae 

for baatnal evaporite depoaltlon. 

The nortbweat ahelf, north of the Delaware baain, and the ~eotr• 

beain platfor•, eaat of the baain, have been important producer& of 

petroleu. froa Per•ian rocka. Extenaive poole in aandatOGe and 

carbonate& of the Arteaia Group and the San Andrea Por .. tlon are 

concentrated in a belt Laaediately above &ad behtad the burled Caplt1 

Reef, but there baa been aiantficant production fr~ al•oat all part1 

of the Wolfc•pian, Leonardian, and Guadaluplan aection in varloua a: 

OD the abelf and platfor•. Eatabllahed poola wltbiD the northern 

Delaware baain are •ore scattered and are principally to aandatonea 1 

the Delaware Mountain Group. 

Ochoan Serlea.·-The floor of the Delaware baain in early Ochoar 

ttme t• aeoer•lly e•ttm.ted to have been at leaat 1~200 feet below 1 

top of the Capitan leef, which •l•o•t encircled lt. While .. ny 

hundred& of feet of Caatile For .. tion evaporite& acc~l&ted in the 
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basin, appa~ently little accumulated in the reef and back•reef areaa. 

P~obably rather late in Caatile t'-e, the basin was filled to the extent 

that a thin tonaue of aobydrlta extended locally acroas the boundina 

reef and onto the abelf. The upperaost part of the Caatile 

intertonauea reefvard into baaal halite of the Salado For•ation (Jonea, 

1954, p. 108-109; Jooea and Hadaen, 1968, pl. 2). 

The Salado Formation ia one of the principal depoaita of halite 

on the North Aaericaa contiftent. It overlies the Caatile cooformably 

in the DelawaT& baaln aDd axtenda over the Capitan Reef to tbe no~tb 

and eaat, far beyond the l~tta of the area here deacrtbed. Whether 

the Salado once extended waat of the baatn ta unknown. The Salado 

1ea wa1,tn aeneral,even •ore aaliRe than the aea of Caattle t~e. 

Lacktna a 1hteld of carboaate reefa, tt received, however, conatder&ble 

fine claattc aedt.ent. lt• halite depoaita are aenerally leaa pure 

than tboaa of tha Caatila. 

After wtdeapread depoaiti~ of the Salado aalt, the sea water 

freahened aa.evbat, and anhydrite aaain daatnated depoattion durtna 

luatler t~e (table 1). The Ruatler for .. tton ia very largely 

coexteM1ve with the Salado ln tb.ta ~cea. la. the aubaucface of the 

northern Delaware baatn aad of the abel£ to the north, the Ruatler 

appeara to be confor.abla to the Salado (Jonea, 1954, p. 110; 1960, 

p. 12), fro. which tt ia commonly aeparated by a layer of aolution 

breccia, diacuaaed later in this report. 
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ta~le l.••Gener&lize4 ~ection of rocka aad aedt.enta of lataat Permiaa Cpoat•Saladol and younser 
age in the ~orthern Delaware baain and on ita nortberp and ... tern !!£line 

Seriea 

Holocene Dune aand, 
alluvium, 
playa 
deposita, 
and 
traverti.D.e 

Tbtclmeaa 
(feet) 

0·300 
'"'._..~., 

Li&ht-browu to pale· 
reddi&b•brown par· 
tially atabilized 
fine• ~o .ediu.­
grained duae aarul. 
Alluvial aand, a1lt, 
and aravel. Playa 
depoaitl of .alnly 
reworked alluvium 
and dUDe a&Dd. 
Travertine aa 
apriA& depoaita. 

Vartatiou ta 
th1cka.eaa and. 
d.:Latributioo 

DuAe aand., u auch aa 
60 feet thick, die• 
coatinuoualy cover• 
tng euch of area be• 
tween Pecoa River and 
Hi&h Plains. Thick 
alluvium l~ited to 
vicinity of river1. 

~---------+-------------+----------~-----uuconformitY-----4---------------------

Quaurut-y 

Ple11to• 
eene(7) 

------L----

Gatuna 0·300 

Mainly raclcUab·oranae 
or pale-red very 
fiDe to eecli..­
graiaed aalld. and 
ailt. Loc:&lly &OIH 

aravel &Dd clay aDd, 
unco..only, aypaWD 
&Dei freah•vater 
Uaeatoae. le4d.iq 
ca.aonly obacure 
&lld cU.acDILtilwoua. 
Kaotl7 ~pod h7 
cal icbe. Local 
hi&h po....eU1ty. 

Diacoattmuoua and hi&h­
ly variable in thiek­
Qeaa '"'111' larse area 
aoutbveat of High 
Pl&tDI and .. inly 
•aat of Peco1 RiveT, 
1n Eddy County and 
probably Lea County. 
Moatly leaa than 
lDD feet thick. 

~------------.Jl. __________ l_ ____ ~,Gcoaforaity-----~-----------------------



TahJ~ J.--Cen•raJ1•~~ a•:tton of roek1 aad aed~rta of latest PeraiaD Cpoat•Saladol arA younser 
asc 1" the northern Delaware ba11n and on ita norther& and eaatern .. reini••Continued 

Syneaa £etiea F OnDI. t ion l'hickDeaa Deacription VariatiODI in 
(feet) thickDeaa and 

diatrlbution 

Chiefly wbite, aray, UDderliea Bi&b Plain• 
aad raddiah•brova aad .ucb of Lea County 
ftne-arained aaDd, farther aouth. Pro• 
vhlcb locally baa bably abaent from Eddy 

Tertiary Pliocene Oaallala 0-300 c:alcite c-ant. County except for 
Subordi.Date aravel, northaaat corner. 
aUt, ud clay. 
Lenticular, diacon-
ttnuoua beGd.tna. 
Mal.llly capped vltb 
caliche. Hlably 
peraaeable. 

llCODfOtlai., 

&eddiab•brown ud Tbickeat in aaatern 
areeniab•gray clay• L~• County; eroaion• 
1 tOIM aad aubor• ally thinned weat• 

Triassic Upper 
diaate aaounta of ward to wedge out 

Chinle(?) 0-1,200 
Tri&aaic 

reddiah•brown ailt· near eaatern edae of 
atoa.e and fiDe- iddy County. 
&rained landltODe. 
Soee aecondary 
IYPIIDo Low per-
••ability. 

-~~- -·-----



table 1.-·Generalized tection of rock8 and aedt.enta of lateat Permian Cpott•Sal&do) and yoUftSer 
ase in the northern Delaware baain Ad on itl northern aDd eaatern -rgina••COiltinued 

Syatn. Seriea Foru.tion Thickneu Deacription Varlatiaa.. in 
(foot) thickD.eaa aDd 

diatribution 

Mainly pale•reddilh• Abaent near and weat 
brown, pale-red of Pecos River and 
and aray fine- to loc:ally farther ea&t. 
Hciiuaa-arailled 
co.aonly croaa• 

triauic Upper Santa Rota 0·300 atratUied .. Jid .. 
tri&aaic I tone. Lenae1 of 

pebble conglo.er• 
ate. Local thin 
layer• of reddiah-
brovu liltatoee 
and cl&yatone. 
Ri&h local per.ea-
biUty, 

coa.forait" 

~eddith-oranae to Hoinly 200·300 feet 
recicU.!h•brown fiDe- thick in vicinity of 
&rained IADdltODe, GD.OIIe aite uui pot-
liltltooe, azul uh ainea; locally 
abale., SaDilatone abaent. Thinl ara-

Permian Ochoan Devey Lake 0·400 !Dd ailtataae are dually northward. 
Redbeda co..only clayey. Abaent welt of Pecos 

ThiD l•hwtion l.iver. 
and ... u-aeale 
croa• l .. iaation 
C~OD. Per.aa• 
bility aenerally 
low. 



Table l.--C•n~altaed •ect1on pf rock• and eed1•ent• of latest Peratan <poa~·Salado) &ed younser 
ase 1n the northern Del•vare ba•ln and OD 1§• D~tbers and ••starg .. rat&•··Cont~ued 

Syatem Seriea Por.a~iOD Tbicka.aaa Deacription Variation& in 
(foot) tbicklleaa aad 

cU.atributiOD 

Mootly aabydrlte. ThiDa very ar.Oually 
Cou:l.derable Mlt, DOrtbvard. Tlllck-
ca..aaly ailty or nea1 ranae• from 
clayey, occurriq: 200 to 100 feet in 
1D central part of vicinity of G'DOIH: 
Delaware bali.D ad lite ADd ataea due 
tenda to leaa out to variable 1ub-

Permian Oeboan l.uatler o-soo at aaraiu. Tvo aurface aolution, 
dolomite layer1, a vhicb i.D.creuea 
bual a&Ddltoo.e, veatvard. 
aDd aeveral th:l.lmer 
layer• of fine 
cl&ltic• are wide• 
lpre&d. Malo 
aquifer in Carl1bad 
arM. 
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The luatler repretent& the laat Permian aallne aea and the upper 

layer of a remarkAble aequeoce of pred~Laantly evaporite rock of Ochoaa 

age. the entire aequence 11 &I auch •• 3,SOO feet thick in the northera 

part of the baain. The thickaeta drop& rapidly to about 1,500 feet on 

the ahelf near the northern potaah •lnaa aa4 decreaaea aore aradually 

farther north. 

After the aea withdrew, the Devey Lake Redbeda were dapoalted on 

broad audflata over the fo~er aea bad~ The appearance of .. dtua•acale 

croaa t .. ~tlon in aaody lenaee in tba upper part of the tor .. tlon 

probably lndicatea a aradual chana• to fluvial coadtttonc (Vtne, 1963, 

p. 23) aa the final epiaode in the lona co.plax hlatory of the rer.laa 

depoattlon. 

Except for doloaite aod aandatone layera in the l~atler Por .. tloa, 

the Dchoan Se~tee senerally hal !•rr low per.eabtltty. The little oil 

produced fro. lower Ochoan evaporltee apparently eaeaped fro. 

uaderlytaa aan4atone (Ad .. ,, 196S, p. 2148). 

Trifttlc aad Cretaceout depotttioq 

Fluvial depoettlou reau.e4 1ft Late Trtaaatc tt .. , wben the Santa 

Ro.a Sand1tone and the fiaer araiaed redbed! of tbe Cblale(1) Por .. tl~ 

for .. d on flood plalna 1n a very larae area over aDd beyoad the 

border• of the Delaware baain. The Juraaait Period ia not repreaeate~ 

by depoaition in tbi1 reaioo and vaa a t~e of aroatonal re•av•l of 

Trlaaalc rocka weat of the baaln. 
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Late in Early Cretaceoua t~e. a &ball~ &ea advanced from the 

aouth and covered aoutheaatern New Mexico. It soon withdrew leavin& 

behind a thin depoait of 1'-estone and sandstone. The only remnanta 

of thia depoait in the vicinity of the northern Delaware basin are 

in very ... 11 araaa in aaatera.oat Lea County, in the weatern Gypaua 

Hilla, aad parbapl on the creat of the ~eef £acarp•ent (Hayes. 1964. 

p. 38). 

Tertifry agd Quaternary depoaitiOG 

No early or •lddla Tertiary dapoaita are known to be preaent in 

the reaton. Cratacaoua depoaitioa W&l followed by broad uplift in 

the vicinity of tbe Guadalupe Mountala. and farther north and by 

eroalon of Crataceoua aad Trlaaaic rocka to for• a aurface of low 

relief aloptna aaatly aaat and aoutheaat. In Pltocena ti.e 1 thia 

aurfaca eataoded fro. uear or with~ the preaeut Guadalupe Kountaia 

area and fro. the uplaada north of that area aoutheaatward into Texaa. 

It waa .. atlad by the fluvial Oaallala For .. tlon. wboae upper aurface 

of depoattion ia fairly wall praaerved on the Hi&h Platna today. 

There are no definite re.aanta of the Oaallala weat of aaatera.oat 

Eddy County. but aravela in the Pecoa valley and on hl&h parta of the 

Guadalupe Mountaiaa have been interpreted aa belonatna to thla 

tor .. tlon (Bretz and Rorbara. 1949). 

Holt &uthora believe that the Pecoa valley waa for .. d in 

~uaternary t~. after Oaallala depoaition. Solution aubatdence 1 the 
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coale1clna of aolutlon depreaaiona by surface eroalon and further 

aolution, and headward eroaion by the feeoa &1ver aQd ita tributaries 

contributed to the formation of the valley. After •ucb eroaion, a 

period of •aaradattoo in the valley .. ntled the alopea and filled 

depreaalona with the Gatuna for .. tlon. whose aadt.ent ia laraely of 

local o~isin. Renewed dowacutttna by atrea .. and •~b•~rface •olutioa 

and reault&nt aubaldence have conttnued to the preaent aad have 

been accoapaated by lnteraitteat local accuaulattoaa of pedt .. nt aad 

terrace alluvlu. and playa depoalta. 

&TI.UCTUIIII 

General featurea 

the rocka in the aeneral vicinity of the potaab •toea (fi&. 1) 

are for the aoat part littla defor.ed, and the~ have beaa tectonically 

atable atnce Tertiary t~e. the prtnclp&l etructur&l unite are broad 

feacurea related to late ¥&leozoic aed~ntltion: the northern 

Delaware baaln 1 the ahelf north and weat of the baaln, and the central 

b&ain platfo~ to tbe eaet (fla. 1). The ... 11 part of the Guadalupe 

Houotalna included in the area. thouab topoaraphlcally blah. le 

•tructurally pe~t of tbe ebelf. Tbe .. joe atructurea wer• tilted 

aently eastward .. inly d~rin& pre•Pltocene t~e. Tbe tilt produced 

a aeneral eaatward dip of no aore· than 2• Uta,r·~A-·~4 .,S). 
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Delaware basin 

the Delaware baain waa firat defined ln Early Peanaylvanlan t~. 

vhea co earlier very broad baain waa divided by initial uplift of a 

lara• .. dtaa ridge that baca.a the central baaln platfora of Peralaa 

tt... Tbe baain aubatded relative to tbe bouadina plat for• aad 

lhalf until Lata Peraiao t~e, wban ita hl1tory aa an active atructurl 

feature ended. 

the fo~ of the northern part of tba baaln, aa daflfted by 

contour& on the aurfaca of the Prec-.brian floor (Poatar and Stipp, 

1961), tea broad aa,.aetrical trouah, trendtna aortb aDd pluaaina 

Iouth. The axil il in central Lea County, roughly parallel to the 

central baa1D platfor.. The eaatern elope of tbe trouah r11e1 rapidl 

to the platfor•, whereaa the weatera alope ia auch aentler. 

Aa in any aradually tubaidina baaln, the older aad'-entt are 

downwarped 1o a fora like that of the baae~aent floor, and the warpin1 

diea out upward in the baain 1ectlon (fla. 4A). The Late Permian 

Ocboaa rocka aod the Trtaaaic rocka expoaed in the baain today do nol 

reflect baalawlde warplna. and their .ajor atructural feature ta the 

reaiOB&l eaatward elope mentioned above. Thil elope 1a 75-100 feet 

per •lle tn proxL.ity to the Gao.e alte and the aouthera potaah •lne 

Diaruption of the reatoaal elope of the Ochoaa aod younaer rock 

h •tnor. The v.iciatty of the Gao.. aite •nd the aoucbera •inea il 
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apparently repreaentative in ita acattering of open folda, do.eat and 

a.all faultlt which .. y be, in part, of tectonic oriain. Deep•aeated 

faulta vitb •ore than 20 feat of vertical displacement are rare if 

not abaent there (Jonea, 1960, p. 16). Near the weatern edge of tbe 

baain and tba preaent upper courae of the Black River, CenoKoic 

tectoni•• .. y be tDvolved in a northweat•trendina aonoclinal flexure. 

Kelley (197lt pl. 5) ahoved 600 feet of relief acroaa thia •onocline 

on the upper aurface of the Bell Canyon Formation. Several ainor 

hi&h-anale faulta cuttiaa the Caatile Poraation in the aa .. part of 

the baain and two taferred faulta at the northweatern edae of the 

baain (Kelley, 1971, p. 48-51) are aoat probably producta of aolution 

aubaidence. Subaurfaee aolution baa produced .any other ainor faulta 

and nuaeroua local flexurea in the near-aurface rocket aa well aa the 

.. ny ainke and laraer dapreaaiona. In addition, aaall aurficial 

domea that are attributed to differential aolution of aelt or to 

expanaion of anhydrite durina hydration are nuaeroua (Vine, 1960). 

The aenerelly abaple aurfece atructure of the beain ia doubtleaa 

aa.ewhat deceptive. A fault zone in the Guadalupe Hountaina .. y have 

extended aoutheaatverd toto the we,tern edae of the baain, below 

the younger •onocli~ deacribed above, end .. y have been active durin& 

Hiaaiaaippian to Early Peraian t~e (Hayea, 1964, p. 42). Penn1ylvanian 

deformation, for which there ia wldeapread evidence in eaatern Hew 
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Mexico and western Texas, may be repreaented elsewhere in the aubaurfac~ 

and rapid Early Permian aubaidence of the buin wa& accompanied by 

wideapread block faulttn, within it (Ad .. a 1 1965 1 p, 2144). 

Nol"thwelt &helf 

The regional atructural alope in that part of the ahelf north 

and weat of the Delaware baaln (fl&. 1) la aa •uch aa 200 feet 

per •lla 1o the Guadalupe Mountain& aod aanerally no •ore than 

100 feet farther eaat. In the vtctnlty of the northern potaah •lnea, 

tbla elope 1& interrupted locally by minor d~a. folda 1 •onoclinal 

flexure&, and fault& a~tlar to atructural feature& deacrlbed near 

the aouthern mlnea. A difference here ia that aoae of the da.ea are 

probably of depoaiti~l orisin 1 reaulttna fro. trreaularttiea to 

Guadaluplan carbonate depoaitlon (Motta, 1972). Howbere 1 here or 

near the aoutbern mlnea, are there. "atrong or well-defined zonea of 

folding or faultlna repreaentiog reaponae to caapreaaive or tenatooal 

force&" (Jonea and Madaen, 1968, p. 9). 

Beyond the vicinity of the alnea, the ahelf north of the baain 

include& a few more atronaly expreaaed atructural featuraa. 

Several ailea northweat of Arteata, a burled northeaat-trendina fault 1 

offaettlng Upper Per•ian rocka alona a dlatance of about lO •!leap 11 

probably part of a prominent aet of northeaat~trendtna ahear zonea th•t 

extend& far to the north. Movement oo theae &onea waa initiated in 

Carbonlferou• or earlier time and .. y have been baatcally rtaht 
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lateral (~elley. 1971. p. 44-48). Another buried member of tbla aet 

.ay paaa ~diately aoutheast of Lake HtMillan (Roswell Geoloaical 

Society. 1968. fta. 9). A lona low ea•t·trendtns arch in Late Per•ian 

roeka the Atteata•Vacuua atch, paeeee a little aouth of Artesia. It 

ia at leaat laraely the product of differential compaction over the 

Abo Reef of Early Per•ian aae. 

In the part of the Guadalupe Houat&iAa included in the area 

dt1cu1aad, .onocllnel aad fold& are the prominent ltructurea. A 

buried broad fold or &reb of Leonardian aad early Guadalupian age 

tread& northeaat a little behind the preeent ae~f &ac&rpaent (Kayea 1 

1964, p. 42-43). It apparently controlled the location of arowth 

of the Goat Seep and Capitan leefa. Much later, probably duriGJ 

Tertiary t~, .anocllaal fle~ln& coatrlbuted to tbe baainward dipa 

in the Late Par•t.n rocka of the eacarpmedt. Other folda. on the 

rtdae abO¥& tbe &IC&r,..nt and alao about 12 •ilea weat of Carlabad, 

are of early tertiary or perhapa older •a•~ 

Other thaa •1nor aurfictal dafor.atioa related to aolutioo aod 

hydrattoa of evaporitea, the eattre abel£ in thta area appear• to have 

been &table 1.a. Quateru.ry t 1ae ~ 

Central basin elatfor• 

The central ~aeia platfor•. whoee weatern adae ta included ta 

the area dt•cuaaed here. hae aa eventful hletory tnvolvtna .ore 

1ntenae defor .. ttoo than that of the baain aad lhelf .. 



In latest Mississippian or Early Pennsylvanian time. the area 

was defor.ed to an elevated e.eraent fold belt, trendtna north-northwest. 

The belt .. y have bean bounded by·bt&h-anale faults and .. y have a 

horst structure (Ad .. a, 1965 1 p. 2143). After aubmeraence and 

deposition in Middle and part of Late Penoeylvanian t~e. renewed 

oroaeny further elevated the area and "sharpened. C:OIIprelaed, and 

faulted the folds" (HUh. 1963, p. 1717-1118). Uplift continues 

atroaaly throuah Wolfcaaplan tt.e aDd then slowed. Since filllaa of 

the Midland and Delaware baaina iD Late Pe~ian t~. the platfor• baa 

been structurally stable. 

GEOLOGY OF SALT DEFOSITS•·OCHOAB SEIIES 

All the aalt deposita tn the Carlsbad potaab area are in the 

Ocboan Series of Late Per•ian aae. The Ocboao conaiata entirely of 

aed'--ntary rockl, but it baa two distinct parts·-• thick lower sectioa 

of aalt•bearina evaporites aod a thin upper section of red beds. The 

lower lectiQo include•, in aaceadina order, the Castile. Salado. and 

Rultler for_.ttoos, whereas the upper section conatats entirely of 

the Dewey ~ke Redbeds. The Castile Poraatioo la coafined to the 

Delaware ba•tn 1D the southern half of the potash area and 11 known 

only in the subsurface (fla. 4A). The three younaer for .. tlona for• 

the pre-Quaternary bedrock across the areateat part of the area 
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(fia. 4) and·, althouah they are laraely covered by extenaive dune 

aand, caliche, and alluvial depoaltl, they are well known fro. the 

couatleaa boreholea drilled 1n exploration for potaaaiu• aalta and 

petroleu•. 

lxpoaurea of Ochoan evaporite& ta the potaah area are exceedin&lY 

poor for atrattaraphic atudiea or any other inveatiaattona requiring 

prectae kaovledae of tha ca.poaition, aedimentary atructurea, or 

thickoeaa of the three evaporite for .. tlona. Thia ia true becauae of 

the coaaiderable lithic aDd acructural chana•• that have accoapanied 

extenaive evaporite aolutloo and re.oval by •eteoric wacera. Solution 

of halite aad other readily aoluble aalta baa been coaplete to depthl 

of aeveral buadred feet, aad all anhydrite and other aoluble calcium 

aalta b&ve been weathered to aypau.. The reaoval of aoluble aalta 

baa raaulted to • areat reduction of formation thtckneaaea and in 

auch aubaideace and acco.panytaa brecciation of all reaidual IYP•~ 

and ovarlyta& depollta~ Cooaequently, the entire area of evaporite 

outcrop 1a in reality a "reaoUth" liberally dented and creaaed by 

nuaeroua ainka, fiaaurea, and linear aolutton valleya. 

Caatile For .. tion 

The lawer pare of tba Ochoao Seriea ia repreaented in the Carlabad 

potaah area by the Caatlle Por .. tion. The Caatile was aaaed and 



defined by Richard&on (1904. p. 43) to include &everal hundred feet of 

aypaua that overllea the Bell Canyon For.ation and underlie& the 

Ruatler For•ation at the aurface in the veatern part of the Delaware 

baain. Somewhat later. the interval repreaented by aypaua at the 

aurface vaa found by drillin& to conaiat of a much laraer ae,uence of 

evaporite& 1n the aubaurface. including .aatly anhydrite in the lover 

parta of tba evaporite aequence and moatly rock aalt in the upper 

part. For a t'-e the two parte of the evaporite aequence were claaaed 

aa lower anO upper aembera of the Caatile. but they were conaidered 

to be aeparate for.ationa. Finally. Lana (193)) reatricted the na.e 

C&atile to the lower part of the aequence and applied the na .. Salado 

to the upper part. leaionally. the criterion moat co..only uaed to 

differentiate one for .. tion from the other ia the predo.inance of 

anhydrite in the Caatile and the predo.inance of halite iD the Salado. 

The Caatile For .. tion underlie& the aouthern half of the potaah 

area at deptha ranatna fro. about SOO feet ln the veat to al.oat 

3.200 feet in the eaat. The neareat outcrop& of the formation ere in 

the Gypau• Hilla in southern Eddy County. N.Mex •• about 16 •ilea 

aoutbveat of the potaah area. ln that area the Caatile cooaiata of 

1nterlaminated white aypaua and dark-brovniah-gray ·~•tone and 

ao .. la•inated browniah-arey 11•eatone and a little brown doloaite. 

Hear the center of the Gypau• Hilla the for .. tion dipa beneath the 

Salado For.-tion and &Jplua aivea way to anhydrite in the aubaurf•ce. 
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la the aubaurface of the Carlabad pota&b area, the Caatile 

For.,tioa ia readily div111bla into three tafor .. l •edhera. The 

tripartite aubdtvitioa iocludea a lower and an upper anhydrite •e.ber 

leparated by a tbick 1alt ...bet (fta. 4A). The three •e.bera are 

d1at1octive, are coafor.able, aad conatitute laterally peraiatent 

rock uoita 1a the potaah area aod over wide aectiona of the Delaware 

baa in. Mur the urala. of the baala., however, tbt three -.IIbera 

.. rae into a aiaala vadaellke .... of an~ydrite that rapidly thin• 

to a narrow toaaue and exteadt acroaa the baain .. r&id for a few •ilea 

before thiuaiaa out 1D the aoutbern part of the oortbveat ahelf. 

Tbe lower aDhydrlte .-.ber of tbe Caatile Por .. tion aradat1ooally 

overlie• the lell Canyon for.,tioo in tbe Delaware ba1in, but 

overlap• the Capitan L~ttone alona the .. raiD of the batia. Within 

the area of overlap,. the lower .-ber of the CaatUe b preau..ed to 

die out abruptly, ln part by pinchout aaalnat tbe Capitan L~atooa and 

in part by lateral aradatioa into l .. inated l~atoae that aradea in 

turn tato .. aatva l~ltoae of the Capitan. The .eabar ranaea in 

tbickoaaa fro. 210 to 230 feet in the aouthefn parta of the potaab 

aret, but tbtckaoa northward and attains thickneaaea of 320-380 feet 

a abort diatance fro. the overlap of the Capitan L'-eatone. The 

pradoainant rock ln the ... ber 11 1aterl .. inated &tay anhydrite and 

~rownltb-aray lt.eatone. A few beda of dark-aray and brownlah-aray 

lt.eatoae, • few taches to several feet thick, are peraiateat to the 

lower and •iddle parta of the •ember; •a.e are practically of baatnwtde 

extent,. 
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The •iddle aembe~ of the Caatile Formation ia a salt•rich lentil 

that for•• a wideapre&d, lltholostcally dlatlnct atrattarapblc aarker. 

The .. .ber la 550-100 feet thick in the eouthern part of the Carlabad 

potaah area, but thicken• northward aDd attalna tbickneaaea of 

800•1,000 feet alons a broad 2- to 3-•ile•wide belt that parallel• th 

.. rain of tbe Del.ware baatD. North of tbta belt, the .. .bar 

ter•toatea, in part by lateral aradation to anhydrite and iQ part 

by lntertonautna with aabydrlte (fia. 4A). The ..-bar la predaainant 

rock aalt. but it coatatne thin to thick layere of taterlaalaatad 

aabydrite•lt.eatoaa roek. Tbe thtckeat of tbeae layera averaaea abou 

100 feet, aad it dtvidea the ...bar into tvo al.oat equally thick 

aalt bade. The lower of the two bade ie free of lnterla.iD&ted 

anhydrlte·l~eatoae layera, vbereaa the upper bed include& aevaral ol 

tbeaa layera, aa.e of wbicb are 2·5 feet thick. 

Tba upper .-.her of the Caettie ror .. tloa ie aa aabydrite•rtch 

unit that axhibtta the .oat lltboloatc co.plexlty. It conalata .. lDl 

of laterla.taated aahydrlte•liaeetoae; but .. eaive anhydrite aad roc• 

aalt are preeeat la appre~lable a.ouata and there are lae1er a.ouata 

of dola.lte aod .. aneaite. The .. .bar iaclu4ea a aortbw~d-tbloniD& 

tonaue of .. ,neaitlc anhydrite that overlepl the Capitan Lt.eatooa 

aloaa the .araia of the Delaware baein and extenda a few •ilea into 

the aortbweat abelf (fia. 4A). The .. in body of the .. ~er ie 
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700~800 feet thick in the louthern part of the potash area. bot thins 

northward and i1 a1 little as 150·300 feet thick in the areaa near 

the margin of the Delaware basin where the underlying 1alt member ia 

thickest. 

The Caatile Poraation i1 overlain by the Salado Formation. The 

contact between the two foraationa hal been conaidered to be an 

ansular unconfo~ity (Adami, 1944, p. 1608). Contrary to thil 

interpretation, aubaurface atudiea in the Carlabad potash area and 

elaewhere in the Delaware baain ahow that the upper beda of the Castile 

arade laterally into, and lPtertongue with, the lower beds of the 

Salado. In thia tran.itlooal aequeoce, the Castile iotertonauea with 

•~cceaaively older rocka of the Salado, cau1ing a aradual atratigraphic 

deacent 1D tbe top of the Caatile, which la retponaible for the decreaee 

ln the thickoeaa of tha upper ae.ber of the Cattile fro. about 800 feet 

in the aouthern part of the potaah area to about 150 feet and leaa in 

the central part of the area and then to 0 to the northern part. 

Salado fo~mation 

Conaiderable econoaic aignificanc~ ia attached to the Salado 

Foraatlon becauae it contain• the potaah deposita for which the 

Carlabad area ia well known aaong geologists. The deposits are the 

da.inant source of the potassium salta mined in the United Statea, 

and their wide extent auaaeata that they will maintain this ~•nking 
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for yeara to come. Depo&ita containing aylvite (KCl)--the .atn 

potaaaiu. •ineral of econa.ic ~portance--have been alned at 

11 localitiea (fi&. 1), but they underlie practically the entire 

eaatern half of the potaah area and extend eaatward beneath •uch of 

aoutbveatern Lea County, N. Hex. (fi&. 6). Tbe Salado alao contalna 

.. ny depoalta rich ln polyballte (K2ca2Ma(So4)4 •2Hz0] that are 

extenalve and widely dlatrlbuted but lack the ecoao.lc iaportanca 

of the aylvitlc depoalta. The polyhalltic aad aylvltlc depoalta are 

fairly '-portent ala•enta 1a the atratlarapby of the Salado ror .. tioo, 

and a lp&cial aectioa of thi1 report (appendix A) eu..arizae aa.e 

detail• of their diatribution and aeOloay. 

The Salado Fora&tioo, .... d by Lana (193S) 1 ia the oldaat 

unit lD the Ocboaa Serlea that crope out in the Carlaba4 potaab area. 

The .. tn expoaurea of the for .. tlon are near Lake Avalon. north of 

C&rlabad, H. Mex. Here the Salado ovarllea tba Tanaill for .. tioa 

and underlie• the Ruatler ror.ation, but the atrattarapbic ralatlona 

caaaot be deter•iaed poaitively fro. ax .. iaatlon of the outcrop. 

The Salado appeare to overlie the Tanalll Por .. tioa coafo~ly and 

to arade upward into the Ruatler For.atloo. The lower part of the 

Salado aradea laterally IOUtbward into the upper part of the C&atlle 

Por.atloa. The aradational coatact between the Salado and the 
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Castile riaea in atrattgraphtc position fro. north to 5outh and ta 

depicted achem&tically on the aeologtc atructure aecttoaa (Ita. 4A) 

Eaat of the outcrop, the Salado For .. tlon underllea the centrt 

part of the potaah area at deptba of 2SOe700 feet. In general, tb 

depth to the Salado tncreasea with diatance fro. the outcrop. aDd 

tt ta aa .uch •• 1.600 feet at the oortheaat corner of the area aa 

about 1,000 feet at the aoutheaat corQer. 

The Salado Fonaatlon ia characterized by thick peralatant un1 

of rock aalt alternatln& with thinner unlta of anhydrite and 

polybalita (fta. 7). Thin ..... of clayatoqe underlie virtually 

all the anhydrite and polyhaltte unite, and there are a few thia 

beda of aandatone and ailtatone at lona intervale. All the aahyd 

unltl and beda of claatic rocka are diatlnctlva .e~ara that eerv 

&I atratlJraphic .. rker bede; two are for .. lly na.ed rock unite. 

The wideapu:ad Cowden Anhydr Lte ~eaaber, u•ed for the llortb Cowde; 

oilfield in Ector County. Tex. (Gieaey aQd Fulk, 1941), liea 

90-200 feet above the Caatile Por.atlon. The Vaca Trlata Sandatc 

of Ad ... (1944) near the •lddle of the Salado ror .. tloD ia a 

quartz- aad clay-rich unit of fraa.antal rocka contraatina •harp; 

vtth adjacent beda of cryatalllae ~vaporite rocka. 

In expoaurea of the Salado For.atioo aloaa the veat aide of 

C.rlabad potaah area. all the aalt baa bean re.aved by aolutioo 4 
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the anhydrite and polyhalite have been altered to gypau.. The 

alteration of the evaporlte rocks extends to depths rangtn& fra. 

260 feet to al•oat 1,600 feet below the eurface and ta reaponeible 

for a fourfold to eixfold reduction in the thickness of that part of 

the Salado and for a chana• in ca.poaition from dominantly rock ealt 

in the aubaurface to do.inantly gypau. in the outcrop. The contact 

between the two bi&hly diaa~ilar parte of the for.ation, known 

locally aa the "bue of leached zone" and a lao aa the 11 top of ealt 1 " 

ta hiahly trreaular, with .. ny cloaed depraeaiona and isolated 

pinnacle& (fta. 8). The contact dipa aenerally eaatward but riaea in 

atrattarapbtc poaittoo fro. lhe baae of the Salado near the west 

aide of the potaeb area to the top of the foraation near the 

Eddy-Lea County line at the eaat aide of the area. The altitude of 

the contact ranaea fro. a blah of ali&htly .ore then 3,200 feet near 

the northwest corner of the area to a low of ali&htly leee than 

l,SOO feet at the aoutb edae of the area. 

The ... Lau. thickneea of the Salado Por.ation in the potaeh 

area ia eliahtly •ore than 2,000 feet in a northweatward-treodtna 

zone that parallel& the .. rain of the Delaware baein at the Eddy-Lea 

County line (fta. 9). The thtckneaa of the Salado decreases slowly 

aouthward within the baain, but diaintahea rather rapidly no.rthward 

and weatw&rd fru. the zone o·f •&xilllu. thicltneaa. The northward 
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reduction ia part of a broad pattern of reaional chanae in tbickneaa 

at or near the aouth edge of the no~thweat ahelf •~••, vbe~e-a the 

weatward reduction 1& rel-ted la~aely, if not entirely, to e~apo~ite 

aolutlon and removal by ·~tao~ic watera. Within the abelf &tea, 

local reduction& in thickneaa a~e ah&rp over pre-Salado knolls 

or "htgha11 ac the Getty, B•rber, Hallway, and other ... 11 otlttelda 

which appear aa doaal feature• on the atrueture .. p of aouthtaate~n 

Mev Mexico publiahed by Stipp aad Kalaler (1956). 

The Salado formation la divided into three inforaal unite: a 

lower aalt .ember, a potaab•ricb ~mber, known locally aa tht 

McNutt potaah zone, and an upper aalt ••~er (fts. 7). the three 

aeabera are conforeable, are laterally peratareot rock untta, aod 

are about equally rich in rock aalt, .anhydrite, polyhalite, uaneait1 

and claatic rotka. In fact, they are aenerally a~ilar in vlrtuall) 

all but one re1pect. The lower and upper .e.bera are alaoat entire] 

free of Aylvite and other potaaatua aod •oat .. aneaiua evaporite 

atnerala over aueh of the Carl»bad potaah •rea, whereaa the HcNutt 

zone ia aenerally rich in these •ln•r•l• over •ucb of the ar-• and 

contain& aeveral extenatve aylvlte•beartns potaah depoeita o( econo 

i•portance. Tbeae depoaita are the obvioua lltholoatc featute that 

aeta the McNutt potaab &one apart from the lower and upper •-.bera 

of the Salado and .ake• it a fairly natural atrAttarapblc untt. T~ 
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deposita are restricted to a few small group& of mineralized salt 

beda or ore zones which are scattered at irregular but fairly short 

interval• through parts of the McNutt zone (fig. 10). Nearly all 

the deposita in the McNutt zone are mineralogically complex and 

contain a boat of hydrous •inerala that are ther.ally reactive at 

fairlY low to .oderate temperatures (table 2). 

Ruftler Foraation 

The Rustler For .. tion, na.ed by Richardson (1904), ia the 

younaeat aalt•beartna unit in the Ochoan Series. The for.ation is 

.ainly exposed in inliers scattered irregularly through the central 

and weltern parte of the C&rlabad potash area. It is ove~lain by 

the Dewey Lake Redbeds. The contact between the two for•attons ta 

obscured in outcrops by slu.pia& and warpina due to evaporite 

hydration, solution, and removal by meteoric waters. Fro. aubaurface 

studies, however, it appears that the for .. tions are unconformable 

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

discordance and hiatus are not sreat and they disappear eastward. 

Over broad sections of the area the Rustler and the Dewey Lake appear 

to be conformable. 

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

the Rustler For .. tion ta •oatly anhydrite and rock 1alt (fta. 11). 
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Table 2.--Evaportte alnerala in •ylvlte and polyhallte deposita ~ tbr ca~l&tad potaah are• 
Cllodtfied fr""' llers. 1970) 

~ • .. lttna; !, bo111Da; Dec, deca.poaitioa; Deh, dehydration; T, tranaitlonJ 

Mineral Poraula lb.er•l effect• &Ad temperature ('C) 

II B Dec Doh T 

AnhyGrite---------easo4 1,193 

Aphth' to lite••····[ (It, !Ia) 3Ha(S04) 2) 940 437 

Bloed1te··········R•2"a<so4)2•4R20 670 625 110* 
220* 

carnal11te········EH&C13·6H2o 160* 190 230 
425* 

Glauber1~e·--···••Ra2ca(S04)2 944 520·540 

Ralite···········•Hael 800 

X.inite·•·········IMgS04C1·3B2o 490•540 160* 425 
277* 

Kieaerite·--······Ha~·BzO 1,124 340 

Laagbein1te·-·····ltz"a(S04)3 930 

Leonlte·····--····ll"s(so4>2·4a2o 760 140* 580 
180* 

Loeweite········--Ha1z"a7(so4)13'lSH20 670 625 220 

Maanea1te·-------·Maco3 350 



Table 2~·-lytport;e s1nertla is sylvite ted polyhtli£! ftpgtit• ip thf C!Jllbtd poft!h !r!! 
O,OS1fisd from Berg. 1910)•-Cont~ed 

lll.nor&l Forwla Tberaal effect• aad t.-paratur• c•c) 
II B Dec Deb T Picro.erite-••••••liH&(S04)2·6H20 760 125 . 140* 580 

180* Polyholite••······K2C&i"&(S04)4"2HzO 8110 . . 310•320 Sylvit•·········••ICI no 
Tbeuardite••······B42so4 884 . . . 240 Vonthoffit•·······~H&(S04)4 &GO . SlS 

... .. 
* Milieral l:Lt.ll: 110re than ooe pU.u. 
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Some polyhalite ia commonly p~esent near the middle of the formation, 

and thin to thlck unlta of aandatone~ alltatone, and ahale are 

inte~bedded at lona to short inte~vala. Dolomite is present in the 

lower and upper parte of the formation and forma di~ttnct at~atigraphic 

marker beda which have wide and peraiatent development in the potaah 

are~ and other section. of aoutheaatern New Mexico. The dolomite 

tn the lower part of the formation ia known aa the Culebra Dola.tte 

Member and that in the upper part aa the Haaenta Dolo.tte Kember 

(Ad ... , 1944, p. 1614). 

The luatler For .. tton raachea a .. x~ thickneaa of about 

SOO feet in the eaatarn part of the potaah area. The formation thins 

toward the outcrop in the central part of the area (fia. 12). Here 

the f~ .. tion aeneT&lly T&Q&88 lD thlckneaa fro. about 200 feet to 

400 feat, but ita tbickoeaa variea conaiderably over abort diatancea. 

The variable thickneaa ia due in areat part to the leachtna of aalt 

and the bydratioa of aobydrite by .eteoric watera. In seneral, the 

remaval of aalt account& for a marked reduction in the thickneaa of 

the for•atioo, and the hydrattOD of anhydrite reaulta in an increaae 

of thickneaa (fia. 11). 

Dewey Lake Redbed& 

The Dewey Lake Redbed&, named by Paae and Adame (1940), ie the 

younaeet unit in the Ocboan Se~iea, but unlike all other member& of 

the Ochoan it la entirely free of rock aalt and other evaporite rocka. 

51 



--~-----

The Dewey Lake con51&tl entirely of ailtatone and flne-ar•ined 
aandatone. and aenerally ran&•• in tbtckneaa fra. about 400 feet 
to S50 feet. lt 1• expoaed to low bluffa in the central aad eaatern 
parta of the potaah ar~a (fia. 4) and ia unconfor .. ble with 
oveclytna Triaaaic rocka. 
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GROUND-WATER HYDROLOGY 

Three .. in hydroloatc unite control the around-water bydroloaY 

of tbe C.rlabad potaah •lnin& area. Theae are; (l) the Pecoa River, 

which receivea the around-water outflow fro. the project area; (2) t~ 

water-bearln& ltrata DYerlyina the Salado For .. tion; and (3) the 

Capitan L~atoa. aod other water-beartna ltrata underlyin& the 

Salado ror.atton. Tbe dlatrtbutioo and develo,..nt of lara• aolution 

feature•, particularly ta. the llalh. D •w and Clayton Baaln u·aaa, 

exert a •Jor effect on tM occurrence and aove•nt of the atouncl 

vat&l'o 

Peen River 

Tbe raco Uver rec.el.,.a uarlJ all the natural d.Ucharae of 

arourul water tbat aove1 throuab t ... roclta of the potaab atntna area. 

The principal placea of oatural around-water inflow are at carlabad, 

wbere water derived fro. tbe Capitan Lt .. at~ diacharae• to the 

river or to tM alluviu. border loa tbl river, an4 near Hal•&• Beo4 

(fla~ l), w~r• hiahly -'•r•li&ed water it diacbaraed froa the Ruatle1 

ron.aUoo to tbe river. Betw.eo C&rltbad and Malaga Bend tbl river 

receive• water froa tba alluviua, except iu ar••• where pu.plna h&• 

low.red tba water tabla below river level. 

Water-beariaa unit• overlylna Salado for .. tlon 

A ... 11 .. ouot of around water occur• in all the a•oloaic 

fo~tlon• overlyln& the Salado Jor .. tlon, but the .ain aquifere or 
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water-yielding unltl are the Culebra Dola.lte He•ber and baaal 

aolution breccia zone of the Ruatler Foraatlon, the Santa koae Sandatone, 

and t~ alluviu.. Locally, the Gatuna For .. tion yield• water to well•. 

In the are& welt of and neac the Pecoa River, water fn• the alluvt• 

t• utilized exteneively for irrigation purpoaea. Eaat of the river, 

in the potaah ainin& area, ooly a few vella have encountered potable 

water. The yielda of the vella are seP*r&lly low aod aoat are uaad 

for the wetertna of Uveatoclt. Tbe Culabra Doloaite Hllaber occuta 

tbr-ouahout auch of tM area aod. t. tbe .. ta. aouE"Ce of w«ter tapped. by 

atock walla. Tbe baaal aolution breccia &oae of tba auatlar •o~tion, 

often referred to aa the "brine aquifer," ta the unit that ia 801t 

li&niflcaot in the lolution of the halite ln tbe upper part of tbe 

Salado Jor.atlon. Tabla 3 •~fi&ea the hydroloay of tbe aeoloalc 

for.atton• overlytna the Salado For.ation. 

Tba fo~t1~ above tbe Salado P~tlon •••• to be connected 

bydroloaically and can ba eoaaldered •• conatitutlna a aioale .ultipla~ 

aquifer ayat•• (flaa. 4A, 8). Bow perfectly tbta aquifer ayat•• ia 

develope4 ta an open queatlon and cannot be deteraiMd fro. the 

exiatiR& hydrologic infor.&tion, althou&h tbe level• of water ataoding 

in well• are •ufftctently untfor. that potaqtia.etrtc and water·table 

contour• can be conatructed throughout the area (fia. 8). Tbi• water 

tabl• and potentia..trtc aurfaee rangea fraa leaa than 200 feet to 

about 11 400 feet above the contact between the gypaiferoue reaidue and 

••It-bearing tock in the Salado Fdr .. tion (fig. 13). 
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Solution activity and aaaociated collapae, aubai~nce, aod fraetur· 

ina bave iocreaaed the overall perMabiUty of the rocka and eolwlacad 

tba lotarfor..tlonal aqye.ent of water in t~ aquifer ayataa. The 

aolutioo aeti~o in tbe area of tba potaab .tnaa alao baa detri .. otally 

affactad tbe cbe.ical quality of tbe ar"'n~ vatar.. A~lyaaa of vall 

water lodlc:ate that the ar""nd water lo the alnlna area containa 

a.ch biabar a.ounta of diaaolved aubttallC:ea tb&o do .. the water of tba 

aurrouruttna ra.loo of *v Mexico; tbU 4Utributlonal ralatlonablp 1• 

lodic~tad beat by·the total diaaolvad aolida (fla. 14) and 

cblortdo (fia. 15). 

CrQUa4 water in the for.atioaa above the Salado ror.atlpn .ovaa 

a•a~:~ally.aoutbward an4 aout.\DM•tward acrou tbl potaab .tnloa area 

tOIHird the Pecoa atvar (Ita .. 8). Moat of the diacbarae of the arouad 

vatar takaa place in the l'&&cb of tM hcoa atval' oaal' Halaaa BaM. 

Thil diachal'p ia froa about 850 aquara ailaa of tba ainina al'aa 

nortb of Pl'ojact Gno.a alta and froa at l.aaet aD ad.dltloo&l 400 aquare 

.tlaa lyln& to the oortbeaat of tba alnlna area. Altbouab the total 

aiiOUat of ar4UZHI w:tar diachar&iD& to the Pecoa lliver Ia llOt Jr:aovn, 

theta and otbera (1942, P• 69) aa~t.atad tbat 200 aallou per almate 

entered t~ river fro. the baaal aolution breccia zone. 

~~ potaatia.etric •od watar-tabte coatoura outlina a .. rt•• of 

arouo4·vatar rid&•• or bi&b• aod troulb• or lowe (fla. B), ~bleb are 

...,ond oa t• l'&&iona 1 aouthvalrll to •outbw•twrd pat tara of aroun4-

1tater IIOvaMnt. A larp aoutbvaatwar4·pluugin& around-vatar trouP 
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extend• fra- Kala&& .. nd nortReaatvard roughly ~hrouab Haah D~aw to 

the vicinity of t..auoa Plata. Another IIUcb ... uer· trouah ta e88t .. 

aoutbealt of the Project Cna.e lite and extenda froa the aoutheaatern 

part ofT. 24 S., R. JOE. e~at-northeaatward 1cro11 ~. 24 S., R. Jl 1., 

tot. 2l s., a. 32 1. A aouthward-plunatna trough ia in the area of 

Clayton laaln. Water ~e• aoutheaatward toward tbe center of thta 

trouah fr011 tt. northweatero p.ut of the atotna area, aouthward fr• 

the oorthern border reston of the •tning area, and aouttweatward and 

veatward fro. a narrow around-water rids• batvaen Clayton Baain and 

tapna Plata. South of Clayton kala tbe trou.sb. la oot a vall-d.eUued. 

hydroloatc feature. lt.lcb of the water in the trough doel not aova 

directly toward tbe Pecoe River froa the Clayton &aato area. lpatead, 

the water 11 diverted loutb·aoutbeaatward throuah the rock1 underly-

in& Quabacla R.id.p lllto tbe aroun.ct-vater trouah in tba llalh Draw area 

(aae Gatuna •oi'M.t1oa, table 3), where 1t jotna water .wins aoutb· 

Wlltward toward the feCOI River. 

Salado roraatton 

~ Salado roraatton baa an interaranular poroatty lad per .. abtltty 

that radaea fro. low to virtuAlly none (Stevena and othara, 1970, 

table 1). Locally, fracture• aa4 eolution openlnaa l~ct & apotty 

for.ational par.eabillty. In the potaah aintna area, t~ Salado 

Por..tton ta dry except f9r a.all pocket• of water or water and a•• 

that have beea eoeountered occaatonally durin& •ining and taat-drillios 



operation• and for water preeant in tb• leached zone davalopad at tha 

top of tbe for.ation. Sa.e of the watar and aa• poclr.au ara conUned 

uodar blab praaaure. In .ucb of the aiatna area around water aovina 

tbrou.ab the baaal part of the &uatlar Por•tion baa forMd a laachad 

aooe alona tha top of the Salado ror..tion (fia. 4A). In placaa, tba 

taacbed zoae axtaQda aora than 200 faat into the Salado ror.ation. 

Moat of tbe diaaolvad aolida in t~ brine in tba baaal aolution aoae 

of tba Ru&t lar Jor.ation baa bean obt&iDIId fr• tbe leached &OM, 

G. o. aac-.a (vrittaa C~D. J 1972) ••ti .. taa that dul'iDI tbe 

paat 5 ailUoo )'8&1'& ••• ,.aalt baa been ctt .. olved laterally in tba 

vicinity of carlabad, Rev Haxtco, at an avaraaa rata of about l 1/2 

to 4 ailaa par ail lion )'tl&l'&... Tbia coocluaion 1a baaed on tba fact 

that tba dittaoca fr• the aaatarn front of tba Guadalupe Mountaiu 

to the praaant weatarn 11-'t of •Jor aalt bad& ia about 18 to 20 

ailaa and on the followina aaau.ptionat (1) the Osallala Poraation 

fo~rly axtaoded acr~• tba Pacoa Kivar valley at laaat aa tar aa tba 

front of tbe Guadalupe Hountaina, (2) tba Pacu River valley in tba 

viciDity of Carlabad baa bean for.ad aiaca Oaallala tt•, and (3) tba 

Oa&llala Poraation baa baan arodad and tba Par.tan aalt diaaolvad froa 

tbia area durin& the paat S aillion ,.ara. It doaa not aaaa probable 

that aalt axtaodad .uch farther we•t than tba front of the Guadalupe 

Hountaina before Qaallala ti .. ; if tba aalt waa laaa axtaneiva bafora 

oaallala ti• tbia aati•t• i• cona•rv&tiva.,. 
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Strata und~rlving Salad2 For .. tton 

The Pe~l&B to ca.brtan aadt.entary rocka vnderlylua the Salado 

Po~tion contain water of bria- coapoattion and are under htah 

arte•ian preaaure. "-•e rock• are not axpoaed in the potaab aiotna 

area, but they lie deeply buried in the aubaurfaca tbrou&hout .uch of 

aoutbeaatarn Hew ~xlco and weatarn Taxaa. ~Maa1 (1965, ftaa. 1·7) 

•bowed that in tbe pota1b ~nina area the a lavation of tha potea• 

tia..tric aurface• of different aooaa (exeludina the Capitan Li .. atooe 

of tbah roc.ka ~:aqaa fr• a faw faat to a few huoclrad feat ab~ or 

below tbl land aurfaca. At Project Gno.a aita where thl avaraae 

elevation of tbe laad aurface ia about 3,400 feat, the potantia..trte 

aurfacea era at elevatiooa between 3,400 aad l,800 feet, which ia 

600·1,000 fHt above tM top· of tbe b&Ute iu tba Salado JMU.tton. 

tt• d tracttoa of tbe a lope of the poteatia.~:tric aurfacaa dUfera 

aa.evbat, but lt ia paerally to the aaat or aortbeaat in aouthaaatern 

Haw Max.ico. 

Tb4l C&pitau LiMatone and. auoetatad dolOII.iUc part of the Yaua 

aDd Tanaill Poi'MUODI foEW tha topaoat aquifer in the ltrata beneath 

t~ Salado ror.ation. Tbaaa f~tiona crop out or Ita at aballav 

4eptha aoutbwaat of carlabad, but they ara deeply buried eaat of the 

city near the potaab •inaa (fia. 4A). The capitan UMatooa c011pri1ea 

a aiant reef 1-2 ~lea wida that ex.tande northaaatward •nd ealtward froa 

caclabad accoaa t~ ainln& area; the Yat•• and Tanatil ro~t1ona adjoi~ 
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the north aide of the capitan Li.eato~ rea£, Weat of the Pecoa River, 

the Capitan Lt .. atooe 11 devalopad 11 a aource of water fo~ the city of 

~arlabad and for irrigation. Eaat of tba ~iver only a few water vella 

peoetrata tbia unit or the Yatea and Taoaill ro~tiona. laat of the 

PtlcOI &tvar 1 water in tbe Capitan u .. uoa. and in the Yatea ancl 

Tanlill ror.ationa ia under atrona arteatan preaaura. Accordin1 to 

Halpenny aad Graeoa (1962, tabla 2), tbe potantia.atric aurfaca of 

water in tbeaa unite ta laraely above _tbe land aurfaca ta tbe area aaat 

of tbe r.coa Rtvec (ftaa. 4, 4A). Wttbtn an •~•• tbat axtaada 14 .tlaa 

aaat-aortbeaat of Carlabad, aa.e of tbe water ta tba Yataa aad Tanetll 

For.atto~ .. y .ove upward, •tx with water in the Ruatlar For.attoo, 

aQd atd ta tbe aoluttoa of halite, sypau., and anhydrite in tbe 

luatl•~ aad Salado For.atioaa. Tbe diltributioa of cblortde abGWD 

on ftaur• U La cOIJIIUteat w~th the coracept tbat uptMrd .aveM:at of 

water doea tUe place. 

PCII'ASH MINIS 

HtatorY of •ipin• 

Tbe potaab •inea in Eddy and Lea Countiaa, H. Hex., produce 

about 84 peTcant of the potaaalua ainerala .toed in the United. Statel. 

Hinina activity ia tbe area beaaa in 1931 after tbe 41aclolure by tbe 

federal Govar~nt in 1926 that laraa tonnaaea of potaaatuawbearlna 

~ner&ll were preaant in Peratan atrata near C&rlabad, H. Mex. Peak 

production waa reached in 1966. The hiaher srade c~rci&l ora in 
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the area ia nearin& depletion and aoat of the aeven producing 

ca.paniea have leaa than a lO~year eupply. Large low·arade depoetta 

re .. tn, but tb.ir recovery .. y not be co.petitive with the Canadian 

production. ••cent production cutback• reaulted in a reduction of 

e-,lo,.ent that baa aertouely affected the econoay of the Carlabad 

area, 

Location ~f ainea 

Molit of tba potaah alaaa in tha Cet:labad dhtrict h&'le been de11elopl 

on dapOiite in a aortb·t~endinl belt 10·12 .tlea eaat of C.rlabad. 

Nine aioea bave bean developed alona thil trend, Two ainaa ba11a been 

opened on clepotlite 6-8 aile• farther eaat, pear the lddy·Lea County 

Uno (fla. 16). 

The •ioea ere ow•cl and operated by ct. Teledyne Potaab Co. 

(a aubeidiary of Continental ... rican Royalty Co.), Potaab Co.pany of 

A.eriea (a divtaion of Ideal Baaic Ioduatriaa, Inc.), Duval Corporation, 

lnteroatioaal Mlnerale and Che.tcal Corporation, Soutbweat Potaab 

Co. , (a eubaidtar:r of Freapor.~ Sulphur Co.), and Ken-McGee Cheaical 

Corp. 

At the preaent tt .. , el&ht •lnea operate in the diatrict (fi&•· 4, 

16), Three ainea are cloaecl, Willa-weaver (Duval), Seundara (Duval), 

and Lie (Natlooal). Tbe Teleclyoe Potaah No. 3 •ina le echeduled for 

cloaure in Aucuet 1972. 
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Mfthods of prospecting and exploration 

All proa,-cUna and exploratioo in the dlnrtct b .. been done by 

bolla drilled froa the aurface. Holt of tbe hole• were drilled into 

the top of the Salado by .. a~ of churn or rotary drilliaa ria•· The 

bole• were co.pleted t~ouah tbe ora zooaa with a dia.ond drill. caaina 

vaa aet in the upper part of tba bola and ca .. nted into tbe top of the 

aalt. The caalng and ce .. at aaal pre.eoted water fr~ t~ auatlar and 

youaaer rocka fr• entertna the bola. After tt. bole• were ca.pleted 

aDd aa.plad, tbe c&libJ val pulled and tba holaa plua,.d vltb ca .. ot 

froa botta. to top. lo •u.e of the earlier drillioa the lower parte of 

tM holaa vera pluaaed vltb .ut, but tboea peru above tbe top of the 

aalt were filled witb ce .. nt. It can be aaau..d that all exploration 

bolea drilled for potaab havw been effacttvaly eealad. 

The daDiity aad ·dtatributtoa of the exploration and develo~ot 

drillioa are abowo on fiaura 11. to aaoeral, tbe pattern and deaaity 

of drilllaa reflacta the poaitloo or the econoaic llalta of the potaab 

depoeltl. OUtaide t~ dea.aly drilled areaa t~ ora horizon. in tbe 

Salado are probably co.poaad of halite aad only ainor a.ouota of 

pota•b. 

Mining •tbocla 

The be44e4 potalh depO.ite •r• aearly flat lyina over larae areaa; 

tberefore, .odified coal·•ining .. tbodl have beeo uead in eatractiPI 

the ore. The ore-bearing borir:ou are reached throua:h vertical 
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abafta fro. which .. tn entriea are driven into the ore bodiea, Pana 

of r~ and pillara are developed off the .. in entriea. 

Tbe .. to eotriel ere aenerelly lS-20 feet wide and 8 feet blah. 

Where double eotriel are driven, they are apaced 50-55 feet apart. 

The breektbrouah• ere about 7 feet hiah, 32-34 feet wide, and are 

driven on 100- to 150-foot centera. the averase roo. aizea are 

34 x 42 feet. The beiaht of the roo.~, detenliaed by the thickoe .. 

of the ore beda belna aiaed, rana•• fro. 4-10 feet. 

lacb ora body ta developed to ita econo.ic li•ita by the above 

Mtbocl. Tbil cyc:le of •lnlna b referred to aa "flrat •intna" and 

reaulta in an ore recovery of about 50-55 percent. 

S.coad. •t.nlaa ot final at.nlna ia tbe reaoval of pillaTI and the 

retceatt.D& froa tb. outer edae• of the developed area toward the .. in 

baulaaevaya and abafu. Wbeo tbia aini.n& cycle h c~leted, tbe tot• 

ore recovery approacbee BS-90 percent. 

Pinal ainlna re1ulte in tbe re•oval of pillar eupport end tbe 

eveatual eubeideace of the aioed ereae. Reentry into tbe caved areaa 

ta aot poaeible. 

!!ill! 
T\tenty-flve ehat:te b&ve been aunlr, at the aitea of the 11 ala.& lL 

the dletrict (fia. 4). The e~ft locatioua and otber pertlaent data 

are ahown in tabular fo~ on table 4. None of the ehafte bal been 

abaadoned or decoa.illioned. Nearly all abaft• are coacrete or eteel 
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lined and have atanda~d hoisting and auxiliary equipment capable of 

handling large tonnages of mined material. At each abaft the aquifers 

above the Salado Fo~ .. tion have been sealed with cement s~out, wate~ 

rings and au.pa have been constructed, and pumpa inatalled to handle 

water seepage from the grouted areas. At se~eral of the abaft& pumping 

ia no longer required, and at others the amount of water pumped is 

•inimal. The effectiveneaa of the .athods employed to control the 

water in the abaft araaa ia evidenced by the fact that the recorda show 

that no water baa entered the •ina workinaa. 

Part of the inveattaationa for the Gnoae project abowed that the 

Far. Cbeaical Reaourcel Develop .. nt Corp. abaft in eaatern Eddy County 

had been abandoned and contained water. Water-level .. aaure.enta were 

.. de in thia abaft durins October and Nove.ber 1961 and in Dece.ber 1961 

after t~ Gna.e device waa detonated on Dece.ber 10, 1961. At the time 

the .. aaure.-nta were .. de the water level atood at 1,687 feat below 

the aurface or 13 feet above the botto. of the abaft. Preau.ably the 

source of the water vaa the aquifer in the Ruatler Por .. tion. During 

the period of inactivity the water had overflowed the 1u-, and collected 

in the abaft. The collar waa coaatructed high enough above ground level 

to prevent aurface water from draining into the •haft. 

The 1haft baa atnce bean equipped with the uaual ca.ple.ent of 

.. chinery and ta nov in operating condition. It is liated on table 4 

aa Kerr-MCGee Cbe•ical Corp. No. 1. 
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It t• reported that the abaft•, with the poaeible exception of 

teledyne Poteab Co. Ho. 1 end Mo. 2, ere iD excellent cooditton. 

Extent of aine vorkinal 

Forty ,.an of lerac-t~ua• atnia& in tbe relat!wly tllta-McWed 

ore depoatta ln the dtatrlet hal reaulted ln an aatea.ive .... of un4er­

arouad vorktna•. Tbe •tae vorldas• tn tbe dtatrtct cover an area ta 

exc••• of 4S aquara allea. The avaraae bai&ht of tba workiD&• away 

fra• the vlclDittaa of tbe abaft• aDd t)\e uta aatriaa ia about 1 feat. 

Tbe floor• aad backl are 1J41Mrally flat or patty eloped becauaa the atn· 

lDJ Mtbod.a and. tba aioe layoutl are cleaiaaed. to follow the oearly flat 

roaiODAI dip of the bedo. 

Tbe .taed araaa are irraaular in abape but .oat are aloaaata ia 

a nortb·~orcbeaat diractloa. tbta coati,urattoa raflactl tba variation 

of tbe potaab coataat of tM ora beda aad aot tba contlalty of tM en ... 

cloatna aalt kda. In other vorda, tt..ee an chaaical vartati.ou, oc 

cbealcal faclea within a atngla bad, aDd are aot variation• in the 

rast.-1 aadt.•ntattoa. 

Ol'a baa baaa alD14 h·• four bade or coua ln tbe Salado fDnllltloa. 

Tbe 1101t exten.~t.ve: wod:lll&l are tn the 1--•t or- "Pt.rat" ora acme, vhtclt 

U batveeu 650 and 800 feet balw tbe top of thl Salado. •tM •inee ia 

tbe dtatrict have produced ora fro. tbta zoae. Teledyal' Potaah Co. No. 1 

haa procb:ac::ed fr• tbe "Fb"lt" and "Fourtb" ore &OM I. Iutarutlonal 

Mi,..rala and. Cheaical Cerp. hal produced fro. tbe ''rtrat," "rourtb,'' 

•rtd "Ftftb11 zone1. Duv•l'a Ma•b Drav •i• bal produced fr011 the "Fi.IE'U" 
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and "Tenth" zonea. National Potaah Co. 1 
• Lea mine aocl the kerrwHc:Cae 

Cbaaical Corp. aine hava proclucecl fr011 the "Tenth" ore zooa. T" 

approxt .. te atratiaraphic poaitiona of the ore zonea are ahown in 

figure 10. 

Stability of aine workinaa 

fba antriaa, ro..,, aod. pillara developed during the 11 fir at 

eye la" aintna are claatanecl to toaura atabi Uty cc..auurata with aafa 

aocl afficiant ainina practice. Back failure My occur vbara the back 

ta only a fav tache a to a foot be low a clay ae... Tba un11upportad 

aalt hecla haYti a taodaocy to pull away fr011 the clay bad bacauaa of the 

looaa bond batwaan the tvo rock typaa. Back falla are controlled by 

the judictoua aDd axtanaiva uaa of bolttna. 

CaviDI and aubaidenca 

Durin& final ainina .oat of tha pillar lupport ia raaovad and tha 

workadwout araaa aradually aubaida or cava. More than 50 percent of 

the aioad araaa are oow caved (fta. 16). In tboaa ainaa vhera atnina 

baa bean co.platad, tba aubaiclanca ta nearly 100 percent of the 

.Uoed balsht. 

In .oet cavacl areaa the aubaidanca ta reflected in the overlytna 

aurface b7 the deval~nt of gantla dapreaatona. Fracturtna at tba 

aurfaca in tba aubatclanca ereaa cannot be accurately .. pped or datar­

aioed becauae of tba cover ·of unconaolidated aurfictal .. tariala. Soae 

fracturina baa been noticed in the paved htahwaya that croaa the aub· 

aided araaa. 
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--------
Althouah detailed etudlea of the eubeideoce areaa have not been 

•4a, IQM apeculaUont concerning t ... •chanba involved ean be .. cle. 

Subau~faca obaerv&tiona of tbe 1ub1tdtaa araaa iadicat• that cha rock• 

abqye the -'ne4 •~••• ~• elawly dowaward &I a et.,ta cobeltva block 

after final ainina i• COIIplatacl. J'racturtna •Y wll occu.r in tbll 

••b•idina block, partlcula~ly in the dola.ita bed• above the Salado, 

but the pattern 11 not knowo.. The uotque pbyaical pro,.r-e-tea of tbe 

aalt probtbtt• tbe devel~nt of open fracture•. The fracture• 

for.ad are tlabt or quickly aaalad by flowaaa or racryetalltaatloa 

of tbe aalt. Tbe abeaaca of water aaa,. .. into tM -.!Dill in tbe ar••• 

of aubltdegea 11 tndtcattva of tba ••lf-eaaltoa character of the ealt 

kdo. 

furtlwr avlclaDCa for the cobeetvao .. l of the eubalclepca block u 

that alsli»a 11 c'"r•ntly betas cur1a4 OD ia tvo aiM• la 01'1 bedl 

About .50 an4 100 fut abwe the bott.e of tt. cave4 block• or lower 

alataa laYela. The ore bedl betoa .toed have •uffare4 ao noticeable 

•truetural 4afor.atioa other than the ••a and elevation cb&a.ae• 4ue tc 

tU IU"idenc:e-

»o Uta are available oa tbe affect that lt.lbaicleoca b&l bid CP 

ttle taove-nt of water in the aqutferl above t.be Sala4o. 

Gnoae abaft ·~·vorktasl 

The Gno.e atce and abaft ar• near the canter of aac. 34, 

t. Zl s., a. 30 E., Eddy County, M- ~x. (fia. 16). T~ •haft vaa 
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aunt by the U. S. Atoaic lneray Ca..laaion aa a part of the Plowahare 

prosraa. Only a brief au..ary of the s-olo&Y aod deacriptlon of the 

aload areaa la aiven in thla report. Detail• can be obtained fro. 

report& on Project GDOM (U. S. Geol. Survey, 1962). 

The Gnoae abaft waa auak to a depth of 1,202 feet. The abaft 

ta circular in plan, baa en inaide dta .. ter of 10 feet, aDd ia lioed 

wttb reinforced coocrete to a depth of 722 feat. It paoetrated about 

200 feet of aurficial aDd Pleiatocene depoaita and 1,000 feat of 

Pan~iaa rocka. Tbll top of the aalt ta about 6~0 feet be low the collar 

of the abaft. Tbl bottoa of thll abaft 1a in aalt about ~SO feat ba low 

the top of tba Salado Po~Uon. Rocka axpoaad in tba abaft are abown 

on table 5. The abot c~r ia copnected to the abaft by two parallel 

drifta each approai .. tely 1,100 feat lona. The drift• and cha.bar are 

near tbe baaa of tba upper third of the aalt aectton. About 1,000 feet 

of .. aatva aalt ta aatl .. ted to be praaent below tbe bottoa of the 

abaft and drift. 

The Gno.a abaft waa abandoned and 1aaled by the ABC in Novaaber 

1968. Tbe daca..iaatontna of tbe abaft waa dooe under the aurvaillance 

of Rayuoldl llactrical and lngi~artna Co. and ta reported on by Tappan 

and Loran• (1969). All .. teriala stvtns a contact radiation doaa rate 

of aora than 0.1 ail1iroentgana par hour were raaovad froa the aurface 

and placed in tba abaft br fluahed aa a brine 1lurry down a drill bole 

that intaraacted one of the drifta. 
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table 5 .. aocka axooaacl in the Goa. abaft -
Doptlo llelov TblckMII - Lltboloay l.p ~urf=~• (f .. t) 

fHt 
Alluvial boboa Uoconaol14ata4 loloc:aM 0·43 43.0 

upoolto ..... 
Gatuaa •D~tioa friable iaJUl• tllhtoco .. (J) 43·9l.!t 41.9 

atooe aa4 
conal-.-cata 

Dowy !AU aadbedo Tbla-bedud .. -.. 91.9•Z!t4 202.1 
alltltOM 

auatllr Jor.atloal ••• • 4o •••••••• 2!t4·6U.2 357.2 

forty•aiM'l' Cblofly ••• • tlo •••••••• 2!t4-361.3 67.3 -· .,.,,.,. aDd 
aQhydrlta 

....... Doloodtl JUty dol•it• ••• • do •••••••• 361.3•312.2 20.9 ·-· r .. .ttk.....,.r Cbllll7 ••• •• o • ..• 0 0 •• 312.2•4P5.5 113.3 
aaby<lrlto .... ,.,._ 

Culobra Doloodto Dol.S.te •• 0 .do. 0 ••• 0. 0 495.5·523.5 za.o ·-· 
~·--· 

Clolofly clay .•• • do ••. , ••.• 523.5•651.2 127.7 
aad ailt wltlo .... ., ..... 
aDd aaby4r1ta 

Salado Wor.AtiOGI •• 0 • .co. 0 •••• 0 •• 651.2·1,202 sso.a 

Uppar 1oaclled Cblofly cloy· ... •• o. 0 ••• 0 0 • 651.2·709.3 58.1 -· atoM aad 
ailtatDM 

Unlaacbed Salado CbllflJ' 1-atv'C'I - •.. ,do ..••.••. 709.3·1,202 492.7 
J'o~ticra b&Uta rock· 

with ,._. I 
f.Uhydrtta, 
polybaUta, alld 
~uut-
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Tbe ebaft copt&ildl contud.aated Mtal 1crap, aae du.p truck, four ,,,,. 
~ae carl, a boiat .aa•eaae, aa4 varioue ather .. tarlale, lacludlaa a 

cooai .. rable ..,..at of contaalaatad aoll aod ealt •ck.. The report 4oal 

aot •tate hav far up tM ebaft tbe coot...Uaatad .. tertale eataad. Uacon· 

t..taata• 1otl vel placed io tbe upper part of the lbaft to vltblo S feat 

of eM aurfaca, •• a peru.oea.t plua vae far.d by fllUoa ct. ta.c 

' feat vitb coocr•t•. 

lo at4ltloa, a\\ teat 4rl\\ holaa vera pl•aae4 vltb c ... at to tba 

top of tlla lale4o. 

abaft 0< 4<lfta probablJ caooot ba aafalJ ao4tacoooalcally rabablllta­

ta4. 

SolutiO! J4pipt astiyitial 

Tlae laaaaa CitJ 'hattq Laboratory Will tbe firat of tvo ca.paatea 

to cODduc:t axpar181atal lolutloa aiataa projacca to the ClrlaNd araa. 

Tbtl azpar~atal project tavolved acc..,ta to ••tabllab a caaa.ctiaa 

betva~a two. ltoraholea about 200 fut apart la tM W 1/4 aac. 22, 

'l' .. 20 B., 1.. 29 a. The project waa atartad durin& tba lata 1940' • aa.d 

ao4a4 t.rloa tba 1950'•· 

Durtaa tbe atd-19601 1 Coattoeotal Oil Co. conducted an aapar­

teaatal eolutioa atataa project in tbl cuhb&d araa (O.vh aDd Shock, 

1~70). fOUl' teat bole1 vera drilled la tba SV l/4 lac. 12, T. lt 8., 

a. 30 1., about 3 1/~ .tlaa •••t of tba So.tbwaat totaah co. abaft. 
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Tbe 4rilliQ& pattetn val in the lhape of an equilateral triangle 

with a fourth bole 1n the center, 200 feat fro. the apex welll, The 

well• vera drilled to a depth of 1,150 feat and vera ea.plated in the 

"Tbir411 ore &one of tbe Salado l'o~tloo. Subeurfaea coooeetiooa betveao 

well• were aatabliabed by byJraul1c fracturloa froa the canter or in­

jectioa well. 

Ourina the life of the expert..nt ao elliptical cavttr 280 feat 

lona and about 80 feet vida at ita broadaat part and 5-10 feat deep 

wa• for.e4. About 175,000 cubic feat of aalta vera ra.ova4. ~ abape 

and atza of the cavity \llal detemtoed by a aour eurvay. 

Tbe wall• vera eaeed and ce .. nted into the top of the Salado to 

prevaot water fraa tba near-eurface a'uifar antarln& tbe bola•. fre­

._..bly theaa holea wra plupad wttb c ... nt when tbe project we 

ca.pleted. 

OIL AND GAS PRCIIUCT.JOII 

Oil waa firet produced in Eddy County, )1. Ml:x., fr• tbe faaoua 

Arteata pool which waa dtacover4t4 ta l924. Since tbat tt. there baa 

~en a eteady iacreaae in tbe production of oil and aa• in eouth­

aaetaro New ~xico. T~ oil anA a•• field• to Eddy and t.a Couotlae 

are tba ~t productive in Hew Mexico. AI of 1966, the fielda in 

Eddy County bad produced al.aet 197,000,000 bbl• (barrel•) of oil and 

112,000,000 MCI' (thouealld cubic feat) of aae. Tba procluctlon fro. JA:& 

County vae about 1,700,000,000 bble of oil and 2,600,000,000 MCP of a••· 
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Lea County, witb aor& tb&o 60 percent of the total oil and aaa aal~• 

in the State, raoka firat a.ong all countiea in the United State& to 

tbe value of bydroc•rbon production. The producing ~lla are concentrated 

in an arcuate belt that in aeneral reflect• the po•ition of the buried 

reef tbat .. rka the tranattion zone between the Delaware baatn and the 

nortbweat abelf area and the central baain platfor.. 

The .oat productive oil and .. , zonea are in the Per.ian rock& 

lytna below t~ Caatlle For.ation. However, ao.e production baa co-e 

fra. upper, .tddle, and l~r Paleo&oic atrata in t~ eaatern, weatern, 

and POrtbeaatern part of tbe area. Tb. productna aonea for the oil and 

aaa pool& in lddy and Lea Countlaa are ahown in table 6. 

Production in the vlclalty of Carlabad 1• .oatly fra. rock& of 

Guadalupian aae, particularly tbe Grayburg and San Andrea For.atioP8, 

fro. the rock& of Leonardian an4 Volfca.plan aae, aod fra. rock& of 

Pe~ylvanian eae. Tbe diatribution of walla and developed oil and 

1•• field& aa of 1964 are abowa on fiauraa 18 and 19. ln aeneral, tbe 

well• near tbe veat .. rata of tba Delaware b&&in ara 8,000-10,000 feat 

deep, .oat of tboae in tha vicinity of the potaah ainea are fro. l,SOO 

to 3,000 feat deep, aDd .. ny well• are .ore than 3,000 feet deep. In 

the .ora central and eaatern ,.rt of the baain, tbe deptba of tbe vella 

aenerally are 4,000-14,000 teet. The deepeat well in the D6laware baain, 

drilled 21,275 feet to baae .. ntJ encountered larse reaervea of s•• con­

deneate in ••veral zoaea and probably 11 the firat of .. oy wildcat• that 

will be drilled in t~ relatively unexplored deeper part& of the ba&in. 
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table b --1!.-w;lnur• ol oil- and ••~·e•"""'"'"$ ,.,.,., ..... thentun "'" ltruco 
!rr- Stipp and oth!u \9~1> p. H· IU. l 

" 

! 
j 

1 

S MTIGi:APII C 1,1 
l .. ln Shelf 

wunl•r 

..... u 

...... 

W lWIItY rOJU. 

au .... , lahb, Corbin, Eavu, 
[...,nt, Ge•, ...,,,.,.,, J•l•t. 
Luak, L7n~h. Nonh Lrnch, 
llo.orlee, 5ao sa-n, Te••, 
Wlhoa, llonb Wllaoa. 

Arrow, a-u, CDOp&r Jal, 
ra .. aa, r;_,,, s ... clo lualca, 
lau llobba, Jal .. c, Loii•H• 

=::~::· -~~·=ia!:~·· 
Au-, Caproc:k, Monh C.p• 
rod•, Coopar Jal, Corbin, 
DollarhiH, E-c. Lollqlla 
MoUth, s ... rh a.oMrd, 
haraall, P.nrou Skally, 
TOO!a • 
Au .... t.ad, [unl(a-Hon.-.. c, 
llerdr, llobb6, i'laiJ•-•· !aat 
i'lalj-r, !Iorch i'laiJ•••, 
S011clo i'laljaur, hnr<>&a 
Skelly, lloberu, Skalla, 
va~ ...... wuklna. 

Elahtr ,.,... Draw. Eunlc•· 
Mo-nt, Garrut, ll~>bbl, 

lcudt~ 

C&fl Oft 

5-ln Andrea l:alt llobbe, It""••, LIU-11, 
LI>V1"tll011 0 W.at i.oviiO.j;tOII, 
i'laljaur, Eaot *IJ•-•, 
:~nh i'lalJ•-r, sa .. ,.r, 

5prln& 

lli,..brJ, ~:;~ lloblra, 

®0 
Pollnhldo, D<l'*u4, F,..ler, 
lloi>Oe , It-• , llad 1M , Ska11•, 
lllrren W.lr. 
Aodauoa lanch, lan C.prock, 
lle1ton, D·l, Cladlola, ltln&, 
Lo¥1n;ton, T-nund, Tulk, 
Wa a. 
Allhon, la~hr, Bo11~b, c .... 
Cu,.aroeda, £oUaon, lll;lb­
t-r, La•r J, &au Lowi"&­

'""• ..... colua, -··· 
~:"'*.!:: South S.umMn, 

.. lulau 1 u-n-· llooncon 

Mrmto a 

lller>bu.r u 

AManoo Ranch, I&Kl•J. lronco 
Eau C.proc:k, Croaaroeda, 
O.a(on, DollarhtH, E~hol, 
llonh Echo\, f;laollola, Ho~h­

c-r, 111,..1••, '""''h l.n.,..la•, 
""-lja-r, ltlacalaro, Moure, 
Sh"'" liar T•• ue. 
PollarhUa r.,.. ar Cor•lck. 

'"' hre, So..th Hara. Tea·;-, 
W•cren Nur<h llarun 
lrun&on, Doli!Jrhldo, r ... Jar, 
T•• ... 

•• 

lPDY COONTY POOl.S 

o.:;l•nn 
H.AI• lo~•niD<I 

Aid, lar.,.r, kn•-. lu<t<>n 
(AIIIl), C•Hr Ill I Ia, i. ... lr•, 
GIOtty, lle~kbenr, Luak, W. 
Wall., r.c.A., llwn•ll, 
btwaan 

(I lack lhar, llark Canyoa, , ....... - .. ,_, .... , .. 
;..Ia l>rnu 111,..; 
Aid, A ... ll, E..,lra, rrao, 
II<Mtll••, PaUalllo (AID), 
t...-k•r hock - &onn lhau. 

Cuholn, Grarbllra J•cklon, 
llllblo,..•-, lt<MI I ian, 
&huaan, ..,rtlo l>huauc • 
Turkar Tuck, E.ou Turkay 
Treck,l.oc:oW.Ilh Qulen 

"""•raon, Arnala, Ca.,.(AID), 
O.yton, Inc O.rcon (AID), 
c •• , ....... Jackaoo, loouth llllh-
lo .... -. a.o, l.oc:<> lit I h. 
i'lalja .. r, Mlll•n, fr•••••· 
~=• u~:;k!obl~:;:: Sq ... r• 
Anoteraon, Attalla, Ate*•· 
llall&barltJ, Foralt, curb11r1· 
Jack•••, Grarbllra - h•lr, 
lllnlba.,, s .... t .. lllablo,..•-. 
l.oc:o Hilll, ~1•• Dra .. , 

~!l'-': :!r .. ola, Mad Ulll.e, 
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Figure 19. --Map of oil and gas fields in southeastern New Mexico. 
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Southeaatern Hew Mexico i• now a vell-eatabliabed oil· and 

aa•·produclq area. TM aaural aeoloay h well known, but uM:xplored 

lara• areaa atill re .. ia. The aaarch for atratlarapbic trapa and 

favorable atructuraa iD the deeper ,.rta of rhe Delawra baaia uadoubted­

ly will reault ia the diacovaty of a.w fialda. ~ area will probably 

coatlaua to be oaa of tba .oat actively ••plorad araaa lo the aatloa 

becauaa of tba blab aucceaa ratio. 

COIICLIIS lOllS 

that part of tba Carlabad potaab area in Tpa. 21, 22, 23, 

aD4 24 s., aa. 31 aDd 32 &., baa tba loweat dea.itJ of drill bolaa 

for potaab, oil, aod aaa, 11 fartbaat fra. tba dtaaolutioa front ia 

t~ aalt aect1on,. baa a aubatant1al tbickaaaa of cooaolideted cover 

above the aalt aaction, and coat&iaa the uxta. tbtcluaaaa of Salado 

ror.atloa aalt at raaaoaabla depthl below the aurfaca. a~ of tba 

alaed-out potaab atoal .. Y provide uaeful atoraaa. 
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