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PRAIS..\L OF GROU1ID-i{ TER RESOURCES OF TULAROSA BASIN 
AND ADJOINII\G AREAS, NE\i BEXICO AND TEXAS 

By 

E. H. Herrick and others 

ABSTRACT 

This report discusses the ground-water resources of an area of more 

than 12,000 square miles in south-central New l~xico nd adjoining parts 

of El Paso and Hudspeth Counties, Texas. A large part of the area is 

controlled by the Defense Departrr,ent, and t e develop!\lent of adequate 

>':ater supplies is a proble . of :trajor concern to the several military 

ins v llations and the nearby tmms in the area. 

t1ost of the ground water underlying the central aud northern parts 

of he Jornada del llerto, in the western part of the area, is impotable. 

However, t:1e \;estern and northern flanks of the Cerro Colorado volcanic 

mas.::, abo,~t 6 Idles west of Stallion Site Ca.1p1 are underlain by ground 

'\rater of potable and near potable quality. A few wells in the vicinity 

of Mockingbird Gap and at the foot of the Sierra Oscura escarg~ent also 

,.{ielG. srnall quantitiea of ..;otable and near ~otable water. 

In the northern part of Tularosa Basin potable ground water is kno>m 

to occur in only a fe , relatively small localities, ostly alon the east 

side of the basin. A s~all area in the vicinity of Oscura contains re-

latively shallow wells that yield up to 50 g_m of water containing less 

than 300 ppm of sulfate. Dee..')er wells in the Carrizozo area re_.:lortedly 

yield .m.ter of similar quality from sandstone of Creta :!eous age. Hmrever 1 

most o"' the t:>hallow ground water in alluvium in the vicinity of Carrizozo 

contains more tha~ 400 ppm of sulfate. 

1 - 1 
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Wells yielding about 100 gpm of near potable water have been 

developed in the ·rhree Rivers drainage basin at the west side of Sierra 

Blanca. In that area, Three Rivers and Indian Creek had a combined 

total flow of about 1,800 acre-feet during the 12-month period froni 

October 1956 to September 1957. It is estimated that a dependable 

supply of about 1 1 000 acre-feet per year of potable water can be de-

veloped from surface-water and ground-water sources in that area. 

Two large springs, Salt Creek and MalPJ.is Spring, in the north· 
dhDu.{f/S1J 

central l">nrt of the Tularosa Basin yield,1~ and more than 1 1 000 gpm1 

respectively, of impotable water. Several other sraa.l.l springs in that 

area yield sr~l quantities of highly mineralized water. 

The Tularosa-Alamogordo area contains fairly large sources of both 

surface and ground water. !'.iuch of the ground water in that area is im-

potable but is utilized for irrigation. The Boles Yell-field area, 

south of Alamogordo, has been, until the completion of the Bonito La.ke 

)i~">eline, the principal source of vater to Holloman Air Force Base. The 

dependable capacity of that well field bas been esti~ated to be about 

1 1 000 acre-feet 1~r year. 

Southeast of Valmont1 and adjacent to the Sacrar1ento !1ountains, 

about 12 t1iles southeast of the Boles well field, an area of approxi!r.ately 

50 square r:1iles apparently is underlain by ground water of potable or 

near J)Otable chemical qua.l.i ty. This area bas not been studied in. detail 

but has been suggested as a possible potential source of potable ground 

water. The area is north of a.nd adjacent to the Sacramento River-Orogrande 
pir.t.:::'...ine 1 which presently carries an estima.ted 250 gprr~ of potable water 
to Orogrande from springs in the upper part of the Sacrarnento River Canyon. 
It has been estimated that the quantity of water diverted to tbat pipeline 
could l;·:~ ::l..i!proximately doubled by il:lproving the water-collection system 
a.t tl1e ;.;_y:~ings. 
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In most of the Hueco plate3.u the ground water contains sulfate con­

siderably in excess or 250 ppn although a few stock wells in the eastern 

part of the area yield po~ble water. 

The Crow Flats - Dell City.area in southeastern Otero County, New 

Mexico and northeastern Hudspeth County, Texas contains a large supply 

of shallow, highly mineralized ground water. The area is extensively 

develoi~d with irrigation wells, but most of the water contains excessive 

quantities of sulfate for drinking. 

The northern :part of the Hueco Bolson and the southwestern p1rt of 

Tularosa Basin apparently contain the largest potential supply of potable 

ground water, with the exception of the Rio Grande valley, in the entire 

area covered by this report. That part of the Hue co Bolson in Texas is 

extensively developed with large-capacity wells supplying the city of 

El Paso, Biggs Field, a.nd Fort Bliss. However, it has been estimated 

that at least 6 million acre-feet of potable ground water is stored in 

the bolson deposits in the Nev Mexico portion of this area. 

The potable water body underlying the re-entrant area at White Sands 

Proving Ground apparently is continuous with the area described above. 

The wells in the headquarters area of White Sands Proving Ground presently 

produce a total ot about 1 1 000 acre-feet of water per year. As a result 

of the puraping1 w.ter levels in that area are declining, but t.he available 

data. L1dicate that this quantity of water can be pumped annually for many 

years without danger of contaminating the ground-water supply with saline 

water. 
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The central Part of Tula.ros!:.!. Basin northeast of White Sands Proving 

Ground contains only a few k.novn sources of :.;otable vmter. T:aese apparently 

are very lir.1ited localities along the east side of the San Andres Jvl.ountains 1 

where a fev stock wells :have been developed. 

T:1e alluvium along the Rio Grande in t}le H.esilla Valley in the vL~ini ty 

of Llls Cruces contains large supplies of ;,:a.ter 1 much of 'tfhich is potable. 

This a.cea has been extensively developed \fi th irrigation wells to snl;rleraent 

surface water fro1r. the Rio Grande. The Rio Grande V3.lleJ in the vicinity 

of Bosque del AJ:Jache also ·~ontains large supplies of :-)otable ground water • 

T~1e available data indicate that wells produ,:!ing at least 1 1 000 to 1,500 gplll 

of ;;a table or near potable quo.li ty can be developed in tha. t area. How-ever, 

the f.usque del Apache is within the Rio Grande Underground Water Basin, 

.::lased by the New Mexico Gtat.e Engineer to additional J.rilling except for 

doiaestic supplies and substltution for existing stu·face-water rights. 

~-·otable e;round water has been developed 1:..1 the southern rart of the 

JornE~da del Huerta, where at least one well is reported to yield more than 

1 1 000 gp~u • 

It is estimated that at least 301 000 acre-feet per year of potable 

grouad Yater can be develoveu in the Rio Grande Valley in the vicinity of 

Bcsql1e del AJ.ache and pcssi.oly a.s much as 60,000 acre-feet l:er year in the 

southern Tularosa Basin and northern Hueco Bolson. The southern part of' 

the Jornada. del Huerta and the Rio Grande Valley in the vicinity of Las 

Cruces are estinnted to contain at least 2 ffiillion acre-feet of potable 

ground water. other important occurrences of' potable 'Water are the 'l"hree 
Rivers area, Boles well-field area, and the Upper Sacramento River Canyon, 
where it is estimated that about 1,000, l,ooo, and aoo acre-feet per year, 
respectively, can be developed. There are other occurrences of potable 
water in the region, a.l.d though small, these occurrences are very important 
because of their loce.tions. 

1 - 4 



\vater of inferior chemical quality, much of ·..rhich could be used for 

potable supplies, occurs throughout the region, except in the central parts 

of the basins. The ~est important kno1m sources are the Carrizozo area 

and the area southeast of Valmont, where it is esti ated that approximately 

20,000 and 1,000 acre-feet per year can be developed, respectively. 

It is estimated that at least 150 million acre-feet of L:1potable vrater 

is ~tared in the area covered b~ this report. Although most of this highly 

mineralized 1.rater probably has little or no value at the present tir.'e, it 

is possible that impotable water can be used for non-drinking purposes and 

may at a future tL::e be economicallyde-:mineralized, at least in areas vrhere 

naturally potable -water does not occur. 
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INTRODUCTION 

It long has been re~ognized that the potable water resources of the 

Tularocu. Basin in Hew Mexico are definitely lir1lited. l'he only real develop­

Le~•t of the basin, prior to the establiahm.ent of nd.li tary bases during and 

followi!le World War II, ws along the eastern f.!t&i»~ ·of the-~s:Ni, where 

both surfa.~e and ground water c.:ould be readily utilized. Only widely 

scattered ranches occupied the central and -wester·n par·ts of the basin. 

Durine; World War II, Hollon:an Air Force Base a.nd w"hite 3a.nds Froving 

G::.·.::.mnJ. ~rere established in the basin, and since then many snlaller outlying 

raili tary ca.mpz have been established. Today all the central a.nd western 

1n~ts of the basin and adjoining areas on the north, west, and south are 

restricted to military use by Holloman Air Force Base, White Sands Proving 

Ground, and Fort Bliss. 

The increased use of W"d.ter caused by the growth of the rnili ta.ry bases 

and resulting growth of the nearby towns in the Tularosa Basin bas created 

considerable concern regarding the quantity of potable water available to 

the area. Practically all the perennial surface water in the area is fully 

utilized, and a large pa.rt of the kno-w·n ground-water resources bas been 

develo1~d. Although present requirements for wa.ter are being met and few 

really 3erious shortages have developed in the past, it has become apparent 

that the growing population of the area. soon will impose a. serious strain 

on existing water supplies. So11e of the existing supplies already are over­

develo_ped1 and continued heavy pumping in some areas eventually will result 

in Gerious declines of the ground-w.ter levels and possibly contamination 

of fresh ground-water bodies by saline water. 
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In 1955 the City of Alamogor-do ti.(;qtlirecl the Bonito Lake ~eservc·ir 

on the eastern slore of Sierra Blanca, and in 1957 a pipeline frot;_ Bonito 

Lake to Alat!1ogordo and Hollon:an Air For~e Base -wa.s cor:.pleted under contract 

·;.;J the U . S • An:;y, Corps of El1Gi neer s • It has been e s ti1-;m ted (Turney 1 W • F • 

and A::~socitites 1 .:ra.nu~ry 1954) that Benito L~ke ,.,ill f't1:::-nish an average 

of il!-;~_roxi.clLI.tely l billion r;allon-3 ( ),OOt~1 acre-feet) of water ::~er year to 

Ala.•:.ogordo ~nd :iollun:.an Air Force Bo.se. rn~.restigq. ticns are being carried 

out 3-lm;.t; the :cou·~e of' the :pi,r:.eline in an a.ttet1pt to develo~> adc.i tiona.l 

,,,a.ter vf .:l.::!t;e.t;table chel7lical quality to supple:r:lent the '~'B.ter from Bonito 

Lake ~e:..;e::voir. It i.s believed th:lt the acquisition of Bon! to Le.ke will 

provide only te1.~1JOr:1ry relief for only the Alamogordo-:Iolloma.n Air Force 

Base are:J. • 
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~rpose an~ Scope of_ this R~port 

On November 7, 1956 a meeting was held at the office of the State 

Engineer in Santa Fe, New Mexico to discuss ways of providing additional water 

to the Tularosa Basin to meet increasing military and nnnicipal requir~uents. 

The n1eeting was attended by .:;>ersonnel from the office of the Ne1v !!exico 

State Engineer, the Interstate Strean Commission, the U. S. Army Corps 

of Engineers, HollowAn Air Development Center, \ihite Sands Proving Ground, 

the U. S. Bureau of Reclamation, the U. S. Geological Survey, W. F. Turney 

and Associates, Armour Research Foundation, ar..d the City of Alamogordo. 

At that u1eeting several possible sources of additional 1-mter \Tere dis­

cussed, including the @ole3..>a~n Juan-Chama diversion, the Gila River, 

and the Canadian River. From data presented at the r:1eeting, it \vas ap­

parent that, if water from any of the three sources entioned above could 

be r:Jade available to the Tularosa Basin, it \.;ould be several years before 

those sources~~ could be utilized. Further~ore, it was generally 

agreed tlmt all sources of water in and near the Tularosa Basin should be 

fully ex~lored and utilized before water from distant sources was diverted 

to the basin. It ~.Jas decided tha. t all aspects of the probler:J. should be 

thoroughly studied. The Geological Survey was requested to assemble a 

report of the quality and quantity of ground water in and adjacent to the 

Tularosa Basin. 
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The rincipal objective of this report is to summarize as ern -

pletely as possible all available basic data :elating to the ground-water 

resources of the Tularosa Basin and adjoining areas shovm on figure 1 

and plate 1 . Practically all the data used in compiling this report were 

in the files of the Geological Survey or in existing reports . Only a 

few additional data were collected for this report i~ those areas ior 

which inforrr~tion '~s totally lacking . All existing reports , published 

and unpublished, have been dravm upon in the preparation of ~his summary . 

Tnese re,orts are listed in the following annotated bibliograpny . 
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Previous Investigations and Annotated Bibliography 

The geology and occurrence of ground water have been studied in 

detail in only a few parts of the area covered by this report. In 1915 

the u. S. Geological Survey published a general report (Water-Supply 

Paper 343) by :einzer and Hare on the geology and 1<1ater resources of 

the Tularosa Basin. In 1928 the u. s. Geological Survey published a 

geologic mo.p of New 1exico, compiled by N. H. Darton, but that map \las 

necessarily generalized and, because data. v1ere lacking, is inaccurate in 

so e areas. A revised geologic map of the state is being prepared b·1t 

is not yet avail ~le. T.~e recognition of existing and ~tture water-

supply problems have resulted in several recent ground-water studies 

of specific areas in and near Tularosa Basin by the Geological Survey 

in cooperation with the Corps of Engineers. Sor..e of those studies in-

eluded geoloGic mapping. Reports and other liter,ture, both published 

and unpublished, pert!:l.ining to the geology or 're.ter resources of the 

Tularosa Basin and adjoining areas are listed in the following annotated 

bibliography : 

1. Bjorklund, L. J., January 1957, Reconnaissance of 

ground-water conditions in the Crow Flats area, Otero County, 

Aew Lexica: !rew .... exico State Eng. Tech. Rept. 1. (Describes 

the general geologic, physiographic, and geographic features of 

the Crow Flats area; describes tne occurrence, flu..:!tuations, 
~..ove::ent, utilization, and quality of ground water in the Bone 
Spring limestone and the alluviuw or valley fill; estiMates the 
quantity of water ~uwped from the prin..:!ipal aquifers in a larger 
area includin the Dell City area in Texas and shows relation~· 
to develop,ent and water levels; n ~es sone con§lusions as to the 
possible developl.•ent of the area. Includes a general geologic and 
de:;?th-to-uater .P, hydrogr:J.phs Jhowing \va.ter-le el fl'l.:!tua.tions, 
a table of 'iJell records, a .d a table of che.d.cal analyoes.) 
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2. Bodine, .:. \-1., Jr., January 1956, Geology of Ca:pi tan 

coal field, Lincoln County, New ~.exico: Nev .exico Bur. Mines 

and Mineral Res. Circ. 35. (Des~ribes the geology of the Capitan 

coal field. Includes a geologic rr~p and descriptions of several 

geologic sections.) 

3. Conover, c. s., 1954, Ground-~~ter conditions in the 

Rincon and .esilla Valleys a d adjacent areas in New ~.exico: 

U.S. Geol. Survey \-later-Supply Paper 1230. (Discusses the oc­

currence and quality of ground waters in the Rincon nd · .esilla 

Valleys of t:1.e Rio Grande. Contains maps sho~'i.ng location of iiells, 

contours on the water table, and depth to water.) 

4. , :rerrick, E. :r., Hood, J. w., and Weir, J . E., ---------
Jr., November 1955, The occurrence of ground water in south-central 

!Iew ~,.exico: N. ... :ex. Geol. Soc. 1 Sixth Field Conference 1 Guidebook 

of south.:entral New xico. (Discusses the general occurrence of 

ground water in the Jornada del Muerto, Tularosa Basir., and adjacent 

areas. Contains a map shoving the generalized geology and approxi­

rante altitude of the water table.) 

5. Darton, N. :I., 1922, Geologic structure of parts of New 

fo~exico: U. S. Geol. Survey Bull. 726-E. (Discusses the t;;eneral 

stratigraphy and structural features of the state, and contains 

several gaologic sand cross-sections.) 

6. _, 19201 "Hed beds" and associated fo:rmations 

in Ne· Hexi-::o: U. S. Geol. Survey Bull. 794. (A general discussion 

of the geolOb7 of the state, containing detailed beologic rtiaps and 

cross-sections of several areas in the state.) 
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7. Darto::1, N. 1928, Geologic map of New Mexico : u. s. 

Geol . Survey . 

o. Dunham, K. C., 1935, The geology of the Organ t..:ountains : 

New Mexico Bur . Mines Bull. 11. (Describes the geology of the 

Organ Mountains in detail and of Dofia Ana County in general . 

Includes geologic maps and detailed maps of several mining 

localities . ) 

9. Follet t , C. R., 1951~ , Records of \ro.ter-level measure-

ents in Culbertson, Hudspeth, and Jeff Davis Counties, Tex.: 

Texas Bd . Water Eng . Bull . 5415. (Gives water-level dat and 

lo~ation of wells in the Dell City area in Texas . ) 

10 . , 1954, Re:::ords of water-level :_easure:....ents ------
in El Paso County, Texas : Texas Bd . Water Eng . Bull . 5417. (Gi ves 

water-level dat and location of welln in El Paso County, ·rexas.) 

11 . Guidebook of southcentral New He::ico: New He:_ico Geol . 

Soc ., Sixth Field Conference, Nov . 11, 12, and 13, 1955 · (Contains 

~eologic road logs east and nor hea;:.;t from Truth or Consequences , 

several geologic papers, geologic maps , and other illustrations . 

Includes the raper "The occurrence of ground \ffi.ter in suuth-

central New Mexico" by c. s . Conover and others . ) 

12 . Hend.rick...,on, C. :::; . , ~..ay 1949, Ground-•rater av ilability 

at co.: .. ~ite of Guadalupe Bo .. ubing Range , Otero Count:', ~~ . ~ex .: 

Ihnuscript report in open files of U. s . Geol. Survey . (A short 

report containing two w.a.ps and t110 pages of text . Discu.:;ses the occur-

renee of ground water in the v lley fill near the ca~zite and 

re~.;Ol ".enJ..s are s for drilling to obtain such water . ) 
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13. Hendrickson, G. E., June 1949, Ground-water resources of 

the Ca.rrizozo a.rea1 New Hexico: Manuscript report in open f'iles of 

u. S. Geol. Survey. (Describes briefly the general occurrence of 

ground water 1 and contains chemical analyses of water from several 

wells and springs in the vicinity of Carrizozo.) 

14. Herrick, E. H. 1 December 19531 Memorandum on the ground-

\rater supply at Holloman Air Force Base, Otero County, N.Mex.: 

1-.ianuscript report in internal files of U. S. Geol. Survey. (Describes 

briefly the wells at Boles well field and makes rec~~nendations for 

a detailed stnd.y of the area.) 

15. ------' February 19551 Summary ot availability of 

ground water in the hea.dquo.rters a.rea., White Sands Proving Ground, 

Dona Ana County, N. Mex. : Manuscript report in internal files of 

U • S. Geol. Survey, and released to the U. S • Army 1 Corps of 

Engineers only. ( S'l.lll:liil8Xizes briefly the occurrence of ground water 1 

ancl contains maps showing the geology, altitude of the '•ater table, 

depth to water, and thi:~kness of the saturated valley fill.) 

16. 1 1955, Ground-water resources of the head-------
quarters (cantonment) area, White Sands Proving Ground, Dofia. Ana. 

County, N. Hex.: u. s. Arrr.y, Corps of Engineers, Albuquerque, N. 

Hex.: (Contains results of a detailed study of the occurrence and 

chemical qua.li ty of ground va.ter. Includes detailed records of 

test holes and wells, analyses of pumping tests, several. maps, and 

other illustr~tions. Est~nates the probabl~ future effects of 

pur.tping and makes recomlnendations for addi tiona.l development of 

ground water in the area. ) 
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17. Herrick, E. II., 1955, Rehabilitation of >rells in t .e head-

quarters area, i..fnite Sands Proving Ground, Dofia Ana County, N. Mex.: 

Banuscript report in internal files of the U. S. Geol. Survey and 

released to U. S. Arrrq, Corps of Engineers only. (Describes pro-

cedures used to rehabilitate four ·Hells, appraises results, o.nd 

makes recommendations for future O.c)e!'ation of the vell .) 

18. , Decerr~ber 1956, Reconnaissance of gr-ound--------
water conditions southeast of Valmont, Oter·o Cou!lty, N. ~lex.: 

r nuscript report in internal files of u. S. Geol. 8urve;y and 

released to u. S. Arny, Corps of En ineers o.1ly. (Describes 

very briefly the occurrenc;e of ground wa.ter in an c.re about 12 

miles south of Boles well fie:a.. Contains a map shm-Tiug the 

altitu e of the wa.te1· table, depth to >Tater, and sulf:.J.t.e content 

of the ground vTater. 1-'".akes recommendations for additional study, 

including test drilling, in the area.) 

19. , July 30, 1957, ~umoary of teLt urilling -------
to date in the Three ~ ive •s area, Otero and Lin--oln Counties, N. ~-.ex.: 

Dittoed report in internal files of u. s. Geol. Survey and released 

to U. S. An:;y, Corps of Engineers only. (Contains loga, che.::ical 

analyses of water, and results of test pumping six est holes in 

the Three RiVe:!:'.., area • ) 

20. Hood, J. w., <larch 1956, Grcund '1ater in -che vicinity of 

the AtJ_as site, Hollo;.ian Air Force Base, Otero County, N. Lex.: 
r~;anuscript report in internal files of U. S. Geol. Survey and 
released to U. S. Any 1 Corps of En ineers only. (Discusses the 
occurrence of ground water and makes recomru.endations for test 
drilling. Contains well tables and a map.) 
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21. Hood, J. w., March 19561 Ground water 1n the vicinity of 

South McGregor Range campsite 1 Otero County 1 N. Mex. : Manuscript 

report in internal files of U. s. Q,:ol. Survey and released to 

U. S. Anny1 Corps of Engineers only. (Discusses the occurrence 

of ground water and makes recommendations for test drilling. 

Contains well tables and a map.) 

22. -----·' March 19561 Summary of results of ground-

water investigations in the vicinity of Boles well field, Otero 

County, N. Mex. : Manuscript report in internal files of U. S • 

Geol. Survey and released to U. S. Army, Corps of Engineers only. 

(Summarizes briefly the occurrence of ground water in the area 

and contains maps showing location of wells, altitude of the 

water table, and sulfate content of the ground water.) _____ , May 1956, Availability of ground water in 

the vicinity or Cloudcroft, N.Mex.: Manuscript report in internal 

files of U. s. Geol. Survey and released to U. S. Army, Corps ot 

Ensineers only. (Discusses the occurrence of ground water in 

the vicinity of' the proposed solar furnace site and makes 

recommendations for test drilling. Contains well tables and a map.) 

24. _____ , 1957, Ground-water resources and related 

g~ology in the vicinity of Holloman Air Perce Base, Otero County, 

N.Mex.: U. s. Army, Corps of Engineers, Albuquerque, N.Mex. 

(Contains results ot a detailed stu~ of the occurrence and 
chemical qual! ty of ground water. Contains detailed records ot 
test holes and wel~s 1 unalyses of pumping tests, several maps, 
and other illustrations. Estimates the future ettects ot pumping 
and makes recommendations for additional development and efficient 
operation ot the well field.) 
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25. Kelley, v. c., Noveruber 1955, Geologic tnp of the Sierra 

County region, Nel·T Mexico: N. 11ex. Geol. Soc . 1 Sixth Field Con-

ference, GuidebOOk of southcentral Ne\J Mexico. (Geologic map at 

scale of approxinately 1 inch= 2.5 miles .) 

26. __________ ,and Silver, c., 1952, Geology of the Caballo 

Mountains: N'. Mex. Uni v. Pub. Geol. Ser. , No. 1~. {A gene .. al 

discussion of the geology, with special reference to region 1 

stratigraphy and ·structure and to mineral resources. Includes 

a geologic map and stratigraphic correlation charts.) 

27. .Keyes, C. R., 1905, Geology and ur.derground water con­

ditions of the Jornada del Muerto, N. '~x.: u. S. Geol. Survey 

Uater-Supply Paper 123. {A brief report of a reconnaissance 

study of the Jornada del Huerta with postulation on possible 

developLent of the ground-water resources of the area. A geologic 

sketch rr~p, several geologic diagran1s, and several photobraphs 

are incluU.ed. ) 

28. King, P. B., 1948, Geology of the southern Guadalupe 

Mountains, Tex.: u. S. Geol. Survey Prof . Paper 215. (Describes 

the geolo~J, geologic history, structure, and stratigraphy of 

the southern Guadalul'e 10unta.ins. Discusses the Salt 3asin vthich, 

at its north end, is adjacent to Tularosa Basin. Contains maps, 

sketches, and sections illustrating the geology and physiography 

of the area • ) 
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29. King, P. B. 1 19491 Regional geologic map of parts of 

Culbertson and Hudspeth Counties, Tex.: u. s. Geol. Survey Oil 

and Gas Inv. Prelim. map 90. (Shows the surface geology of a 

section of the Salt Basin and the southern Guadalupe Mountains 

extending f miles northward into Nev Mexico. Shows the posi­

tion of faults and igneous intrusions.) 

)0. Knowles, D. B., and Kennedy, R. A., August 1956, Ground­

water resources of the Hueco Bolson, northeast of El Paso, Tex.: 

Texas Bd. Water Eng. Bull. 5615. (Contains a general discussion 

of the geology and occurrence of ground water, tables and logs of 

test holes and wells, results of pumping teats, and several maps 

showing the altitude of the water table and saturated thickness 

of fresh water-bearing bolson deposits. Also contains chemical 

analyses of water fron1 wells and test holes and electrical logs 

of test holes. Estimates the quant;i ty of potable water available 

in the area.) 

)1. Kottlowski, F. E. 1 Flower, R. H. 1 Thompson, H. L. 1 and 

Foster, R. w., 1956, Stratigraphic studies of the San Andres 

Mountains, New Mexico: New Mexico Bur. Mines and 1"iin. Res. Mem. 1. 

(A comprehensive description of the stratigraphy with emphasis 

on the almost complete section of Paleozoic sedirr~ntary rocks. 

Contains location maps, graphic columnar sections, several photo­

graphs, and several photomicrographs of sedimentary and igneous 

rocks of the area.) 
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j2. Lee, w. T., 1907, Water resources of the Rio Grande Valley 

in New Mexico and their development: u. S. Geol. Survey Water-

Su1)ply Paper luJ. (A brief but relatively comprehensive report 

of the Rio Grande Valley from Santa Fe, N. t-1ex. to the Texas-New 

!.-texico boundary. Contains three raaps, many photographs, and 

neverul geologic diagrams. Ground-water data are compiled r.ainly 

from existing sources rather than by field observation.) 

33. Leggat, E. R., Aug-1st 1957, .tv1emorandum on the \rater-

supply vells at Biggs Air Force Base, El Paso, Texas: Manuscript • report in internal files of U. s. Geol. Survey a.nd released to 

U. s. Arnry, Corps of Engineers only. (Surnrua.rizes data on the 

water-supply wells at Biggs Air Force Base and discusses the 

effects of rehabilitation of the wells. Discusses rJethods of 

developing additional water for the base. Includes a map showing 

location of wells and test holes in the vicinity, several figures, 

and records of selected wells.) 

34. 
; 

, August 1957, Memorandum on ground-water ------• conditions and suggestions for test drilling in the Logan Heights 

area, El Paso, Texas: Nanuscript report in internal files of 

u. S. Geol. Survey and released to u. S. Army, Corps of Engineers 

only. (Discusses the occurrence of ground water ill the Logan 

Seighta area., and recorr.mends five sites for test drilling. Includes 

Irraps showing location of wells and test holes and saturated 

thickness of fresh water-bearing rr~terials, and records of selected wells.) 
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35 • . eeks, T. o., l~rch 1950, Tne occurrence of ground 

wate r in the Alaru.ogor oo-Tularosa area of the Otero Soil Con­

servat ion District, N • • ;ex . : u. s . Dept . Agr ., Soil Cons . Service 

Reg . Bull . 111, Geol . Ser . 2 . (Discusses the geology and General 

occurrence of ground water . Contains several well logs, tables 
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58. Wilpolt , R. H. , and Wanek, A. A., 1951, Geology of the 

region from Socorro and San Antonio east to Chupadera Mesa , Socorro 
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Well-Numbering System 

The system used in this report of numbering wells and springs in 

New Mexico is_that used by the Geological Survey and is based on the 

common subdivisions in sectionized land. By means of it the number, 

in addition to designating the well or spring, locates its position to 

the nearest 10-acre tract in the land net . The number is divided by 

periods into four segments . The first segment denotes the township 

south or north of the New Mexico base line; the second denotes the range 

east or west of the New Mexico principal meridian; and the third denotes 

the section. All of the area discussed in this report is south of the 

base line, and most of the area is east of the principal meridian . A 

small part of the area is west of the meridian, and in those cases where 

confusion may arise, an E has been placed after the second segment of 

the number if the well or spring is east of the meridian . Also in such 

cases a W has been placed after the second segment of the number if the 

well or spring is west of the meridian . 
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The fourth segment of the number, which consists of three digits , 

denotes the particular 10-acre tract in which the well or spring is 

situated. For this purpose, the section is divided into four quarters , 

numbered 1, 2, 3, and 4, in the normal reading order , for the northwest , 

northeast, southwest , and southeast quarters, respectively . The first 

digit of the fourth segment gives the quarter section, which is a tract 

of 160 acres. Similarly, the quarter section is divided into four 40-

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

the 40-acre tract . Finally, the 40-acre tract is divided into four 10-

acre tracts, and the third digit denotes the 10-acre tr ct . Thus , well 

22 .4. 24 . 222 at White Sands Proving Ground is in the NEiN.EtNEt sec . 24 , 

T. 22 s., R. 4 E., as shown in figure 2. If a well or spring cannot be 

located accurately within a 40-acre tract , zeros are used for both the 

second and third digits. If the well or spring cannot be located more 

closely tt~n the section, the fourth segment of the well number is 

omitted. When it becomes possible to locate more accurately a well or 

spring in whose number zeros have been used, the proper digit or digits 

are substituted for the zeros . Letters a , b1 c, ••• are added to the 

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

wells or springs in the same 10-acre tract . An S in front of the number 

indicates a spring . 

Insofar as possible, those wells in Texas that are referred to in 
this report by a location n~~ber are numbered according to a similar 
system, except tl~t the second segment of the number denotes the block 
rather than the range . Thus, well 1 .78 .6 .140 is in the SEiNwt sec . 6, 
T. 1, Blk. 78 . The blocks contain varying numbers of sections; for 
example , block 79 in township 1 contains 48 sections, but block 81 in 
township 1 he.s an irregular shape and contains 38 sections . 
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GENERAL DESCRIPTION OF THE AREA 

Location and Extent of Area Covered 

The Tularosa Basin is about 120 miles long from north to south and 

averages about 35. r. ilea in width. It extends from the southern end of 

Chupadera •. esa in southeastern Socorro County and western Lincoln County 1 

New I1exico almost to the Ne11 Mexico-Texas boundary in southeastern Dofla. Ana 

County and southwestern Otero County, New ~xico. 

T~e area considered in this report includes all the Tul rosa Basin; the 

western slopes of the Hueco and Sacrmnento Mountains and Sierra Blanca; the . 
southern end of Chupadera •• esa; the Oscura., San Andres, Organ, and Franklin 

iounta.ins; the northern and southern parts of the Jornada. del Huerta; the 

fesilla Valley of the Rio Grande in the vicinity of Las Cruces, New ~~exico; 

the northern part of the Hueco Bolson; the Hueco Plateau; and the Crow Flats-

Dell City area. The total area covered includes rr.ore than 12 1 0.:0 square 

rr.iles and is shown on figure 1 and plate 1. 

Topogra~hy and Drainage 

The Tularosa Basin is an intermontane basin which is part of a large 

structural depression mure than 200 miles lone and from 24 to 6u iles iride, 

extending from southeastern Socorro County, N. i:ex. southwd.rd through parts 

of El Paso and Hudspeth Counties, Tex., and south of the Rio Grande into 

the State of Chihuahua., .~exico. T:-:1e Tularosa Basin is separated fran: the 

Hueco Bolson to the south by a. generally lo\r topographic divide just north 

of the Lrew .... exico-Texas boundary. 

- 27 



The interior plain of the basin has low relief, with altitudes ranging 

from about 4,000 f~et on the south nd west to about 4,400 feet on the north 

and east sides. The surrounding mountains rise abruptly to altitudes of 7,000 

to l2,vv0 feet. 

The floor of the basin contains 1nany playas, ~he largest of which lie 

along the lowest part 01 the basin near its ><estern margin. The springs on 

the floor of the basin, the largest of which are Ha.lpais Spring and those 

along Sa.lt Creek it1 the northern part of the basin, yield only highly mineral-

izecl water. The extensive dunes of gypsum, known as the White Sands, in the 

central part of the basin, and the extensive lava flow, locally called the 

~alpais, in the northern part of the basin, c prise the most striking 

physiograp ic features. 

The Sacra.a1en-to Mountains rise abruptly above the basin floor, forming 

west...rard-facing esc rpr"ents .,ore than l,OuO feet hig.'J.. Sierra Blanca, north-

west of the Sacra.r e1lto ~~ountains, contains the highest peak in the area, 

12,000 feet above sea level. The Sierra. Oscu:..'J., San Andres, and Organ Moun­
;, 

ains, which have pea.ks 1·angh.g fro~ 7, OC ) i;o ~ 9, 000 feet in altitude, 

separate Tu arosa B sin from the o:Jor·u.ada del duerto to tbe i'rest. A fe1< 

spri gs and perennial streams oecur in ~he uountains; tne largest of theoe 

are in the SacrB.luento Mountains and Sier:r:a Blanca. at the east side of the 

basin. 
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The Jornada del Muerto, a broad, essentially flat synclinal basin, lies 

between the Sierra Oscura , and the San Andres and Organ Mountains on the east 

and the Fra Cristobal and Caballo Mountains and the Rio Grande Valley on the 

west . This basin ranges from 12 to 30 ruile s 4fi wi-dth and is approximately 

120 miles · length from north to south . The eastern bounaary of the J ornada 

del Muerto is somewhat more distinct than the western boundary because of the 

continuous positive relief, whereas the western boundary consists of an eleirrent 

of negative relief, the Rio Grande valley, over about :1alf its length. 
1
jery 

fe"' phyBio raphic highs ~-&t-in the Jornad.o. del Muerto to break the monotony 

of the sliuhtly undulating surface of the basin . 

~-e floor of the Jornada del Muerto contains rnany playas but nc ~ere~ial 

streau3 • The only springs near the basin are in the surrounding mountains , and 

most of these yield only srrall quantities of water, much of which is impotable . 

The :Iueco Bolson, south of Tularosa Basin, trends northwest-aoutheast 

and has an average width of about 20 to 25 miles . Its length is about 40 miles 

along its west side and about 60 miles along its east side. On the west the 

bolson is bounded by the FranY~in Mountains, and on the south by the Sierra del 

Presidio, Sierra de Guadalupe in .1exico, and the Rio Grande. On the east it 

is bounded by the Quitman, 1alone, Finlay, and Hueco Mountains . The floor of 

the bolson appears to be •• early level plain, but actvally its altitude ranges 

from les"' tl~'ln 3,900 feet along its west .;,ide near Fort Blis31 to more than 

4, 200 feet bove sea level on its east side near the Hueco Mountains . The 

Rio Grande, which crosses the western part of the bolson a~d forms part of its 

south\Tebtern boundary, is the only pere mial strea.r: L the bolson. Only the 

northrestern ·rt of the Hueco Bolson in southern Dona Ana and Otero Counties, 

New Mexico, and El Paso County, Texa' is discussed in this report . 
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East of the Hueco Bolson the Hueco Mountains form a more or less regular 
~ I 

escarpment about 11 000 feet ia bQ~0 t . This escarpment f orms the western 

boundary of what is referred to in this report as the Hueco Plateau, an east-

ward-sloping highland south of the Sacramento Mountains . The Hueco Plateau 

is more than 51000 feet above sea level on the west , and slopes to less than 

4,000 feet above sea level about 45 miles to the east where it forms the west-

ern boundary of the Crow Flats-Dell City area . The plateau contains several 

larg_ basins at the southern end of drainages originate in the Sacramento 

:tlountains . 

est of the Hueco Plateau and bounded on the east by the Brokeoff and 
. 

Guadalupe Mountains, is a lon· , closed, t opographic depression known as Salt 

Basin (fig . 3) . That part of the depression discussed in this report as the 

Crow Flats-Dell City area extends from about 35 mil es north to about 20 miles 

south of the New Mexico-Texas boundary, and its average width is about 20 

miles . The southern part of the area is occupied by large playa lakes , locally 

called the Salt Lakes . 

Climate 

The climate of the basin areas discussed in this report is typical of 

the continental arid regions of southwestern United States . The days generally 

are clear and warm even in the winter, but the diurnal range in temperature 

is large . High winds and sandstorms are common in the spring . 
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The avera;e aDDual precipitation in the basin areas is less than 10 inchesJ 

at the White Sands Proving Ground Air Weather Station the aYerage annual pre­

cipitation tor the period 1948-195, was 8.,1 inches. In the foothills of the 

surrounding mountains the average annual precipitation is about 12 inches, and 

in the higher mountains it is more than 25 inches pel'-.yeer. A large part of 

the precipitation occurs in heavy showers ot local extent, largely in July, 

August, and September. 

The average relative humid! ty ot the basin areas probably is less than 4.o 

percent. The average annual evaporation at the Jornada Experimental Range west 

• of the San Andres Mountains at an altitude of 41 265 teet is 96 inches. The 

mean annual temperature at this station is 59• P. 

• 

General Geology 

The Tularosa Basin is essentially a graben, bounded on both the east 

and west sides by tilted tault-block mountains and, in pert, by batholithic 

intrusives. Paulting has produced steep scarps on the west side ot the 

Sacramento Mountains and the east side ot the San Andres Mountains. In the 

Sacramento Mountains the strata dip gently to the east, and in the San Andres 

Mountains they dip to the west. In the central portion or the basin, Permian 

rocks are exposed in several low hills trending north tram the Jarilla Moun-

tains. These low hills suggest a partially buried fault-block ridge, indicating 

pos.sible step-taul ting along the east side of the basin. Southward, the 

Tularosa Basin is separated by a generally low topographic divide tram the Hueco 
Bolson, vb1ch also is bounded by steep scarps on the vest side or the Hueco 
Mountains and on the east side ot the Pranklin Mountains. On the north, the 
Tularosa Basin is bounded by the nearly horizontal strata comprising the 
Chupedera Mesa. The basin noor is underlain JF.&tly by unconsolidated bolaon 
deposits or varying thickness that exceed 4,ood~\t the southern part or the 
basin. . 



The Jornada del Muerto is a synclinal basin , bounded on the east 

by the westward dipping strata of the ~n Andres Mountains and on the 

west by the eastward dippi.ng strata of the Caballo Mountains and the 

Fra Cristobal Range . The rocks of Sierra Oscura , along a part of the 

eastern boundary of the Jornada del Muerto, dip eastward a~ffl.Y fran the 

oasin and under the Chupadera Mesa. The bolson deposits covering ~he 

floor o! the Jornada del Muerto apparently have a considerably less 

average thickness than those in the Tularosa Basin and probably are not 

more than 500 feet thick in much of the Jornada del Muerto . 

Precambrian rocks, consisting mostly of granite nd same metamorphic 

rocks, crop out along the east flanks of the Franklin, Organ, and San 

Andres Mountains, along the west flank of the Sierra Oscura, and in a 

few places at the base of the Sacramento Mountains southeast of Alamogordo . 

The Organ Mountains and Sierra Blanca are composed mainly of intrusive 

rocks, flanked by volcanic rocks, probably of Tertiary age . The youngest 

consolidated rocks in the region are the Recent b salt sheet in the 

northern p~rt of the Tularosa Basin west of Carrizozo and possibly the 

~ basalt in the Jornada del Muerto northeast of the Fra Cristobal Range . 

Sedimentary rocks in the region range in age from Cambrian through 

Recent . The pre-Mississippian rocks are thickest in the southern part 

of the regio~ and pinch out in the Sierra Oscura . Cretaceous and 

Triassic rocks are present mainly in the northern part of the region, 

although Lower Cretaceous sedimentary rocks have been mapped along the 

west side of the Franklin Mountains and in the Hueco and Cornudas 

Mountains . The following descriptions of the sedimentary rocks are based 

largely upon Kottlowski and others (1956). 
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The Bliss sandstone, of upper Cambrian and Lover Ordovican age (apparently 

the formation transgresses the time boundary and is enerally younger fig~ in 

the northern part of the r gio.) .ws thickness of 225 feet in the type section 

in the Franklin Mountains, varies from 6 to 120 feet in thickness in the 

~cramento Mountains, and pinche out in the centr 1 part of Sierra o~cura. 

The Bliss is a basal sandstone unit, con~aining muc quartzite and so e indurated 

hales. 

~~e 1 Paso limestone is of Lover Ordovician age and conformably overlies 

sandstone in most of the region. Nearly 1 1600 feet of the formation 

e n measured :fn th~ Franklin Mountains. It has a maximum known thickness 

of out 420 eet in the cramento -tountair.s 1 760 f ··et in the San Andres Moun­

tains, and is only about 40 feet thick at Mockingbird Gap at the northel~ end 

of the .... Andres ountains. The fo tion consists mainly of ma ..,ive limestone 

nd dolomite. 

The Montoya limestone of upper Ordovician age is separated from the under­

lyin El Paso lim stone by an unconformity and, in many placeu1 by the Cable 

Canyon sand~tone wedge. The formation is about 250 feet thick in the southern 

part of the region and thins to about 30 feet at the northern end of the San 

Andr a 10~,tains, pinching out in the Sierra Oscura. The formation in the 

~cru ento Mountains con ist of two units, the lower massive cherty dolomite 

u it a taining a ximum thickness of about 225 fee~, and the upper limestone 

unit attaining a total thickness of about 200 feet. 
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The Pusselman dola.ite, of Silurian age, contormab~ OYerlies the Montoya. 

The formation has a thickness ot about 11 000 feet in its type section in the 

Pra.nklin Mountains and a maxillum thickness ot about 100 teet in the Sacramento 
:r·r 

and San Andres Mountains. ~ fota~i• is absent in the northeastern part of 

the Sacramento Mountains and pinches out about 6 miles south ot Rhodes CAQYon 

in the San Andres Mountains. The russellllan is a relatively pure, massive-bed-

cled 4olomi te. 

Devonian rocks are represented in til:~. a :re~on by thin un1 ts ot shale 1 

siltstone 1 and limestone that have ~~e~ o.ssigned to several formations. The 

' aggregate thickness ot Devonian rocks in the sacramento Mountains is about 100 

teet and in the San Andres Mountains about 8o teet. '!'be a.vca1an rocks uncon-

tormably overlie the PUaselman dolomite in most places but rest directly on 
limestone 

eroded El Paso1~ in the central part ot the San Andres Mountains. 

Misaiaa1pp1an rocks 1n this ~~~i~C::..:lJ: ~~rated trom the Dovonian by an 

unconformity. The 1Uaa1ss1pp1an eee'biea aaa a maXim\D thickness ot about 300 

teet in the San Andrea Mountains and possibly 4oo teet in the Sacramento MOunt-

aiDa·. They have a thickness ot only 20 teet near Mockingbird Gap at the north-

ern end ot the San Andres Mountains and are absent in the Sierra Oscura. The 

M1aa1asipp1an bas been divided into tive formations 1n this region. 'lbe Caballero 

tor.tion consiats ot ailty, calcareous ahale and nodular limestone, probably 

bav1ng a total thickness ot about 6o teet in both the Sacramento and San Andres 

Mountaina. 'l'be overlying Lake Valley tOl'llfltion consists ot limestones and shales 1 

represeDted by six •embers 1n the San Anclres MountaiDs 1 and attains a total 
tbiclmesa of nearly !too teet in the aOuthem part ot the San Andres Mountains. 
'l'be overlying Las Crucea and Banche:rtia formations, consiating ot hard, grayish-

. black' limeatones 1 have a total thickness ot a boat 300 teet in the !Pranklin 
Mountains 1 and are present 1n both the Sacramento and San Andres Mountains. 'nle 
Helms tomation, consiating mostl1 ot siltetODe and shale 1 is present in the 
Sacramento Mountains but apparently 1& absent in the San Andres Mountains. 
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Pennsylvanian rocks in this region comprising mainly the Sandia 

and Madera formations ot the Magdalena group are about 3,000 feet thick 

in boti1 the Sacramento and San Andres Mountains and thin to less than 

1,000 feet at the north end of Sierra Oscura. The Pennsylvanian strata 

consist ot a wide variety ot rocks, mainly clastic in the lower part 

and masaive-bedded limestone with interbedded shale in the upper part. 

Permian rocks are widespread in this region, forming the back 

slopes of the San Andres and Sflcramento Moun'tains and Sierra Oacura and 

capping the Chupadera Mesa and most or the Hueco Plateau. They tom 

the principal aquifer in the Crow Flats-Dell City area and probably 

underlie the bolson deposits in the northern pert of the Jornada del 

Muerto and in moat or th~ Tularosa Basin. 

The Bursum formation, consisting mostly ot arkose, limestone, and 

interbedded shale, intertingers with Pennsylvanian rocks north of this 

region and with the Abo formation in the Sacramento Mountains and 

probably has a maximum thickness of about 300 teet in the Sen Andres 

Mountains and about 4oo teet in the northern part ot the Sacramento 
Mountains, near Tularosa. The overlying Abo formation conaiata mostly 
or red shale and sandstone having a maximum reported thickness of about 
1,400 feet in the subsurface northwest ot Carrizozo. 

The Abo formation interfingers with and grades into the Hueco lime­
stone, which is about 1 1 500 teet thick in the Hueco Mountains. The 
Hueco limestone thine to about 300 teet at the north end ot the San 
Andres Mountains and apparently is absent in the northern Sierra Oscura. 
The Hueco apparently represents a marine taciea or the Abo formation. 
The Yeso formation, overlying the Abo formation and consisting of gypsum, 
red shale and eandatooe, and limestone, has an average thickness of about 
11 000 teet but ranges trom a few hundred to as much as 4,000 feet 
(reported in an oil test northwest ot Carrizozo). The latter thickness 
may be due to a local thickening caused by gyps liD and ha 11 te flowage. 
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The Glorieta sandstone overlies and intertonguea vi th the Yeao 

formation and baa a thickness ot several hundred teet in the area 

around Corona, Bew Mexico, but thins aouthvarct to lea a than 50 teet 

at the south end ot Chupadera Me... In much ot the area ot this 

report the Glorieta is not a mappable unit. 

Overlying the Glorieta sandatone are limestones, dolani tea, and 

sane aandstonea ot the San Andres formation, which baa a maximum thick-

neaa ot about 700 feet in the Sacramento Mountains. In the San Andrea 

• Mountains the formation apparently has a maximum thickness ot about 

• 

6oo teet. The Bone Spring limestone, which underlies the Crow nata­

Dell City area, consists mostly ot gray to black liaeatone. Tb.e tora­

tion ia about 1, 6oo teet thick in the Guadalupe Mountain a, but ita 

thickness under the Crow nata-Dell City area ia not known. The Bone 

Spring li.Jieatone ia correlative with the Yeso and lower part ot the 

San Andrea formation to the west and northwest • 
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In the northern part of the region red and reddish-purple siltstone, 

shale, and sandstone of the Dockum group (or formation) of Triassic 

age are present. They occur in scattered outcrops in the vicinity of 

Carrizozo and south ot Three Rivers and underlie the Dakota sandstone in 

the prominent cueste east of the Malpais and southwest of Carrizozo. 

Triassic rocks are present at one small loeality in the San Andres 

Mountains, north of Rhodes Pass. They also crop out in the Three Rivers 

area and in a relatively large area about 15 miles north or Carrizozo. 

No rocks of Jurassic age are known to occur in this region • 

Lower Cretaceous rocks have been mapped along the west side of the 

Franklin Mountains and in the Hueco and Cornudas Mountains. Cretaceous 

rocks in the northern part ot the region include the Dakota sandstone, 

consisting mainly or light-gray to white quartzitic sandstone and 

ranging in thickness tram about 50 to possibly 300 teet. This unit 

crops out in the Caballo Mountains, in the Carthage coal-field area 

north of Cerro Colorado1 in the Three Rivera and Carrizozo-White Oaks 
area, and at the east side ot Sierra Blanca. Dlkota sandstone caps 
the prominent cuesta east ot the Malpaia and southwest ot Carrizozo. 
The Mancos shale, consisting mostly of gray to black and some green 
shu le and sane thin limestone and sandstone beds 1 overlies the Dakota 
sandstone. The thickness of this unit in the Oscura-Three Rivers area 
has been estimated to be at least 1,000 teet. However, the contact 
bet~een the Mancos shale and the overlying Mesaverde formation is some­
¥Jhat arbitrary, and sane ot the rocks in that area assigned to the Mancos 
may be Mesaverde. The Mesaverde formation consists of shale, siltstone, 
and sandstone, with local coal beds and has a total thickness ot more 
than 500 feet in the Three Rivers area. In the Carthage coal field about 
1 1 000 feet of Mesaverde has been encountered in test drilling, and more 
than 2,000 feet of the unit has been noted in the Caballo Mountains. 
The McRae formation ot Kelley and Silver (19521 p. 115) 1 consisting in 
the lower :part of the shales and sandstones similar to those of the W1der­
lying Mesaverde formation and or conglanerates, tutts, siltstones, and 
sandstones in the upper part 1 has been mapped in the northwestern part ot 
the region between the Caballo Mountains and the Fra Cristobal Range, on 
the east side of Elephant Butte Lake. The formation has an estimated 
thickness ot 31 300 feet in the type locality and apparently is of late 
Cretaceous age. The McRee formation ot Kelley and Silver apparently is 
restricted in outcrop mainly to the area between the Caballo Mountains 
and the Fra Cristobal Range, although it may have equivalents 1n other 
parts of the region. 



Tertiary rocks are widespread throughout the region under 

discussion. On the eastern,northern, and western flanks of Sierra 

Blanc and in the outlying hills between Three Rivers and Carrizozo, 

yellow to gray sandstones, siltstones, and variegated and red shales 

have been assigned by Bodine (1956, p. 8) to the Cub Mountain forma­

tion. These rocks may be correlative with the McRae formation of 

Kelley and Silver and may be Cretaceous in age. The thickness of the 

formation is at least 500 teet and may be as much as 1 1000 feet. The 

Baca formation, consisting of grayish-red conglomeratic sandstones, 

siltstone~, and c~glamerates, is prominently exposed at the west side 

of Cerro Colorado. This formation, possibly as much as 1,000 feet 

thick, apparently is Eocene in age. In the foothills of the San Andres 

ountains and along the west side and at the south end of the Organ 

Mountains, conglomerates and siltstones comprising a total thickness 

of about 2,000 feet have been assigned to the Love Ranch formation by 

Kottlowski and others (1956, p. 69). The age of the formation is not 

known, but it is believed to be apprOKimately correlative with the Baca 

formation and probably Eocene. In the Cerro Colorado area, a thick 

sequence of volcanic rocks including minor amounts of conglomerate have 

been assigned to the Datil formation. The formation has an estimated 

thickness of about 11000 feet and is post-Baca, probably Miocen , in 

age. Sandstones and sands of the Santa Fe group of Miocene to Pleistocene 

age probably make up an appreciable part of the bolson deposits in the 

Jornada del uerto and the Tularosa Basin. The thickness of the group in 

these basins is not known, although along the Rio Grande ~ lley in southern 

New Mexico more than 21000 feet of Santa Fe rocks have been described. 
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The upper parts of the bolson deposits are Quaternary in age. The 

thickness of the Quaternary section of these deposits is not known but 

probably does not exceed 500 feet in nost places. T:~ese deposits are n1ostly 

unconsolidated, consisting of clay, sand, and gravel derived from the sur· 

rounding higher areas. Quaternary deposits are w~despread along the stream 

valleys and in the lower areas. These deposits constitute the n.ost 

important single source of ground water in the region. 

General Occurrence of vlater 

Because of the range in clin;atic conditions in the Tularosa Basin and 

adjoining areas, and because the many kinds of rocks present differ greatly 

in their capacity to absorb, store, and yield water, the occurrence of both 

surface and ground liater varies greatly in different parts of the area covered 

by thL., report. 

It is not the purpose of this report to discuss surface water in the 

area in great detail; however, the Llore important perennial streams will 

be mentioned here and some vill be discuzsed in other sections of the report • 
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The only important occurrenceq o~ surface water, aside trom infrequent 

flood flows, are the Rio Grande and several otreams in the Sacramento Mount ins 

and ierra Blanca. Rio Bonito, ~agle Creek, and Rio Ruidoso, on the east slop 

o~ ierra Blanca, are tributary to the Rio Hondo. Rio Bonito water is stored in 

Bonito Lake, from which the water is diverted to the Alamogordo-H llo. n Air 

Force Base area through the recently constructed Bonito pipeline. Eugl~ Creek 

is under consideration as a possible source of additional water to the Tularosa 

Basin communities. On the west slope of ierra Blanca, the Three River drainage 

system contains some perennial flows in the upper p rts of Three River~ Canyon 

and Indian Creek. Both the surface and ground water of this area are being 

studied in some detait and are treated at greater length in a late · section of 

this report, Rio Tularosa is an important perennial stream northe t of the 

town of Tularosa, The water from both Rio Tularosa and the La Luz-Freznal drain-

a~e system, southeast of Tularosa, probably is fully appropriated; however, con-

sider tion can be given to the purchase of water rights on these strea s. At 

the south end of the Sacramento Mountains is the Sacramento River VL~Cl ~lows 

ward 
southAto the so-called Hueco Plateau. The principal water right o. t ~ -era-

mente River is owned by the Southern Pacific ailroad but repor~·dly can be pur-

chased. 
,J 

The Rio Penasco, east of Cloudcroft on the east slope of the ~cramento 

Mountains, furnishes water to the Pel1asco Valley and is not discus ed in this 

report. 

The occurrence of round water in the area of this report is extr , ly varied, 

both as to the quantity available and the chemical quality. The Rio Grande 

valley south of Truth or Consequences contains one of the most dependable sup-

plies of water in New Mexico, whereas large areas in the Jornada del Muerto and 
apparently 

Tularosa Basin~have no usable water supplies. 
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The intrusive i 0 neous rocks generally are rel ativel y impermeabl e and, 

consequently, are poor aquifers and act as barriers t o the movement of \Ia ter 1 

except '1-lher e they are fractured or >feathered. The Precambrian eranitic and 

mztarnorphic rocks eA~osed along the west-facing cacarpment of the San Andres 

t-1ountains , and the Tertiary intrus!ve rocks of Sierra Blanca and the Or-.,an 

Mountains do not readily absorb precipitation but arc important areas from 

Which water runs off to adjacent r8as where it b comes available for ground-

·ater rcc rge . A few springs occur in those rocks , and the water from those 

e spril..gs generally is not highly mineralized. Most of the fine· rained igneous 

extrusives ~re similarly imperm able , but some basalt flows are extremely per-
• 

meable, nd re:pr::sent important recharge areas because precipitation is readily 

absor d before much of it evaporates . Also, the more recent basalt flows , such 

as those in the northern parts of the Tularosa Basin and the Jornada del Muerto, 

support very little ve,etation ~might intercept the precipitation before 

it reaches the 'vater table . 
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The Bliss -sandstone and the dense li eston's of early Paleozoic age, ex 

posed in the southern rt of this area, mainly in the San Andres, Franklin, 

and Sacramento Mountains, are relatively impermeable and are not important aq-

uifers. Springs issuing from those rocks in the mount ins yield only small 

quantities of water, which enerally is hard but potable. The Madera limestone 

of t e ~nnsylvanian Magdalena roup yields small quantities of water to stock 

and domestic wells in the vicinity of Or an, along the east slope of the Oscura 

Mountains , and elsewhere . In some parts of New Mexico the Madera reportedly 

yi lds sufficient quantities of water for irri ation, although these occurrences 

a e localized, as in the western part of the Estancia Valley . Ground water 

...eE~t;tr.--1!~~ in the Madera general~y has a high carbonate hardne s but is potable , 

unless it has dissolved objectionable mineral matter from other rocks be ore 

reaching the Madera. The Burs~~ and Abo formations of Permian age yield 

rela~ively small quantities of water to a few stock and domestic wells in the 

northern part of the Tularosa Basin. A well at Mockingbird Ga , between the 
qpJ¥'1 

Oscura and san Andres Mountains, produces 30 :;•Vf=ru pa lilubtL; J. om a fault 

and the well 

is not capable of this yield steadily or more than a few months . 

The Yeso fo .nntion of Permian a e is an aquifer in some areas , but eneral-

ly the fonnation contributes calcium sulfate, and other minerals , to the ground 

forr tio on Chupadera Mesa is impotable or nearly so . Much of the high sulfate 

in the valley fill in the northern parts 

of the Tularosa Basin and the Jornada del Muerto has been derived from the gypsum 

a d gypsiferous silts of the Yeso formation. The Glorieta sandstone may furnish 

some water to wells on Chupadera esa , but , except where the uandstone is 

'ractur~..: 1 the ormation yields relatively s all quantitie., of vater . 
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· The San Andres formation yields water to some wells on Chupadera 

sa and is a very important aquifer in the Roswell basin . In the 

southern part of' Chupadera Mesa the formation contains a considerable 

amount of gypsum; consequently, in that a th ground water in the 

formation is po ble only locally where it has moved only short distances 

through the formation . Gypsum is relatively imperm ble unless it 

contains solution channels or fractures , and ground water in gypsum 

generally contains large quantities of sulfate and is impotable . 

ost of' th Meso~oic sedimentary rocks in this area are not good 

aquifers, lthough som of the Cretaceous sandstones yield small 

quantities of wat r to wells in the northeastern part of the Tularosa 

Basin in the vicinity of carrizozo. Generally, the water obtained 

from these sandstones in this area ia impotable . 

Th Tertiary and Quaternary unconsolidated alluvial deposits 

contain the most important aquifers in the area . For th most part, 

the e deposits are rel tively very rmeable•-particularly the coarse 

stre m-laid floodplain deposits along the Rio Grande , where m ny irriga­

tion wells yield more than 1,000 gpm. The alluvial deposits generally 

contain water of good chemical quality along the margins of the basin , 

but the round water becomes increasingly mineralized toward the centers 

of th basins. In some areas, as in the north•central p rt of the 

Tularosa Basin, the ground water even in the marginal deposits is 

highly mineralized, partly because the deposits have been derived from 

gypsiferous rocks nd partly because the ground water has migrated 

rom rocks containing readily soluble minerals . 
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·As a guide in the clasoification of waters for v rious uses , the U. S. 

Public Health Service (1946) has indicated that 1 f'or i nter atate carriers , 

drinking water should contain not mor e than 11 000 ppm (parts p~r mill ion) 

and preferably not more than 500 ppm of dissolved olids . 0 ater coot ini ng 

sev~::ral thousand ppm of dissolved solids , however, is often use for irrigation 

a d for wat ring stock . &ulfate and chloride are the principal und~sirable 

constituents of ground water in south-central New Mexico . Both, in association 

with calcium and magnesium, contribute so-called .. permanent" hardness w i ch is 

difficult and costly to remove . According to tne standards adopted by the U. 

Public Health Service (1946), water u d for domestic purposes should not con­

tain more than 250 pp of either sulfate or chloride . In most of the J rnada 

del ur to and Tularosa Basin the ground waters dQ ot meet t ese stanaards . 

Many of tne waters derived from the ~imestoneq contain bicar bonates of calciwn 

and magnesium, causing the vreter to have a "temporary'' hardness , whicl generally 

is rer.1oved easily . Some waters contain less common mineral consti tucnts , .:mch 

as fluoride and nitrate , in objectionable quantities . These constituents are 

difficult to remove but , fortunately , usually are not present in large uantities. 

1 - 44 



SUMMARY OF AVAILABILITY OF WATER 

This report covers a region that includes more than 12,000 square miles, 

and the geology, topography, and even the climate to a large degree among 

of the region. Consequently, the occurrence of water also 

different parts of the region. 

Insofar as possible, an attempt is made in this report to appraise the water 

resources of the region, both qualitatively and quantitatively. It must be 

realized that, because of the paucity of data in some areas, the estimates of 

e available water are not of consistent accuracy. However, it is believed that 

most of he estirnntes are in the right order of magnitude and will have value 

for pla ning urposes when used with this realization in mind. 

With Tegard to potable and inferior water as defined below, the amount of 

water that can be developed as a dependable, long-term yield has been estimated, 

wherever possible. conomic factors affecting developments have been largely 

ignored, but physical factors have been considered in attempting to estimate 

the quantities of such water that can be developed feasibly. Some of these 

physical factors are: 1) the estimated area underlain by potable water; 2) the 

estimated average potential yields of wells; and 3) the estimated number of 

such wells that can be developed without seriously overpumping the aquifers. 
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In attempting to estimate the quantity or water available in the region 

covered by this report, it was apparent that impotable water, as defined below, 

could best be estimated as the total quantity of such water in storage. In 

much of the region practically no data are available on the yields of large 

wells producing impotable water, because such wells have been developed only 

in areas where crops can be irrigated with the water. It ahould be emphasized 

that the quantity ot ground vater stored in an area does not represent the 

quantity or water that can be recovered by pumping. The latter quantity depends 

upon a great many factors, both physical and economic, many of which cannot be 

considered in this report. The physical factors, or course, are not constant 

from area to area, and the economic factors can be evaluated only tor a certain 

time under certain conditions. A development that is economically int~asible 

one day may be entirely feasible the next day, or ODe that is economically in­

feasible in one area may be feasible 1n another. 

In the region covered by this report, sultate and chloride are the prin-

cipal minerals that render much ot the wat.er unfit for human conswnption. 

Generally, if neither ot the&e constituents is present in objectionable quantities, 

the wuter does not contain other dissolved minerals in objectionable quantities. 

In this report 1 the term, potable 1 has been used for water that contains less 

that 250 ppn sulfate e.nd less than 250 ppm chloride, as recommended by the U. s. 

Public Health Service (1946). Water containing between 250 and 500 ppm ot either 

sulfate or chloride and less than 750 ppm ot both is called interior, or near 

potable. Water c~~taining more than 500 ppm sulfate or chloride or more than 

750 ppm of both is called impotable. 
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The chemistry of w ter and the eff cts on the human body of drinking 

water of various chemical qualities are very complex subjects , and it is beyond 

the scope of this report to discuss the physiological effects of drinking water 
Although 

that co .... Jtains excessive quantities of dissolved minerals . ~~~ t!, _ standards 

for drinking water established by the U. S. Public Health S~rv~ce are used 

in this report to define potable water, it should pe emphasized t.1at in many 

parts f south estern United States the available water does not meet t hose 

rds, and water co~tai ing d s~olved minerals 
tf~r\ 

in much hi her concentrations 

is used apparently without~ physiolo~ical effects . In fact , some military 

ins~allation in the Tul&ro~& Basin pre ently are usins water that contains 

c nsi era ly higher concentrations of dissolved minerals than recommend · by 

the U. ~ . ublic Health _rvice , because water of better chemical quality is 

not av· i1 ble . 

Probably most waters in at least the lover rt of the near- potable , or 

i erior, zange , as defined above , should be considered potable but undesira le , 

at least wher water of better chemical quality is not available . In many cases, 

ter even in the higher rt of the near-potable ran e usually cart be us d for 

e hort periods or c· n be mixed with less mineralized 'ater to produce a potable 

p·oducb . Thus, it is apparent that a computation of the quantity of potable 

water in the re ion dces not represent the quantity of ~ater in the region that , 

by careful development and utilization, can be used for potabl.e purposes . lso, 

it is possible that much of the water that is impotable in its natural occurrence 

ca~ be successfully demineralized by one of the several methods that have been or 

ar being developed . These possibilities are not considered in detail in this 

report but obviously must be considered in any long-range plans for full 

d velopment of the water resources of the region . 
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Potable Water 

The largest supplies ot potable ground water 1 as defined above, 

in the region covered by this report (pl. 1) are 1n the Rio Grande 

Valley in the vicinities of Bosque del Apache and tas Cruces, New 

Mexico, and in the southwestern part ot the Tularosa Basin and north-

western part ot the Hueco Bolson, between White Sanda Proving Ground, 

:New Mexico, and Bl P8so, Texas. Potable ground water also underlies 

parts of the southern Jornada del Muerto and relatively 8111811 areas 

at the sides ot the Tularosa Basin. In the rest ot the region potable 

ground water has a very limited occurrence 1n very .. 11 areas. Potable 

surface water occurs in Rio Bonito 1 Bagle Creek 1 and Rio Ruidoso on the 

east elope ot Sierra Blanca, the Three Rivera drainage system on the 

west slope ot Sierra Blanca, the Rio Penasco east of Clou4crott on the 

east slope ot the Sacramento Mountains 1 and the Sacramento Jti ver at the 

south end ot the Sacramento Mountains. Moat ot the surtace water has 

been appropriated, and only the Three Rivers drainage and the Sacramento 

River are discussed in this report • 

It has been estimeted, oo the basis ot very limited data, that 

possibly as much as 301000 acre-teet ot potable water can be pumped 

annually frca wells in the Rio Grande Valley in the vicinity of Bosque 
del Apache, south ot San A.iltalio, Bew Mexico (pl. 2). This estimate is 
bas~d on the assumption that at least 25 wells yielding an average or 
about 11 500 gpm can be developed 1n that area. Only two large-capacity 
wells have been constructed in the Bosque del Apache by the u. s. ftsh 
and Wildlife Service; one reportedly was tested at a rate ot 11 500 gpm 
and tile other at a rate of more than 2,000 gp~. This area is within 
the Rio Grande Underground Water Baain that has been closed to additional 
appropriation ot water, except tor daDestic use, by the State 'lngineer 
ot New Nexico. PreaUIIIBbly 1 additional large vella can be developed 1n 
this area only it appropriations ot eurtace and/or ground water equaling 
in quantity the amount to be pumped tram the new vella were discontinued. 
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The Mesilla Valley of the Rio Grande 1n the vicinity ot Las Cruces, New 

Mexico (pl. 18), is underlain by large supplies ot potable and interior ground 

water. This pe.rt ot the Rio Grande Valley is much larger and contains a con-

aiderably larger supply of ground water than the Bosque del Apache area. It is 

estimated that at least 2 1 5001000 acre··teet ot potable and near potable water 

are stored under that pert ot the valley shown on plate 18 between Leasburg Dam 

and the south line ot T. 24 S. However, it is esti•ted that only about 20 per-

cent of this ground water is ot potable chemical quality, as ~tined in this 

report. Also, the area is extensively developed tor irrigation, both by div-

ersions from the Rio Grande and by wells. Although this part ot the Rio Grande 

Valley has not yet been closed to additional development by the State Engineer 

or New Mexico, all the surface water is tully appropriated and any attempts at 

additional large-scale development ot ground water in the valley undoubtedly 
' '.t 

LA-'·-' u. 
we~14 be met with strong protests tram local and down-stream users of the water. 

In the southwestern part ot the Tularosa Basin and the northwestern part ot 

the Hueco Bolson a zone of potable ground water extends tram the headquarters 

area of White Sands Proving Ground along the east side ot the Organ and Pranklin 

• Mountains to the El Paso area (pls. 15 and 16). Xnovles and Kennedy (August 

1956) estimated that the Hueco Bolson in lew Mexico contains about 6.2 million 

acre-teet of theoretically recoverable potable water and that the bolson in 

Texes contains about 7.4 million acre-teet ot theoretically recoverable potable 

water. They state that by proper well-field planning at least 50 percent ot the 
CA.,\ 

potable water in storage probably ~4 be recovered before the water becomes so 
contaminated by highly mineralized water as to be unusable t~ public supply. 
The average annual pumpage of ground water in the El Paso area east ot the Prank­
lin Mountains in 1954 was about 28 million gallons a day (Knowles and Kenne~, 
August 1956, p. 46) or about 301 000 acre-teet per year. The headquarters area 
~f White Sands Proving Ground (pl. 16) was not included by Knowles and Kenneey 
in their estiJDate of the quantity ot potable water 1n storage. .Pumpage in 
that area i~e!~~4 was about 11 000 acre-feet per year 1 and probably that rate 
of pumping be maintained tor a long period of time without seriously 
denletina the ~round-WRt~r resoureP.A of thP. ArP.A. 
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In the Bolea vell•tielcl area, south ot Alamogordo, 1. Max. (pl. 

10), an area ot about 8 square miles is underlain by potable ground 

water 1 as cletined 1D this report. atring 1955 about 249 lllillion 

gallons, or more than 750 acre-teet, ot water waa pumped in the Boles 

well fiel4. It ia estimated that the maxim..- c!ependable yield ot the 

Bolee well tield is not more than 1,000 acre-teet per year, and 

Hood (1957, p. 195) believes that saline water would eventually 

encroach even it pumping were continued at only one-halt the 1955 

• rate. 

Potable ground water underlies a part ot the southern Jornada 

del Muerto 1n the vicinity or T. 21 s., It. 2 B. where well 21.21.14.300 

reportedly yields about 1,000 gpa ot water containing only about 500 

ppn total solids. Additional data are needed to tully evaluate th1a 

occurrence ot potable ground water. Hovever, it 1a estimated that at 

least 1.5 million acre•teet ot potable water underlies an area or about 

300 square miles there. 

• In the Hueco Plateau area (pl. 13) moat ot the ground water is 

impotable, or at leaat interior. It 1s est~ted tbat only about 

2501 000 acre-teet ot potable ground water underlies the area. Only 

stock and 4aDeatic vella have been developecl iD tba t area, and the 

depth to water ia generally greater than 500 teet. 
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Other occurrences of potable ground water, small in volume but important 

because of their locations, are as follows. In the northern part of the 

J ornada del Muerto (pl. 2), the Fi te PW ''ell ( 6. 2. 4. ;oo), the Hardin Ranch 

well (12.2.27.211), and the Trail Canyon well (6.5.;6.;4;) produce small 

quantities of ~otable water. In the northern part of the Tularosa Basin 

(pl. ;), the Baca well (6.6.;4.200) and the Mockingbird Gap well (9.5.15.14;) 

produce small quanti ties of potable water. In the west-central part of the 

Tularosa Basin (pl. 17), the Lucero Ranch well (19.5.22.;4;) yields potable 

water, and the Bairds Ranch well (17.4.2;.4;;) yields near potable water. 

A very small amount of potable ground water can be developed in the Crow 

Flats-Dell City area (pl. 14) in alluvium along some of the canyons and 

arroyos, but most of the ground water in that area is impotable. Most of 

the ground water in the Three Rivers area (pl. 6) and the area southeast 

of Valmont (pl. 11) is of inferior quality, as defined above. However, much 

of the ground water in both areas is only slightly above potable limits of 

mineralization and can be utilized for public supply if yields of wells 

prove to be adequate. Also, both areas are close to sources of potable 

surface water. Indian Creek and Three Rivers had a total neasured yield 

of about 1,8oo acre-feet during the period October 1956 to September 1957. 

It has been estimated that the Upper Sacramento River (pl. 12) would yield 

about 500 ~~ or about Boo acre-feet per year, of potable water, if the 

water-collection system were more efficiently developed. 
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Inferior Water 

Ground water of inferior chemical quality, as defined i~ this report, 

occurs in most parts of this re ion except in the central parts of the basins, 

where all the grotmd water is impotable. In several areas water of inferior 

c.Lmical quality is utilized for domestic and public supply. 

'rhe largest supplies of inferior water in the region covered by this 

report are in the southern part of the Jornada del Muerto (pl. 18) 1 the Mesilla 

V lley of the Rio Grande in the vicinity of Las Cruces, New Mexico (pl. 18)1 

the Carrizozo area (pl. 4), the southern part of the Tularosa Basin and northern 

part of the Huecq Bolson (pl. 15) 1 the Hueco Plateau (pl. 13), the area south­

east of Valmont1 New Mexico (pl. 11) 1 and the Crow Flats-Dell City area (pl. 14). 

It is estimated that approximately 6 million acre-feet of inferior ground 

water tmderlies the southern part of the Jornada del Muerto and that tnol·e than 

2 million acre-feet of inferior ground water is stored in the alluvi u o; the 

Rio Grande Valley in the vicinity of Las Cruces. Much of this water is only 

slightly higher than the potable limits of mineralization as used in this report 

and presumably could be used for public supply. Probably so e of the ground 

w ter in the Bouque del Apache area of the Rio Grande Valley (pl. 2) is o 

inferi r chemical quality, although data on the quality of the water in that area 

revery limited. Properly constr1cted and develop~d wells in the alluvium o 

the Rio Grande Valley can be .xpeeted to produce at least 1,000 
single 

; sev~:;:ral wells.\ 

there ar reported to yield more than 2 1000 gpm. Wells in s e parts of the 
southern Jornada del Muerto should produce several hundred gallons per minute, 
although in much of th t area only small stock wells have bc~n develope • The 
lower shafts and tunnels of the Stevenson-Bennett mine (22.}.11.400) 1 south of 
Or an, contain water of inferior chemical quality, and it is reported that water 
was pumped from this mine at a rate of Boo gpm in a futile attempt to dewater 
the mine to ;penni t ining operations. Data are not t-1; available vi th 
which to substantiate this report. 
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Practically all ground water in the Carrizozo area (pl. 4) is of inferior 

and impotable chemical quality, although the water is used for public supply. 
It\ 

It is estimated that about 20,000 acre-feet of inferior water eettid be pumped 

ann lly in the Carrizozo area. 

In he southern part o the Tularosa Basin and northern part of he Hueco 

Bol n (pl. 15) it is estimated that at least 51 000 acre-feet of i ferior water 

e pumped annually from th bolson deposits. In that area the transition 

froz ground water of potable quality to ground water of impotable quality 

a:>purently is very abrupt, the water of inferior quality apparently occurring 

iu only a very limited zone • . 
In the Hueco Plateau area · (pl. 13) it is probable the nearly l million 

acre-fee of inferior ground water is st.ored, mainly in limestone. o ells 

in that ar a are known to have large yields but very few of the wells have 

be n tested for maximum yield. The depth to water is generally several hundred 

feet, and mo~t of the wells are equipped only with win ills. 

~le area southeast of Valrnont (pl. ll) has been suggested as a potential 

source of water for military ins allations and worthy of additional study. Most 

o the ground water in th t area apparently contains more than 250 p~~ o 

sul ·te and therefore falls in the range of inferior quality. HoYevcr1 much 

o he vmt r probably contains le s than 300 ppm of sulfate and ther~·"orc 

proo ~ly s ould be consider d useable for public supply. It is possible that 

the ar a could be developed to produce as much as 1,000 acre-feet o suclt ~ter 

annually, lthough additional ta are neede to predict accurately he tential 

capacity of wells in that area. 
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It is estimated that about 1,000 acre-teet ot interior water eoal4 be 

pumped annually 1D the Crov nata-Dell City area. However, most ot the water 

presently being pumped in that area is impotable, and it is likely that the 

quality of the water will deteriorate even more it heavy p-..ping is continued. 

One ac1dit1onal source of inferior water should be mentioned in this summary 

because ot the importance ot ita locati~./ 'l'hf:\ Murray well (8.5.32.431) at 
\f I '2.,. . 

the north end ot the San Andres MountainsAproduced, during a pumping test, 

100 gpm ot water containing about ,:>0 ppa sulfate and less than 700 ppu total 

solids. The Murray well is one ot the tev existing sources ot useable water 

in that area and presently supplies water tor Oscura Range Camp and Stallion 

Site Camp • 
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,Impotable 1.fater 

In this report water containin~ more than 500 ppm of either sulf te or 

c loride or more than 750 ppm of both chloride and sulfate is called impotable . 

Wat r i this range of chemical quality is extensively used for irrigation and 

vaterin- stock and even for drinking in a few areas where water of better chem-

ical quality is not available. Extensive supplies of impotable ground water 

und rlie a ost all parts of the region covered by this report . It is e~timated 

that at least 150 million acre-feet of impotab1e water is stored in the region 

c vered by plate 1 . In the· southern part of the Tularosa Basin and th northern 

p rt of tle aueco Bolson, shown on plate 15, it is estimated that at 1 ant 65 

illion acre-feet of impotab1e ground water is stored. In the west-central part 

of the Tularova Basin (pl . 17) t least an additional 40 million acre-feet of 

i potable ground water is stored. In bot.1 these areas the principal aquifer is 

the inly WlConsolidated bolson fill. Some of the ground water Wld rly'ng the 

centr 1 rt of the Tularosa Basin is very highly mineralized, ~ven exce ding 

sea wat r in this respect . In the northern port of the Tularosa Ba~in (~1 . 3) 

it i estimated that at least 6 million acre-feet of impotable water is tored . 

In the northern part of the Jornada del Muerto (pl. 2) it is estimated ti.mt at 

least ll million acre-feet of impotable water is stored in the bolson deposits 

alone. It is not possible with vailable data to estimate the amount of impotable 

uater that y be stored in the consolidated rock~ underlying the bolson deposits . 
In the Hueco Plateau and the Crow Flats-Dell City area an additional estimated 
11 million acre -feet of impotable w ter is stored, mainly in limestone , although 
the unconsoli ted v 11 y fill 11 the Crow Flats-Dell City area probably con­
tains at l.ast 2 million acre- feet of impotable water . The Tularosa-Alamogordo 
area (pl. q) is estinated to con in t least 8 million acre-feet and the Car­
rizozo ar~a (pl . 4) at least 1 . 5 million acre-feet of impotable water . In 
both ar.as impotubl water is us._d for watering stock and for irri__,ation, and 
even for drinking in a few places where water or better chemical quality is not 
vailable. 
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(fQ. 
In the north-central part o the Tularosa Basi~, ais Spring (12 .7.8. 244) 

yield an estimated 1 , 500 t of water containing about 1 1 900 ppm sulfate and 

1 1 200 pp c 1 ride . lt Creek in Tps . 12 nd 13 s., R. 6 • flovs an estimated 

5vJ of water containing more than 4,ooo ppm sulfate and about B,ooo ppm 

c~t ori • Bot "'ources pp rently ar ... depc:ndable , alt ough their yields 

f ctua 

of t r o various qualities in t e Tularo Besin and ad oining areas shown 

on pla e 1. The table is not complete in that so e surface-water ource· 

~ n t di u"'oed in this report, such s io Tularosa , Alamo Springs, nd others , 

are no Ll•luded here . Also, the quantities as given repre ent tot 1 quantities , 

not quant · ies t t are presently unused. There has b en z,.o attempt in the tabl e 

to tak in o consid~r tion t e pr sent uses of ter. 
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Area 

-ort e Jorootla del 
~uerto 

Rio Gra V lley a 
os ue del che 

C· rrizczo r 

r ree r..:a 

rea outhcact or 
Va. ont 

hu co Plate u 

Crow .Fl~ts-Dell City 
r a 

out ern ~ulaross 
in-Hueco Bel or. 

w •• P • .~ . Hendq rt r .. 
r r ... a. 

c t-ccntrol Tu rcu· 
a in 

~outhern Jo da d l 
erto 

.9silla lley t 
LnsCruco 

j 

Potabl t r 
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in e.c ... "' -ft . per 
y r exc t ere 
• oted otherviae . 

:;o,ooo 

1,000 

1,000 

100 

8oo 

!I ;oo,ooo 

6o,ooo 

2,000 

!I 
600,000 

!/ Acr -fe . t in tor. S""• l - 57 

200 

200 

20,000 

1,000 

5 

1,000 

!I 
700,000 

1,000 

4.,000 

60 

y 
6,000,000 

!I 
2,000,000 

rosa 'Basin and 

o ble a't.er 
(acre-ft . in 

atorag ) 

10,000,000 

6,ooo,ooo 

2,000, 

,000 

a,oo ,oo 

1,000,000 

7,000,000 

4,ooo,ooo 

70,000,0 

;,ooo, 

,,000,000 



SummarY of Su gestcd Additional Study 

Available data on the ground-water resources of the Rio Grande ~alley -
in the vicinity of Bosque del Apache are v ... r-J lim:!.ted, as indicated previously • 

• 
I...' t1 area were to be considered for large"scale development of ground vlater, 

it would b~ advisable to co duct fairly detailed study of the area. This 

stu~ should includ_ reconnaissance mapping of the geology of the area, chemical 

analyses of water samples from all existing sources of water, and a test-drilling 

proDram, consistin of drilling 6 to 10 test holes, obtaining accurate logs of 

t e holes, chemical analyses of the water encountered, and adequate pumping 

tests of several of the test holes. 

A pu~lished re ort of ground-water conditions in the Mesilla Valley of 

the Rio Grande (Conover, 1954), contains a considerable amount of basic data 

and provides a valuable background for a consideration of the addition 1 devel-

op ent of round water in that area. However, some additional study ~ould be 

desirable if any extensive development were to be undertaken. Additional study 

s ould b_ made of the probable effect upon the river and drain disc arge of 
Ttte' 

url41' 1umtl. heavy pumping from wells. This study should includeJ\.analysis of 

r cords of both river and drain discharge, and fluctuations of water levels in 

well • As much of the ground water is of inferior chemical quality, water 

samples from a lar e number of '\-Tells should be chemically analyzed, and test 

holes s.ould b drilled to determine where wells yielding ad_quate qua titics 

of cne ically suitable water can be developed. 
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In the southern ~t of the Jornada. del Muerto1 seismic or electrical 

resistivity surveys should provide much information regarding the subsurface 

strata, and ahould indicate whether a test-drilling program would be worthwhile 

in that area. Several test holes would be necessary to determine how much 

water of useable quality can be developed. More data are needed to evaluate 

the occurrence ot water in the belt of fractured limestone along the west 

slope of the Organ Mountains. Apparently 1 these rocks yield large quanti ties 

of near-potable water at the Stevenson-Bennett mine, but no caretully con-

trolled pumping tests bave been conducted. Additional geologic study ot 

the west front of the Organ and san Augustin Mountains might reveal additional 

similar areas that would be worthy of test drilling. 

The report by JCnowles and Kennedy (August 1956) states (p. 43) that 

the Bueco Bolson in New Mexico contains about 6.2 million acre-feet of 

theoretically recoverable potable water. The report conc.ludes that by 

proper well-field planning at least 50 percent of that v.ater probably can 

be recovered before it becomes so contaminated as to be unusable tor public 

supply. However 1 the report adds tbat the canputations tor the amount of 

potable -water in storage are oore accurate for the Texas than the New Mexico 

part of the bolson1 where only a small number ot Widely spaced test holes 

were drilled. '!'he report turther states that "additional. test drilling, 

especially near the Organ Mountains where the fresh-water-bearing materials 

appear to be thickest, will be necessary to determine accurately the volume 

or fresh water in storage in the Hue co balson. in lew Mexico." It large-scale 
development of ground water in tbat area is considered, not only should 
adtlj. tional test boles be drilled, but extenai ve pumping teats of several 
holes in the area should be conducted to determine more accurately the 
cbs.ral"teristics ot the aquifer and to eatimate its capacity. A poorly 
planned wll field, developed without adequate knowledge ot the area, probably 
would deplete or contam1 nate potable water supplies much sooner tban if 
the clevelopuent vere baaed on a firm knowledge ot ground-water conditions in 
the area. Such information is not yet available. 
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Pumpage ill the White Sands Proving Ground headquarter• area is 

approximately 11000 acre-teet annually. Water levels are continuing 

to decline but not at a serious rate. ~e present prop-am ot measuring 

water levels in observation wells in that area at regular intervals 

llnder the Corps ot Engineers Continuing Program should be maintained. 

The water-level recording gages installed on two production wells are 

presently inoperative. These should be placed back in operation to 

provide records of water-level declines in those wells. A short 

~ report of the possibilities of impounding flood flows tor artificial 

recharge or underground storage is presently being prepared by the u. s. 

~ 

Geological Survey. It it ia likely that water consumption at the 

Proving Ground will increase appreciably in the near future, considers• 

tion should be given to additional investigations of the feasibility or 
artificial recharge by obtaining more complete tlood•tlow records and 

drilling a few shallow teat holes 1n the vicinity ot the proposed dam 

and reservoir. Any additional production wells in the area should be 

drilled initially as test•pilot holes to obtain as much information as 
possible on ground-water conditions at the sites. B.Y use of such data, 
more efficient development or wells can be accompliShed. 

Under the Corps ot Engineers Continuing Program, water levels in 
several wells in tbe Boles well field are measured at regular intervals. 
This program should be continued, and provision should be made tor 
inspection ot cuttings tram any additional vella or teat holes that may 
be drilled in the area. As it appears probable that saline vater 
eventually will encroach in the area, water samples traa selected wells 
in and ~ediately west of the well field should be ~nalyzed chemically 
at least once a year. 
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It ia estimated that approximately 1,000 acre-teet per year ot 

potable water ean be developed in the three Rivera area it both surface• 

~eter and ground-water sources are utilized. Most ot the ground water 

in that area ia or interior chemical quality, but the aurtace waters ot 

both Three Rivera Canyon and Indian Creek are potable. The aurtace 

-wu ter can be mixed with interior ground vater to produce a potable 

watf!!r. The nrea is about 15 miles east ot u. S. Highway 54 and tb.e 

.donito pipeline. Additional recorda ot tlows in Three Rivers Canyon 

and Indian Creek should be obtained to provide a longer record. More 

slope-area measurements should be made and analyzed to determine the 

extent ot tlood flows in the area and the teaaibility ot storing and 

utilizing tlood-tlow water. Extensive pumping teats should be made in 

any proposed well•tield areas, so that the capacity ot tbe aquifers 

and the ettect ot long•term pumping on water lavele and chemical quality 

of the water can be estimated. 

The area southeast ot Valmont (pl. 11) baa been suggested as a 
possible source ot potable ground water, on the basis of only a small 
amount of data. Probably much of the ground water in that area is 
interior, by the standard uaed in this report. However, the available 
chemical analyses indicate that much ot the ground water is in the 
lowest part of the interior range 1 containing leas tban 300 PPB aultate 1 
und is of better ch•ical quality than much ot the water ueed in the 
Tularoaa Basin. !he area is convenient to the Sacramento River.orogrande 
pipeline and U. S. Highway 54 and is ouly a'bout l2 miles south ot the 
Boles well tield. It ground-water conditione there are silllilar to those 
at Boles well tield1 it is possible that the area southeast ot Valmont 
might be developed to produce •• much aa 1,000 acre-teet ot vster 
annually containing leas than 300 ppm aultate. Saae reconnaissance 
geologie -.pp1ng and about 10 test holea are needed to evaluate the area 
accurately. The test hole a should be so designed and located that the 
extent ot the occurrence of usable ground water and the nature or the 
bolaon till can be determined. Provision ahoul4 be macle tor adequate 
pumping teats ot the moat promising boles to permit an estimate or the 
potential yields or wells 1n the area. 
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·~rings in the upper part of the Sacramento Riv _r Canyon repL·esent an 

apparently dependable sourc~ o w ter of very good ch..!•:lical quality. In 

December 1956 (Mourant 1 -M&Peh 1957) 1 it was estimat"!d that about 250 gp•1 of 

water was bcino diverted to the Sacram nto River-Orogrande pipeline . ~ourant 

concluded that, by improving the water-collection system, the quantity of water 

delivered to the pipeline could b incr ased to about 500 m, or about 800 

ecr,-feet per year. The couthern Pacific Railroad reportedly plans to sell 

this water system, but probably it would be necessary to repl ace most or all 

·· th pipeline, particularly if the system is improved to divert a larg- r 

quantity of water . The principal spr~ngs should be tightly boxed in at their 

discharge points, a~d the water should be diverted to the pipeline at those 

poin· s . In order to determine how much water fiijetlitllly] is available in t e 

canyon, it is suggested t1at several test holes be drilled to determine 

ho muc 1 water is moving do-wn the canyon in the canyon fi l l and, if possible 1 

to what extent water moves into permeable bedrock underneath the cienaga (marsh) 

deposits. It may be feasible to build galleries in the main parts of t .. e 

Uienagas in addition to catchments at principal spring areas . Several condition'"' 

are possi le , and only a more detailed study will reveal how much additional 

water can e diverted to the pipeline . 

Several additional small but important occurrenc s of pot ble water are 

deucribed in this report . Suggestions for additional investigation of theoe 

occurrences , if warranted, have been included in the f ollowing descriptions of 

ea n area. 
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In view of the limited supplies of potable water in the Tularosa 

Basin, it appears that an extensive investigation of the possibilities 

of using inferior and impotable water should be made . Much inferior 

vat r apparen ly can be used even for drinking vithout serious physio­

logical eff cts. The possibilities of mixing waters of v rious qualities 

to obtain adequate auantities of water of useable chemical quality should 

be c refully consider d, particularly in isolated areas where potable 

water is very limited. The feasibility of demineralizing highly 

mineralized water should be investigated . T11e use of impotable water 

for irrigation, sanitary purposes, and some industrial uses should be 

very carefully considered . Large quantities of potable water presently 

are used in the area for irrigation, rticularly of lawn areas at the 

larger military installations. Such use of the limited supplies of 

po ble water should be kept to a minimum, and more highly mineralized 

vater should be used for such purposes vherever possible. Consideration 

should be given to the use of plants and grasses that requir relatively 

small quantities of water , when an area is being landscaped. Native 

plants c~~ be used far more extensively than has been done; most of 

these native plants require only small quantities of wate • Careful, 

conservative use of water for such purposes as irrigation of lawns should 

b~ strictly nforced. The importance of k~eping such '~ter uses to a 

n1inirr1um can be realized when it is considered that well ove~ 50 percent 

of the water consumed at the larger .ilitary installations during the 

s er months is used for '~tering lawns and shrubs. 
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GROUND- .lATER CO. DITIONS BY AREAS 

Most of the areas discussed in this report offer some possibilities f or 

the development of ground water . However , in some areas the depth to water 

is too great for the development of the resources to be feasible . I n other s , 

the yield of wells is so small tbat development is not feasible . In still 

other areas much of the ground water is impotable and cannot be economically 

utilized at the present time . For these reasons and because each of the 

various areas contains some features not common to the others , this report 

treats each of the s veral areas individually . 

The ground-water resources of some areas , where previous studies have 

been mnde, can be discussed in some detail; whereas, the ground-v:ater condi ­

tions in many large areas are only partly known , and only generalized con­

clusions can be drawn . As much as possibl~ of the availabl e ground-water 

data in this report appears on the detailed maps of each area . The areas 

covered by detailed maps and the titles of the maps which correspond t o the 

related subheadings in this section of the text are shown on plate l. General 

quality-of-water maps of Doga Ana, Lincoln, Otero, Sierra , and Socorro Counties , 

New Mexico are contained as an appendix in a pocket at the end of the report . 
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NOBTHERN JORNAm DEL MUERTO A. D ADJACENT AREAS, 
SOCORRO AND SIERRA COUN'I'IES, NEW MEXICO 

By 

J. E. Weir, Jr. 

The area discussed in this section of the report is bounded 

approximately on the north by U. s. Highway }80, on the east by the 

Sierra Oscura and San Andres Mountains, on the south by State Highway 

52, and on the west by the range line between Ranges 1 and 2 west. The 

general location of the area is shown on plate 1 and details of the 

area are shown on plata 2. 

The desert basin between Chupadera Mesa, Sierra Oscura, San Andres 

Mountains, and Organ Mountains on the east, and Mesa Redonda, Joyita 

Hills, Fra Cristobal Range, Caballo Mountains, and Rio Grande on the 

west is called the Jon1ada del Muerto. These physiographic features 

essentially close the basin at its northern and southern extremities. 

Almost all the Jornada del Muerto from U. S. Highway }SO to the south 

line of T. 12 s., is treated in this section of the report and is 

shown on plate 2. 

Approximately 400 square miles of the White Sands Integrated Range 

lies in the north-central part of the Jornada del Muerto. Stallion 

Site Camp, in the NWk sec. 5, T. 6 S., R 3 E., is the only permanent 

troop installation in the Jornada del Muerto. 
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Stallion Site Camp-cerro Colorado Area 

In moat of the area around Stallion Site Camp and Cerro Colorado only 

highly mineralized, impotable Ground water is available. The impotable 

water occurs in Tertiary and Quaternary strata ranging in thickness from 

approximately 200 feet in the areas a few miles east and south of Stallion 

Site Camp, to perl~ps as much as 1 1 000 feet in localities north and west of 

Stallion Site Camp. Water levels in wells in the Stallion Site locality 

range from 150 to 450 feet below land surface, from east to west respectively. 

The depth to water at the Stallion Site troop shelter is estimated to be 

approximately 225 feet below land surface. 

~~e chemical constituents that are responsible for the impotability 

of ground water in this area are the sulfates, mainly calcium sulfate 

dissolved from the gypaiferous deposits of tht Tertiary-Quaternary basin 

fill. Therefore, the concentration of sulfate in the water is used as the 

principal measure of potability in this area. Ground water in the immediate 

vicinity of Stallion Site Camp probably contains about 2,000 ppm sulfate. 

Chemical analyses of water from existing wells and three test holes 

drilled in 1956 indicate that the western and northern flanks of the Cerro 

Colorado volcanic mass are underlain by water of potable and near potable 

quality. The concentration of sulfate in the ground waters underlying this 

area ranges t'ran 218 to about 900 ppm. Approximately one-fourth to one-

third of the area underlain by water of good to fair quality is within the 
boundary of the Integrated Range; however, water underlying only a small 
part or this area within the Integrated Range contains 250 ppm sulfate or 
less. The sulfate concentrations of well waters in the area are shown on 
plate 2. Yielda from the three test holes drilled near Stallion Bite range 
from 2 to 40 gpm, the larger yield being from the holes nearest the camp 
that yields the water poorest in chemical quality of the three. 
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Two test hole approximately 6oo to 700 feet deep along the north and 

west boundaries of the Integrated Range would furth r delineate the limite 

of potabl and rel tively better water and, of course, would provide 

additional data on the general availability of ground water in that area . 

A test hole at Stallion Sit~ Camp would furnish information regarding the 

availability and chemical quality of ground water there, in the event that 

a de-mineralization unit were considered feasible for this i stallation . 

It is not possible to pr diet ccurately the capacity or dependability of 

wells t Stallion Site, but a test hole drilled 2 miles west of Stallion 

Site Camp apparentlyvill yield 40 gpm with 4o to 50 feet of drawdown . 

This estimate is computed from a specific capacity of one gallon per minute 

per foot of drawdown, the rformanc of the test hole during a six-hour 

pumping test conducted in y 1956. The static water level in this test 

hole is 318 feet below land surface , It is possible that a well about 500 

feet deep at Stallion Site Camp would yield more than 20 gpm of water 

containing approximately 2,000 pp sulfate . o definitely reliable data 

are available as to the cost of operation and efficiency o a de-mineraliza­

tion unit in this area . 
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Assuming 10 gallons a day per troop to be an approximate water 

requirement for drinking and cooking, it appears likely that an adequate 

supply of potable water for about 600 men can be developed near the 

north est corner of the Integrated Range about 6 miles from Stallion Site 

Camp . Such a development would probably require two wells . An existing 

stock well in the SWt sec . 4, T. 6 s. , R. 2 E. , might furnish half this 

supply, although this well i1as not been tested for maximum dependable yield. 

It is further assumed that an additional 40 gallons a day per troop 

will be required for purposes other than drinking . 'This additional water, 

which constitutes the bulk of the total supply, could be impotable . Water 

from wells which could be drilled at Stallion Site Camp would furnish water 

of sufficiently good quality for most uses other t an drinking and cooking. 

Central and Western Basin Area 

The central part o the Jornada del Muerto is along the axis of a 

broad syncline or bedrock trough filled with an unknown thickness of 

unconsolidated sediments and impure evaporites which have been derived 

from the bedrock highs surrounding the basin . Most of the clastic deposits 

in the central basin are fine grained and contain varying amounts of gypsum 

and carbonates precipitated from flood waters that have flowed through and 

collected in the area following infrequent rains . 

Extrapolation from bedrock outcrops around the margin of the Jornada 

del .uerto indicates that strata of Permian age underlie the Tertiary­

Quaternary fill throughout moat of the central part of the basin . Few 

reliable subsurface data are available for most of this area, and test 

holes might reveal strata of Cretaceous age underlying the fill in a large 

part ot the basin . 
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The Dakota sandstone of Cretaceous age reportedly yields about 100 

gpm to the Sun Oil teat hole in sec. 25 T. 10 s. R. 1 w., about 20 miles 

north of Engel, lev Nexico. However, the main source of the arteeian water 

is the San Andree formation of Permian age. This test hole bas been 

completed as a tlowing water well and yields an estimated Boo to 1,000 gpm 

of highly mineralized water (1.66o ppm sulfate). 

It is probable that the San Andrea tormation and perhaps the Dakota 

eandatone may be capable of yielding large quantities of mineralized water 

to wells in the north-central as well ae the west-central part ot the 

basin. Also, the Yeao foration ot Permian age, which underlies the San 

Andrea formation, may possible yield as much as 100 gpm to properly 

constructed wells in the central parts of the basin. 

The Dakota, San Andres, and Yeso formations, fran youngest to oldest 

respectively. constitute a potentially water-yielding interval, 1,300 to 

1,500 feet thick, underlying the fill in much of the central basin. Most 

of the water contained in these rocks probably ia highly mineralized and 

thus impotable • 

The shallower water of the central part of the basin occurs in the 

till and, like the deeper waters of the bedrock formations, generally is 

highly mineralized. The maximum yield of wells canpleted in the basin fill 

is about 50 gpn of water containing fran about 1,500 to about 3,500 ppn 

sulfate. 

There is little possibility that potable ground water exists in the 

central Jorne.da del Muerto; hmtever, great quantitiea of moderately to 

highly mineralized waters are available, and sane of these waters might 

feasibly be de-mineralized. Almost all the ground water in the area could 

be used tor construction purpoaea as well as for many military purposes. 
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At leut one ten hale in the central llaain is neel!e4 to Mat the 

Pem1an strata tbrou&b the Yeso formation. Bleb a teat bole mi&bt be u 

much as l 1 500 twet ..f~, cle];eJ'Jdin& 011 Wich fOrmation 110&-Uea tot. 

till at the locatioa cbOMn for the ten. Dl1e c1Mp tut hole an4 pertapa 
(Y.',. -··· f'' tOJX or t1 ve teat hal.u ;,oo to 500 ten itl. Ia~ .,_114 ~~ -.apt. 

and test the •ter-bearins rock& ot the Intesr&ted Jtanae part ot the 08Dtnl 

Jorna.da del )barto. ThMe holea &lao aboul4 reveal m.uch polosle data tat 

v1ll aid in naluatJ.na the water resauraes of ~ repon. 
d:,,~ 

In cboos1na l.ooatians tor teat boles w1 o1a are lillaly to teat on]J 

those aq.uUera that y1el4 impotalale .tar, avenJ. oonalclelationa tllat are 

not neceeaartly poloc' c or ~OS1c 1n 100pe are illpQrtet. ea. ot 

the• cona1derat1ona are: l) localitiea ot tu1iul'e D88l1a tor c~cm 

water, 2) areas ot tuture exp&ne!on and dewlopnent, and ') ~ ~ 

Jliner&lised. waters misht teui~ be treatecl to Nd.uee tbe e,_toa.l. ccm• 

centrat1ons to levels ot potabUity. 1'be• eona14erat1ons may also aw11 

to exploration 4r1111na in the Tularou. Butn • 

Wutern §!.OR! ot 8lm ADdrea Mountain• 

Moat ot tbe •i.att·a vella &Dd sprtnaa on the watern, back alope ot 

~ San ADdna Mountaina deriw water trca the Ma4era, Yeao, or San ADdna 

formation, or trca Quatera&z7 al.l.uv1ta. Water trcJil the Madera f'ormattcm. 

~ 1a hard ( aarbcmate bard.Deaa) but potable and u~ appear• in 
located 

apriDp &D4 callectiaa. ..,U.riea at wry lov Jield.A b1Ch on ~ back alo.pe. 
~ a tev or these apri.Dp are perezmial, u4 maJV are nov 417 u • re­
ault ot prolnoaacl 4roulbt. Stock Wlla cc:apl.ete4 1n the Yeao aa4 San Aalrea 
tormat1ona 1iel.4 up t.o lO SID ot .t;er hlp 1a ~- eontent aD4 ~ 
illpotabl.e. 'lhe a.Uuvt•, l.1ke tbe till ot tha JOZ'D&&a del -.rto, 11 gpa1-
tera.te aDd 1iel4a ..:U ...,.UU.a ot impotU\e -.ter to ab&Jlov wlla vbeN 
the &1l.uvium 1a liON tlan about 20 t•t th1ck. 
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The area contains one known, apparently reliable source of potable 

water, the Hardin Ranch well in the NEt sec. 271 T. 12 s., R. 2 E., about 

one mile north of New Mexico Highway 52 at the crest of Rhodes Pass, within 

the boundaries of the Integrated Range. This well derives water fran the 

Abo formation of Permian age and is probably completed in a fracture zone. 

\Vater fro;... the Hardin Ran\!h well is 1:1oderately hard (carbonate hardness) 

but contains only about 200 ppm sulfate. The static >Jater level in the 

vrell is 204 feet belm-r land surface, and the well yields at least 5 elfa-1ens 

inute-. 

~~ Skillet ~1ob installation is about 9 road miles up the back slope 

eastward from Hardin Ranch. Small quantities of water could feasibly be 

hauled from the Rardin Ranch well to supply the Skillet Knob station. 

Water might also economically be hauled or piped from the >Tell to the in-

stallations near the northliTest flank of the San Andres Mountains, 12 to 20 

road miles north of Hardin Ranch. 

The area around the northwest flank of the San Andres Mountains has 

no kno~~ source of potable ground water and apparently only meager quanti-

ties of highly mineralized water. There is, how·ever, one locality near 
I 

the north end of the San Andres Mountains wf:freh is worthy of one explora-

be a rather extensive alluvial-fan deposit in the central southeast part 
1\ 

ofT. 9 s., R. 4 E., that may contain potable vJa.ter. 
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Possibilities are few for the development of large water supplies, 

potable or impotable, in that part of the back-slope area of the San 

Andres Mountains which is within the northern part of the White Sands 

Integrated Range. The single known source of potable water, the Hardin 

Ranch well, should be tested to determine its capacity, and an exploratory 

hole near the north end of the mountains might yield a small amount of 

potable water. 

Present military installations in this area currently use only small 

quantities of water. Skillet Knob personnel, who stay at the station 

only on days when missiles are b ing tested, are supplied with drinking 

water hauled from Tularosa. 

Mockingbird Gap Hills - Oscura Gap Area 

In the area around Mockingbird Gap Hill and Oscura Gap, usable 

ground water bas been obtained with difficulty. Several holes have been 

drilled between Mockingbird Gap Hills and the northern end of the San 

Andres Mountains, including one dry 400-foot test hole drilled for the 

Corps of Engineere 0.5 mile south of George MacDonald's Murray well. The 

Murray well (8.5.32.431), the only existing source of ground water in this 

area, is completed in a fault zone in the upper part of the Yeso formation 

or the lower part of the San Andres formation. Pumping tests of the 

Murray well indicate a specific capacity of about 5 gpm per foot of drawdown 

at a pumping rate of 100 gpm. Static water level in the Murray well is 

192 feet below land surface. Water from the well contains 298 ppm sulfate 

and 684 ppm total dissolved solids. 
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Since the time the Corps of En ineers test hole was drilled near 

the ~furray well, geologic mapping in the area has indicated that the 

Yater-bea!'in fault zone trends southwest-northeas·t; through the well 

location, thus crossing the structural graben in the area. This fault 

zone may yield water elsewhere in the graben valley between Mockingbird 

Gap Hills and the San Andres Mountains, but probably the most favorable 

site for another well here would be approximately 0.25 to 0.75 mile 

northeast of the durray well. Such an additional well approxirnately 

300 to 400 £eet dee~finished in the same fault zone as the Murray 

well, probably would be the opti!llum development for this aquifer. 

If further development of water supplies in this area is deemed 

desirable, test holes approximately 500 feet deep might be drilled into 

the rr.arginal fault zones of the graben. The follo'tving locations are 

pro osed for exploration in the r~rginal faults and possible subsequent 

development: 8.5.33.143 and 9.5.5.313. These locations are subject to 

confirmation after field reconnaissance of the exact sites. 

Oscura Gap, between Mackin bird Gap Hills and the southern end of 

the Sierra Oscura, is a fault strike valley covered with a relatively 
thin deposit of alluvium. Rocks of the Yeso and Abo formations underlie 
most of the alluvium of this srii8.ll valley. Scattered small outcrops 
suggest that granite and Pennsylvanian(?) limestone rray underlie a 
narrow strip of alluvium alono the east side of O"'cura Gap, thus also 
suggesting the existence of two parallel faults in this area; one along 
the base of the \rest escarpment of Sierra Oscura and another, alluvium 
covered, in the bedrock underlying the Ga.p . The approxir,.ate trace of 
the covered fault can be extrapolated fairly accurately from the area 
north of the gap. The possibility of developing a ground-•ater supply 
in the alluvium-covered fault zone could be verified by a test hole 
approximately 500 feet deep in the NW~km~t sec . 14, T. 8 s. , R. 5 E. 

2 - 9 



The Murray well will supply 1001 000 gallons per day ot water of 

fairly good qual! ty. An a.ddi tional well finished in the Murray well 

fault zone, approximately 0.5 mUe east-northeast from the existing 

well, might furnish an additional 1001 000 gallons a day. Thus, the 

Murray well area probably bas a dependable, potential water supply tor 

21 000 to 4,000 troops. Two to four test holes ranging in depth from 

300 to 500 feet should be adequate to explore the Murray well area 

for -water of usable chemical qual! ty. This area and the area. to the 

~ south of Mockingbird Gap are the most promising for development of 

water supplies of any locality in the northern part of the Integrated 

Range. Also, this locality is about equi-distant from Stallion Site 

• 

Camp and Oscura Range Camp and more or leas in the geographic center ot 

the northern part of the Integrated Range. 

Eastern Marginal Area 

The area. along the east side of the Jorna.da del Muerto 1 adjacent 

to the western escarpment of the Sierra Oscura is primarily a pediment 

surface sloping westward toward the center of the basin. An exception 

is the strip between Hansonburg Hills and Sierra Oscura, which is a 

fault valley muah like Oscura Gap. 

Very 11 ttle ground water is known to occur in this area and the 

water fran most of the known sources is highly mineralized, vi th one 

exception, Trail Canyon well (6.5.;6.}43). 
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'..te, fr .... 

dep_si ted. in a front--scarp canyon at the base of' Sierra Osc:urc::. . Little 

is kno-..m of t,1e quantity of the ,,ater wailn.ble here, but the c. en.i~al 

quality is verJ good (400 ppn total Dolidn and 1•.:;9 pp.u :mlfate) . 

About five to .,even teBt holes a .. :e needed along t~e zastern side 

of the Jornacla del 1-~uerto to thorouchly ex.lore til ~rea for potable 

ground i-rate .. ~. uOt;;t of these ~.o:!.e.., would exfJlore fault zo~es in he rea 

and might be e.s much as 700 feet T.1e ren.r.inder of t. e exploratory 

drilling in "Ghis area -v1ould Lwestigate alluvi-- de.~..;os.:.ts ani other :::; _allow 

source.:> . 
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Summary 

Potable water is available f'rom wells in three areas of lim! ted 

extent in the northern Jornada del Muerto. These areas are: west and 

southwest from Cerro Colorado; Hardin Ranch {12.2.27.211); and Trail 

Canyon ( 6. 5 . 36. 34 3) • 

In the area southwest of Cerro Colorado, stock well called '~ite 

PW'" (6.2.4.333) is to be tested by pumping to determine its maximun1 

dependable yield. A test hole drilled 0.7 mile northwest of this well 

yields only 2 gpm of potable water. It is estimated that the Fi te PW 

well may yield 10 gpm, and an additional well nearby should yield as 

much or more-. Such a development vould supply drinking water for about 

1 1 000 to 21 000 troops at Stallion Site Camp 6 miles east. 

The Hardin Ranch well also will yield about 10 gpm; thus, a total 

supply for 150 troops is available here from a pumping installation 

operated about 12 hours daily. This is computed on the basis of an 

average use of 50 gallons per day per troop. Da. ta for the Hardin Banch 

area are insufficient to determine whether further development of water 

is feasible in this area. 

The Trail Canyon vell reportedly yields 3 gpn1. A properly con­

structed, 12-inch diameter well in this vicinity might yield 25 6pm. 

Lack of reliable data tor this area precludes estimates of dependable 

yields of present and future wells, but it is doubtful that wells here 

could supply more than about 70 troops.· 
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The Murray veil ( 8. 5. 32.4 31) on the north side of Mockingbird Gap 

yields 100 gpn at near potable water 1 some ot which is being hauled to 

supply Oscura Range Camp, 19 road miles east. Estimates indicate that 

with one additional similar well in this area., 21 000 to ,,000 troops 

could be supplied with water of relatively good quality. However, ex­

haustive pumping tests should be conducted in conjunction with any future 

development here in order to determine conclusively the dependability of 

the water supply • 

Most of the wells in the central part of the northern Jornada del 

Muerto a.re 6 inches in diameter and were drilled to supply small quanti ties 

of water for livestock. All knovn water from these wells is highly miner­

alized and thus impotable. Tva large-diameter, relatively deeper vella 

completed in the area yield 500 gpm or more and indicate a vast quantity 

of impotable water available from bedrock formations underlying the uncon­

solidated basin-till materials. Moreover, from data obtained in test 

drilling near Stallion Site Camp and other reasonably reliable reported 

data, moderate quantities of impota.ble water may be available tram wells 

:500 to 500 feet deep in many parts of the Jornada del Muerto. In these 

vella the Tertiary-Quaternary fill ap!~ently contains the principal, it 

not the only 1 water-bearing beds. These data dictate a conclusion that 

at least 50 gpm of impotable water ul8.Y be available from properly con­

structed wells which could be drilled in almost any part of the northern 

J ornada del Muerto. Explore. tory drilling should reveal a considerable 

number of acceptable camp sites where impotable ground water is available, 

some of which might be feasibly treated to reduce the concentration ot 

dissolved minerals to within the limits recommended for drinking water. 
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IOR'rHERI '.rULA1Il8A BASD ARD ADJACIJIT ARIAS, BOOORRO, LDICOUt, SIIMA, AI'» 
0'1'&Kl COUITDS 1 DW MlllOO 

J. 1. Weir, Jr. 

Moat ot that part of the Tularoaa Basin trom its northern extremity 

near Tecolote Rill to the south line of T. 12 8. is diacuaaed in this 

section ot the report. This area, shown on plate '' includea such 

intra-basinal features aa The Malpais, Phillipa Billa, Bull Gap Ridge, 

Transmalpaia Rilla, and the intervening basin tlata. Also, parte ot 

marginal phyaiographic features auch aa Chupedera Mesa, Sierra Oacura, and 

Mockingbird Gap are discussed. 

Approxt.ately 750 .quare miles ot the area covered in thia section ia 

within the boundaries: ot the Integrated Range. .About tvo-thirde ot the 

area lies within the phyaiographic l1aita ot the northern Tularosa Jaain. 

Mockingbird Gap Area 

The area iaediately aouth ot Mockinbird Gap is underlaiD mainly by 

rocks ot Permian age with only a amall area adJacent to Mockingbird Qe.p 

underlain directly by rocks of Pennsylvanian age. Pennsylvanian strata are 

represented by the upper part or the Madera formation composed mostly ot 

arkosic lilleetone. Permian strata are represented by the Buraum, Abo 1 and 

Yeao tormationa. The Buraum formation coneiata ot alternating layers of 

l~atone with purpl1Sb-red aandatone, conglomerate, siltstone, and shale, 

and is the transition &one tram marine PennaylYanian rocks to basal 
Permian continental clepoai ta. The Abo formation consists of red sandstone 
and ail tatone, un6arlying the Yeao formation vt:Uch is caapoaed or 
alternating layers ot gr,ay lt.eatone, gypsum, pink Shale, and siltstone. 
The strata in theM formations, except tor tracturea, are virttally 
impervious to the mov•ent ot water. A fracture zone in Burata rocka at 
the apex of an anticlinal told near Mockingbird Qap is the moat dependable 
aource ot water in thia locality. 
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The Mockingoird Gap well (9.5.15.143) 1 which derives potable water 

containing less than 100 ppm sulfate tram the fracture zone in the Bursum 

formation aentioned above, yields approximately ~ gpm with a short-te~ 

drawdovn o:t' 5 to 9 teet. Ho,Jever1 residual lowering of the water level 

progresaea with continued pumping during periods or no rainfall, and the 

pumping water level reaches the pump intake, about 135 feet below land 

surface, when approximately 2 to 3 million gallons, depending on the amount 
nonpumping 

or rainfall, has been withdrawn :t'rom the well. The/water level in the 

Mockingbird Qap well has been as high as 25 teet below land aurtace 

following hee-yy rains in the area and, reportedly, this well bas f'lowed 

occasionally during the past 30 years. When the water level is 25 teet or 

less below land surface, there is apparently at leaat 3 million gallons 

(9 acre-teet) of' water in storage above the level or the pump setting 

(135 teet). 

Mockingbird Gap well reaponds vi thin a few days to recharge fran 

rainfall that ia of sufficient quantity to cause flov in the arroyo near 

the well. Recharge to the fracture-zone aquifer occurs in the immediate 

vicinity of the well, probably upstream less than 100 ye.rds. J'rom 

comparison o:t' periodic water-level measurements with observations or 

Mr. Alexander, vho lives at Mockingbird Gap well, it ia apparent that 

the longer periods of storm flow in the arroyo cause tar more effective 

recharge to the aquifer than brier tresheta. A means or impounding a 

part or the runoff in one or more earthen reaervoirs along the arroyo 

upstream tram MoCkingoird Gap well should facilitate recharge tram 

lighter rains. 
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The fracture zone that comprise.;; the undergrounCi. reservoir for 

Mockin bird Gap well is definitely lL1ited in size, as shown by the 

relatively small quantity of water in storage . Since the fracture zone 

apparently is of a fold-failure type, it is remotely ossible that the 

more competent strata in the anticlinal fold ma.y separate less competeut 

strata which are fractured and are the reservoir or aquifer rocks . Thus , 

offset wells drilled alont:., the axis of the fold might encounter sources 

of \iater other than the source for l-1ockingbird Gap well. Li ewise, it 
. 

is conceivable that deepening Mockingbird Gap well mi ht reve 1 other 

aquifers below ~he present bottom of the well, which is reportedly about 

160 feet bel0\1 land surface . Tee Mockin bird Gap well probably penetrates 

the full thickness of shallower saturated fractures at that site. 

Fractures in the type of consolidated rocks comprising the Abo and 

Bursum formations generally tend to be better deYeloped near the ground 

surface than at depths greater than 200 feet . ~nerefore , w-11~ 200 feet 

in depth offset from Mockingbird Gap well are more likely to develop 

additior~l water than a deeper well at the present well sit~ or deeper 

offset \vells. A test hole 0.25 to 0.5 n.ile upstream (northerly) and a 

test hole about 0 .25 uile downstream (southerly) from the Mockingbird 

Gap well should adecuately test ossibili ties for obtaining \m.ter from 
fractures in other strata but in the same zone of fractures in this area . 
The dovm-stream hole also may help in establishing the sout hern limit 
of occurrence of potable \~ter in the area . 

When t he pumping water level is within reach of the pump in Mockingbird 
Gap well , Oscura. Range Camp hauls about 6 , 000 gallons daily to supply 
t roops livin at the Camp . In recent months , the supply for Oscura Range 
Camp has been haulea from Murray well , .3 road rr1iles north, '\-then water was 
not available from Mockingbird Gap well . 
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The area adjacent to the Se.n Andres Mountain south of 1ockin bird 

Ga in this area. has no known e urce of water that meet w-lth 1bl!.c 

He th Service standards for drinking water. Th chl.Ol' de concentrations 

in most of the waters ar hi h, ran in from 1,000 to 5,000 p in wells 

to mer than 8,000 ppm in Salt Creek, 'Which a:ppa.:rently is discha.rgJ 

are for erouna water throughout o~t of its 18-~ course. 

The discharge of Salt Creek v· ies seasonally over a fairly wide 

ran e. RandOtn field estill tes of flow in Se.l t Creek are tl. e only ta 

available pres ntly. These estimates indicate a base flo·r of about 450 

j\l t north of th. mouth of Salt Creek. The base flow on the upper 

reach of Salt Creek is e timated to be at least 50 gpm. 

Thousands of very ".:nll fish live in Salt Cr e • T'nese fish 

apparently are pable of rapidly adapting themselves to ~~eat chan es 

in wtcr salinity. Durin · nfrequent :periods of rainfall, Salt Creek 

carri s a co &iderable qtmk~tity of runoff which undoubtedly dilutes the 

concentrat~on of dissolved solids in the vater a gre~t deal, and of 

course brings about brupt but bri f changes in the en vi "~"onment of the 

fish. 
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Most of the shallow water of this area occurs in Quaternary, and 

perhaps so~e Tert ia17, alluvial deposits . These deposits apparently 

are thickest toward the south end of the area and thin northward t o a 

feather edge a fe11 miles south of Mockingbird Gap. Very little reliable 

subsurface geologic data are available in this area . Three to seven 

test holes ran ing in depth from .300 to 700 feet should be adequate to 

test the availability of non-potable water in this area1 &~d it is 

possible that the deeper tests might encounter water of better quality . 

In conjunction 'With the drilling program, a series of flow measurements 

of Salt Creek, vhi.ch is. hydraulically connected to the round vm.ter , 

would yield data that could be used in a rather comprehensive evaluation 

of the bydroloey . Hontbly rneasurements of the flovT of Salt Creek at 

three points for a period of about one year , then decreased in frequency 

to quarterly for another year , should supply enough data. on the creek 

for a fairly accurate evaluation of the \later in the area . 

Detailed locations for test holes and a definite plan for measuring 

Salt Creek flou should be based on some additional field reconnaissance 

and analysis of existing data. Water from wells and springs in the 

area has been used mainly for watering livestock, and domestic supplies 

have been obtained from rain->mter cisterns or by hauling . Road 

construction contractors and maintenance groups have used water from 

this area for road compaction during the past few years . .Most of the 

compaction water was obtained from Salt Creek and shallow sump holes near 

springs at the edges of the playas . 
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North-Central Tularosa Basin 

Tne north-central Tularosa Basin, for the purpose of this report, 

includes that area having its southwest corner near l1alpais Spring, 

bounded approximately on the east by u. S. Highway 54, and havinc an 

irregularly shaped northwestern limit described by physioGraphic highs 

from Tecolote Hill, north of Carrizozo about 30 miles, to the southern 

end of Sierra Oscura. Because of physiographic, geologic, and hydrologic 

dissimilarities in the northern part of the basin, three subareas are 

discussed separately. The valley flat, including The ~Alpais and the . 
peripheral plain, one ~art of which extends northward to the vicinity 

of Tecolote Hill, forms one such subunit. The other two units are the 

southern Chupadera Mesa-Transmalpais Hills area, and the back slope of 

the Sierra Oscura. Although the last two areas are part of the topographic 

highs that form the boundaries of the Tularosa Basin, they are hydrologically 

related to the basin. 

Most of the north-central part of the basin is underlain by rocks of 

Per1 ian a e covered in some areas by an unknown thickness of basin fill 

which is Quaternary and erhaps artly Tertiary in age and derived mainly 

from gypsiferous beds of the Permian Yeso formation. The basin fill 

thickens southward from the northern limits of the basin. In the 

south-central parts of the Tularosa Basin, approximately 30 miles south 

of the area covered by this section, the fill attains a tl1ickness of 

several thousand feet as shown by a few deep •rells. Very few reliable 

subsurface data in the northern part of the basin are available. 
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Along the east margin of the basin, rocks of Triassic, Cretaceous, 

and Tertiary age crop out on the topographic highs, and some of this 

sequence of rocks may occur at unknovn depths in the subsurface of the 

central parts of the basin. However, extra~olation of the pattern of 

outcrops that occur mainly on the edges of the basin tend to indicate 

that strata of Permian age underlie the fill in most places. 

The basin fill is the principal aquifer in the central part of the 

basin. The Yeso formationAof Permian age might also yield water to deep 

vella in the central basin but no wells are known to pene rate the Yeso 

there. 

Water of reasonably good chemical quality is b1own to occur in only 

a very few, relatively s~sll localities 'dthin the northern part of the 

basin. Most of these occurrences are along the east side of the basin. 

A small area north and east of the village of Oscura contains relatively 

shallow wells that yield as n.uch a~ 50 gpm of water containinG less than 

300 ppm sulfate. Deeper wells in the Carrizozo area reportedly yield 

up to 50 gpm of water similar in chemical character to water yielded 

by wells at Oscura. The source of the ground water at Oscura is apparently 

either Quaternary or Tertiary strata. in the shallow subsurface, whereas 

the better water of the Carrizozo area apparently comes from Cretaceous 

sandstones of either the Dakota sandstone or Vancos forrration. Aquifers 

containing highly mineralized ~tcr in the central part of Tularosa Basin 

are capable of yieldin[ 500 to 1 1 000 gpm or more; these quantities differ 

reatly in various localities. 
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Malpais Spring, at the south end of The Malpais, pere1mially 

discharges more than 1 1 000 gpm of w.ater containing 1 1 910 ppn sulfate, 

1,200 ppm chloride, and 51100 ppm total dissolved solids. A well at 

Oscura Range Camp will yield 500 gpm of water containing 11 900 ppm sulfate, 

640 p~ chloride, and about 41 000 ppm total dissolved solids. Most of the 

atocl~-watering wells in the basin apparently yield only about 10 g9U1· 

Known or reported sources of potable w,ater in the northern part of 

the basin are outside the boundaries of the Intesrated Range. These 

~ sources might be obtained and developed by an agreement with those who 

presently control the lands where they occur. Pumping lifts in the Oscura 

area would be less than 150 feet and lifts in the Carrizozo area may 

range up to )00 feet to obtain the deeper, better quality water. If these 

areas are thought to be desirable for developn~nt, pumping tests and test 

holes will be necessary to augment the rather scanty data available. 

Wells in the Oscura area are used mainly for domestic and stock 

water. There is a well (9.8.35.142) about 1.5 miles west of Oscura, which 

~ has been used to irrigate about 4o acres of diversified crops. The well 

is about 90 feet deep and yields about 300 gpm of water containing 

approxinately 750 ppm sulfate. This well and others around Oscura 

delineate the lintits of the good-water area and show the apparent absence 

of the better water at shallow depths less than 2 miles south or west of 

the village. 
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The Transmal.pa.is Hills, an outlier mass of ~h~~era Meaa1 lie 

adjacent to and west ot 'fbe Malpaia and are geologically and l:qd.rological.ly 

similar to Chup&dera Mesa. A thin se~nce ot San Andres formation caps 

these featurea and beneath the cap is the Yeso formation. Here the San 

Andres is dry and water occurs in the Yeso formation at depths ot 200 

to about 700 teet depending on the toposraphy. All water analyzed tram 

~he Yeso formation in this area contains 31 000 ppn or more total dissolved 

,solids a.nd 21 000 ppn or more sulfate. One 700-toot well recently drilled 

• near Red Canyon Range Camp yields 100 gpn per toot of drawdown trom 

solution channels in the Yeso formation. This well and one other well 

were drilled to supply non-potable water to Red Canyon Range Camp. Most 

of the wells in the area supply water tor livestock and yield less tb&n 

20 gpn; however, near the north end ot the Transmalpais Hills and beyond 

the limits ot the map (pl. 3} one irrigation proJect has been conducted 

fairly successtully tor the past tev years. Water tor 1rriga ting about 

lOU acres ot forage crops is presently pumped from one well (5.9.25.333) 

• approximately 90 teet deep. The well reportedly yielded 2,000 gpm 

originally, but soon after it was put into use the yield declined, and 

1 t nov produces only about 300 gpm. 

Stevens Tank well (7 .8.29.144) within the Integrated Range about 3 

miles south of Red Canyon Range Camp in the Cbupadera Mesa area yields 

water of f"air quality (678 ppn sulfate). No data are available as to 

the capacity of the well, but it probably will yield about 10 gpm. 
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A pumping test at Stevens Tank well and one or two test wells drilled 

nearby should adequately test the possibility of developing water of usable 

quality in this area. If a need fo~ more non-potable water is imminent 

around Rea Canyon Range Camp, several other test holes may be necessary 

to obtain information leading to development. 

The back slope of Sierra Oscura is here considered to include the 

area from the crest of the range eastward to Red Canyon. Pennsylvanian 

and Permian strata crop out in this area in strips more or less parallel 

to the Sierra Oscura escarpment. Monzonite-diorite sills of Tertiary age 

occur in the Pennsylvanian and lower Permian rocks. 

Almost all the ground water in the Pennsylvan5.an outcrop areas occurs 

in joints and fractures in the limestone and appears in springs, shallow 

wells, and collection galleries located on the back slope. These sources 

yield only very small quantities of water~ but the ·. ter is potable . 

Known sources of water fro Permian rocks in the area yield small 

quantities of water that is generally poor in quality. The Bursum 

foriT~tion, of earliest Permian age in the area, yields potable water at 

two localities, Brush Tank canyon and near R. c. Withers Tanks in sec. 18, 

T. 7 S., R. 7 E. A well at each of these places yields less thau 5 gpm 

of potable water; however, an upper water-bearing zone in the Brush Tank 

Canyon area yields 7 to 15 gpm. ~ne water in this upper zone contains 

over 1 0 ppm nitrate, which makes the water unfit for use by infants, but 

is otherwise of good quality. The single well near R. C. \1ithers Tanks is 

reportedly a very weak "\olell1 but the 'm. ter fro the well is of ~ood quality, 

containing only 205 ppm sulfate. The yield of this well might be increased 
by treatment with acid. 
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Infrequent use is made of water from Red Canyon Spring (7 .'7 .15 .421) 

for settling dust and compacting roads in the Red Canyon area. Red 

Canyon Spring yields about 3 &··::;ll:l of water containing 1 , 880 ppm sulfate. 

Tne spring water issues from joints and cracks in the Abo forL>ation of 

Permian age . 

Test drillins in lower Brush Tank Canyon wight encounter worthwhile 

sou ces of potable water. About three holes, 250 to 500 feet deep, should 

be adequate to test the lower Brush Tank Canyon area. One or two test 

holes in the R. c. Withers Tanks area should give a good indication of 

the availability of ground wate~ in that area. 

One other locality in the Sierra Oscura back slope area that warrants 

exploratory drilling, is Black ~ml-Y Draw. One or two test holes in the 

fault zone on the east side of the drau, and possibly one hole near the 

draina e rucis of the draw probably will constitute a fairly thorough 

investigation of this locality. 
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Most or the ground water of the Sierra Oscura back slope and the 

Chupadera Mesa-Transmalpais Hills area apparently moves sout hward and into 

either the fill or Permian rocks of the northern Tularosa Basin . Very 

little water is discharged from springs in t he marginal , high areas around 

the basin; therefore, some of the water that probably percolates into the 

ground in the boundary areas moves from the mountain and mesa rocks into 

the aquifers of the central basin . In some areas the aquifers underlying 

the hi hlands may be the same as the basin aquifer , such as the Yeso 

formation in the northernmost Tularosa Basin; however, water in the Yeso 

forl,iation in the northern part of the basin probably moves into the fill 

as it migrates southward . 

Water-level contours indicate a general movement of ground water 

toward The lv!a.lpa.is and thence southwestward . Some of the water that 

moves southwestward through the lower part of the basalt, or perhaps through 

the sediments that underlie the basalt sh et, discharges from Malpais Sprin 

at the southern end of The ~~pais. The fact that ground water does move 

toward The Ma.lpais suggests that the basalt was ejected or flowed into a 

perennial stream. Wells drilled through the basalt might yield considerable 

quantities of water. ~lost of the water beneath The Malpais probably is 

fairly highly mineralized except possibly following periods of relatively 

heavy rainfall when considerable recharge percolates downward through the 

joints and cracks in the basalt, ~~d dilutes the highly mineralized 

water that comes from areas adjacent to The Malpais. However, several 

test holes drilled through The }1alpais might encounter a few sources of 

water of fairly good quality. 
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Summary 

The occurrence of potable water in the northern Tularosa Basin is 

confined to (1) the back slope of Sierra Oscura, (2) the Mockingbird Gap 

area, and (3) the east side of the basin . Quantities available from 

existing sources in the Sierra Oscura are small , ranging f~on1 2 to 20 gpm . 

Springs and shallow wells obtain water from joints and cracks in limest ones 

which crop out over almost the entire area. Only one well {Baca 6.6 .26 .333) 

yields as much as 20 ~~m . Other sources yield less than 5 gpm each. Tnere 

~ is a possibility that acid treatMent might increase the yield from some of 

these wells and spr~n s. As one n1ight expect, water from the limestones 

of this area has a high hardness as calcium carbonate , but is potable . 

Mos·t of the carbonate hardness is temporary and may be removed by simple 

processing through a zeolite column . 

The r~ockingbird Gap well (9 .5.15.143) yields 30 ~~ of potable water 

from a fairly small fault fracture reservoir . Withdrawal of 2 to 3 

million gallons of water from the Mockingbird Gap well lowers the ~ter 

level tc the pump intake . However, the water level in the well responds 

very quickly to storm flow in the arroyo near the well. The installation 

of two or more check dams on the arroyo above Mockingbird Gap well should 

induce more effective recharge . One or two other wells drilled in this 

area might develop some additional water not now available to the Mockingbird 

Gap well. With proper conservation ~easures, the Mockingbird Gap well area 

should supply water for about 75 people. 
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Water of inferior or near potable quality is derived from both 

shallow and deep wells in the area along the east side of the northern 

Tularosa Basin. Wells in the vicinity of Oscura, sec . 36, T. 9 s., R. 8 E., 

yield about 50 gpm from depths ranging from 50 to 75 feet. Near potable 

water also is obtained by \ffllls in Cretaceous rocks i~ the Carrizozo area 

at depths ranging from 300 to 1 , 000 feet. The wells yield about 50 gpm 

and the non-p~~ping water levels are about 200 feet . Both of the two 

sources of water mentioned above apparently could be developed more 

extensively to obtain water for military or municipal purposes , however 

both areas are on privately controlled land. 

~ae area of shallow, near potable water around Oscura is relatively 

srrall and thus the total quantity of water available probably is small. 

On the other hand, the deeper source of water in the Carrizozo area nay 

underlie a rather large area on the east side of the basin ana consequently 

may constitute a supply of considerable ~Jagnitude . Only one well (8.10.2) 

is known to derive ~~ter from the deeper Cretaceous rocks around Carrizozo, 

and it has not been used for many years. Exploratory holes penetrating 

these Cretaceous water-bearing beds, followed by pumping tests, will be 

necessary to establish any quantitative estimates of the iiater available . 
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Moderate to large quantities of impotable water are available to 

wells and springs in almost every part of the north-central Tularosa 

Basin. l~lpais Spring (12 .7 .8.422) yields about 1 , 500 gpm, whereas t he 

few other springs in the area yield 20 gpm or less . Although most of 

the sources of impotable water developed in this area are small quantities 

for use in watering livestock, the few wells constructed for obtaining 

larger quantities generally have yielded 300 gpm or more . Most of the 

high-yield wells are 10-inches or more in di&neter and are drilled to 

de ths greater than 200 feet. 

Some of the vast quantity of water available in northern Tularosa 

Basin contains high concentrations of dissolved ,ninerals which make it 

unfit for drinking and many other purposes. However, some of the water 

should be satisfactory for supplying ntilitary installations with all 

but drinking and cooking water, which might be obtained by treating 

the available impotable water with some of the newly developed 

de ineralization devices such as a solar still. 
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CARRIZOZO AREA, LINCOLN COUNTY, NEW XICO 

By 

J . B. Cooper 

The portion of the cr·ularosa Basin described in this section of the 

report is in the vicinity of Carrizozo, east to ogal, and south to 

Oscura . The area covers about 150 square miles between Sierra Blanca 

on the east and the Malpais (lava flow) on the west . (See pl . 4.) 

An investigation of the water resources of this area ~as made by personnel 

of the U. S . Geological Survey in April 1~57 . The results of this 

investigation have not as yet been released; however, data collected at 

that time have been used in the preparation of the present report . 

Geological mapping has been done in the area by several investigators 

The results of their work have been compiled in generalized form to show 

the main geologic features of the area (pl . 4) . 

Principal Aquifers 

Wells in the area obtain water from formations that range in age 

from Permian to Quaternary. Most wells obtain water from either 

unconsolidated deposits of QuaternarJ age or consolidated rocks of 

Cretaceous age . These formations contain the principal water-bearing 

beds in the area and are the only aquifers discussed in this report . 
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Quaternary Alluvium 

The principal water-bearing formation in the area is the alluvium 

of Quaternary age which is the surface formation in the central part of 

the basin and on the plain east of Carrizozo (see pl . 4). It consists 

mostly of unconsolidated clay, silt, sand, gravel, and boulders which 

form a heterogeneous deposit that differs considerably in texture over 

short lateral distances . Boulders and coarse gravel commonly are found 

near the mountains and fine-grained deposits are predominant at lower 

elevations in the basin. The alluvium contains much gypsum . Most of the 

clayey deposits are gypseous and grade into deposits of nearly pure 

gypsum. The thickness of the alluvium ranges from a featheredge 

northwest and west of Carrizozo to more than 100 feet to the east and 

south . The majority of the wells in the area obtain water from the 

alluvium, and wells capable of yielding several hundred gpm have been 

constructed in it near Carrizozo . 

Cretaceous Rocks 

Water is yielded to wells at many localities in the area from rocks 

of Cretaceous age . These rocks underlie the alluvium and also are 

exposed at various places . {See pl . 4.) The rocks are mostly shale, 

sandstone, and limestone in alternating beds. Their aggregate thickness 

has not been established; however, the maximum thickness is thought to 

be in excess of 600 feet and may be as much as 1,000 feet in a part of 

the area. 
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Most wells finished in Cretaceous rocks obtain water from sandstone 

layers within the formation. The Southern Pacific Company drilled deep 

wells at Carrizozo and Oscura in the early nineteen hundreds. At 

Carrizozo the deepest well (8.10.2.410) was drilled to a depth of 1,125 

feet. At Oscura well 9.9.31.133 was drilled to a depth of 965 feet. 

These wells were reported to have been pumped at rates of about 50 gpm 

each but have not been used for many years. 

Nature of Ground-Water Occurrence 

Ground water occurs in the alluvium under water-table conditions; 

that is, the water is unconfined at the upper surface of the zone of 

saturation. There is no indication that ground water in the Cretaceous 

rocks is influenced by artesian pressures, and it appears probable that, 

at least in a part of the area, there is a hydraulic connection between 

water in the alluvium and water in rocks of Cretaceous age. 

Recharge to the ground-water reservoir in the vicinity of Carrizozo 

is largely from runoff from an area of about 50 square miles, or about 

32 1000 acres, in the mountains east of the town. About 40,000 acre-feet 

of water is received in the area each year. Probably the greatest amount 

of recharge to the alluvium is in the upper gravelly parts of the 

stream-built slopes. It is probab~ that there is some recharge to the 

Cretaceous rocks in the Malpais area where the lava flow overlies 

Cretaceous sandstone. 
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Depth to Water 

The altitude and approximate shape or the water table is shown on 

plate 4. From the mountains ground water moves west and northwest 

beneath the Carrizozo plain and in general follows the direction of 

Jogal Arroyo northwest past Carrizozo to the Malpais. Southwest of 

Crtrrizozo water moves generally northwestward toward the Malpais. 1bere 

ere numerous smell springs in the area. They either are associated with 

rock outcrops that form barriers that impound the ground water or issue 

from unconsolidated deposits at localities where rock ledges form 

subaurtace dams. The water table is not a plane surface but has 

irregularities comparable with and related to those of the land surface, 

although the water table is leas rugged. The irregularities are caused 

chiefly by local differences in geology and topography. In general the 

water table slopes downward from the mountains toward the valley. Hear 

the mountains the depth to the water table seldan exceeds 100 feet and 

commonly the depth decreases with decreased altitude ot the land surface • 
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Quality of Water 

Much of the ground water in the area is highly mineralized. A 

total of 16 chemical analyses of water from wells finished in the 

alluvium indicates that the water is very hard and usually contains 

large amounts of sulfate. Water from the wells sampled contained ;91 

to 2, 340 ppm sulfate and had a calcium and magnesium hardness, as 

calcium carbonate, ranging from 565 to 2,980 ppm. The quality of the 

water from wells believed to be completed in rocks of Cretaceous age 

is similar to that contained in the alluvium; however, the sulfate 

content of several samples was less than that of water from the 

alluvium. The results of 16 chemical analyses of water from Cretaceous 

rocks indicate that total hardness ranged from 571 to 1,66o ppm and 

that the sulfate content ranged from )04 to 2,210 ppm. The BnBlysis 

of weter from the Carrizozo railroad well no. 4 (8.10.2) indicates 

less mineral constituents than was indicated by analysis of water from 

other wells in the area. Water from this well is reported to contain 

1'-X) ppm total solids and 255 ppm sulfate. The town well at Carrizozo 

yields water that contains 620 ppm sulfate and that has a total 

hardness of 754 ppm. The sulfate content of water from individual wells 

is shown on plate 4. 

Present Development 

Ground water in the area covered by this report is utilized mainly 

for stock and domestic purposes. Approximately 100 stock and domestic 

wells are in use at the present time. In addition to these there are 

2 public supply wells, 2 industrial wells, and about 10 irrigation 

wells in the area. 
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Capacities of Wells 

Stock and domestic wells in the area are pumped at rates ot only 

a fe~ gallons per minute. The town well at Carrizo&o (8.10.14.222) 

was reported to have been tested at a rate ot 460 SID· The operating 

irrigation and industrial wells in the area are pumped at rates ranging 

from 6o gpm to 500 gpm. lear Nogal and Carrizozo 1 wells capable or 

yielding several hundred gallons ~r minute have been developed. Yields 

as high as 850 gpa are reported for, wells cCJDpleted in the alluvium near 

• Carrizozo. In the vicinity of Rogal, wells produce as much as 4oo gpm 

from a caabinetion of the alluvium and Cretaceous aquifers. Well 

8.10.21.3001 which is southwest of Carrizozo and which apparently 

obtains its entire yield tram rocks of Cretaceous age, is reported to 

be capable or producing l,o8o gpm. 

o-F­
Depth 4ie.-~ Wells 

Wells presently in use in the area range in depth fran less than 

50 feet to about 300 feet. The deeper wells are tiniabed in rocks ot 

• Cretaceous age, although part of the water yielded by them may be 

furnished to the well tram the alluvium. A test well (8.10.21.,00) 

412 feet deep has been drilled about ' miles southwest ot Carrizozo, 

and wells have been drilled at Oacura and Carrizozo to depths ot about 

11000 feet; however, these wells are not now in use. 
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Potential Supplies 

Large quantities of ground ~ater of inferior quality apparently are 

available from the alluvium east and south of Carrizozo. Certain rock 

formations of Cretaceous age, which underlie this area, may also contain 

fairly large amounts of near potable water. On the basis of presently 

available data it is esttmated that the Carrizozo area could be developed 

to produce as much as 20,000 acre-feet of interior ground water annually. 

Suggested Additional Study 

Additional studies are needed to obtain quantitative data necessary 

for full utilization of the total water resources of the area. No 

quantitative data on the hydrologic characteristics of the elluvium are 

presently available. Information is needed on the trend of ground-water 

levels, pumping water levels, specific capacities of wells, transmissibility 

of the water-bearing formation, and effects of pumping on other wells in 

the area. Development ot large water supplies from the alluvium should be 
preceded by a test-drilling program to locate the thickest and most permeable 
sectionof~ater-bearing material available in the locality desired for 
production wells. Pumping and development tests should be made in test 
wells prior to completion of a final well, and samples of water encountered 
should be chemically analyzed. The water-bearing zones within rocks ot 
Cretaceous age should be explored at several locations in the area by 
means of test holes. These test holes should be drilled and constructed 
so that water from the alluvium is excluded from the hole after the 
Cretaceous rocks are reached.· Accurate sampling and logging of the 
formations encountered during drilling would be an integra}. part of this 
program as well as periodic water sampling and tests to determine the 
yield of water•bearing foru~tions encountered during drilling. The depths 
of test holes to explore the Cretaceous aquifers would depend upon their 
location in the area and upon the formations encountered during drillingj 
however, it is anticipated that 1,000 teet would be near the maximum depth 
of any individual test hole. Additionai wells may be drilled in the future 
by land owners ot the area. An attempt should be made to obtain reliable 
records of these wells from either the driller or the owner. 
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THREE RIVERS AREA, OTERO AND LINCOLN COUNTIES, NEW MEXICO 

By 

E. H. Herrick 

The area described in this section of the report comprises 

a proximately 150 square miles between the west slo~e of Sierra Blanca 

and u. s. Highway 54, at the boundary bet~ en Ot_ro and Lincoln 

Counties about 20 miles north of Tularosa, N~w Mexico (pl • 5 and 6). 

Th area. is drained by Three Rivers and its tributari s. Two of the 

tributaries, Three Rivers Canyon and Indian Creek, ha e perennial flows 

in their upper reaches at the :1est side of Sierra. Blanca. 

Both the surface water and ground water of this area are b ing 

studied in some detail to determine the f asibility of developing 

additional water for the Bonito Lake pipeline, which has been constructed 

along U. s. Highway 54. The geology of the Three Rivers area was mapped 

in 1956 (pl. 5), and most of the \Tells and springs were investit:!;ated. 

Nine test holes had been drilled py the end of 1957. ~trewn-flow records 

of both Turee Rivers Canyon and Indian Creek have been obtained since the 

summer of 1956. A detailed report of the occurrence of w'ater it1 the area 

\lill be prepared when available data have been collected and analyzed. 

Th ..... report by .feinzer and Ha:t·e (191)) contained some information on the 

occurrence and che~ical quality of ground water in ~he Three Rivers area, 

but only a small a~ount of data were available at that time, and their 

report \las n cessaril eneralized. A progress report on recent test 

drilling in the area (Herrick, July 3u, 1957) was prepar~d for the u. s. 
Army, Corps of Engineers. 
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General Geology 

Sierra Blanca ap rently has a syenite core intruded by large 

monzonite stocks and dikes , but the western flank of the mountain is 

co pose mot.tly of volcanic rocks, includin andesite porphyry, breccia, 

a glo erate, tuff, and associated rhyolite and latite flows of Tertiary(?) 

a e . T e Godfrey Hills are co osed mainly of extrusive rocks. 

Sedimentary rocks in the mapped. area (pl. 5) rang in ge from 

Triassic to Recent. They are exposed between Sierra Blanca and the 

Godfrey Hille, and west and soutr of th_ Godfrey Hills. The consolidated 

rocks include, in ascending order, t.:.~ Chinle formation of Tria sic age , 

th~ Dakota sandstone, Mancos ~hale, and Mesaverde formation of Cretaceous 

g , and the Cub ountain for. 2.a:l:ii~.. .. 1 of Tertiary(?) age . The lower :parts 

of the area are covered to .ariable d~ ... ths with a mantle of rol')stly 

unconsolidated alluvium of Quaternary a e . The alluvium consists of a 

hetero eneous mixture of clay, sil , sand, and gravel hich were derived 

from the flan ing mount ins. The alluvium pparently h.a.e its maximum 

thickness in the delt ~sha ed m:ea between Three Rivers and Indian Creek; 

a thicltness of more than 125 feet has been reported by drillers and 

observed in t~st drilling, but the thickness prob bly is greate... in a 

f w places . 

Dikes and sills of v ryin conrp sition, includin an site, le.tite, 

qua tz monzonite , rhyolite, and lamprophyre are numerous, an many 

topographic prominences have resulted fr~a the r sistance of these dikes 

and sills to erosion. 
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~ne re ional geologic structure is characterized by eastv~rd dips 

of lovr to moderate angle in the western part of the area. Considerable 

change in attitude occurs in the re-entrant area where the dips are 

generally northeast. This deviation of attitude is caused by faulting 

and, locally, by the numerous intrusions. Major faultin in the area 

trends northwest and northeast , vi h displacements, in on~ places, of 

several hundred feet. Minor faultin, is widespread, with a en ral 

northeast tr nd . The extensive vene8r of alluvium and talus conceals 

l~Y of the faults. 

Surface Water 

Both Three Rivers Canyon and Indian Creek have perennial flows in 

their upper reaches, and all the drainagewaya carry flood flows , some of 

whi~h are of major proportion, durin and followin the infrequent heavy 

showers. Four stream-gaging stations are maintained on the two strea~s 

by the Geological Survey, and records have been obtained since the summer 

of 1956. The run-off in Tnree Rivers Canyon and Indian Creek fluctuates 

widely through the year, as indicated in table 2 . 
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Table 2.--Run-off, in acre-feet, at stream-gaging stations 
on Three Rivers Canyon and Indian Creek. 

Three Rivers Indian Creek Indian Creek 
Canyon above above Indian Creek e.t 

Month Lincoln Canyon diversions Flume mouth 
(10.10.;4.110) {11.10.10.410) (11.10.q.221) {11.9!.13.410) 
1956 1957 1956 195'7 1_9_56 1957 1956 1957 

January 0 18 8.4 0.65 

February 11 26 19 .81 

March 61 96 89 1.4 

April 127 206 167 .63 

May 0 89 229 193 0.7 .20 

June 0 24 6.9 83 8.6 69 26 0 

July 0 5.4 70 35 17 19 45 176 

Aueust 7.3 64 419 211 177 127 220 114 

September l) 217 13 275 18 40 1.9 86 

October 0 16 11 .44 

Noventber 0 15 8.1 .52 

December 0 13 6.6 .54 

Oct. 1956 - Sept. 598 1,223 757 381 
12_57 

It will be noted that, for the period October 1956 to September 
19571 the run-off in Three Rivers Canyon above Lincoln Canyon (10.10.34.110) 
was 598 acre-teet, while for the same period the run-off in Indian Creek 
above diversions (11.10.10.410) was 1,223 acre-feet and that Three Rivers 
Canyon at the gaging station contained no tlov during parts of the year. 
Hovever, atter the installation of the gaging station on Three Rivers 
Canyon, it was noted that the canyon above the station apparently maintained 
a perennial flow although it was very small during parts of the year. 
Therefore, the flow of Three Rivers Canyon in several places above the 
gaging station is nov being measured periodically. The measurements 
obtained in the upper part of Three Rivers Canyon to date are contained in 
table 3. 
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Table 3··-Miscellaneous measurements of flow in the upper 
part of Three Rivers Canyon. 

Description and location Flow (cfs) of measuring point 
5/21757 6/24/57 7/23/57 l(j/20/57 

North branch, north fork 0.50 No meas- 0.15 0.0( 
Three Rivers Canyon; NtltNWkswt urement 
sec. 30 (projected), T. 10 8. 1 

R. 11 E. 

South branch, north fork .81 No meas- .01 .56 
Three Rivers Canyon; NWf.-NWtswt urement 
sec. 30 (projected) 1 T. 10 s., 
R. 11 E. 

North Pork 1-33 No mea.s- .02 .42 
Three Rivers Canyon; SEtSEtSEt urement 
sec. 2_21 T. 10 S. 1 R. 10 E. 

Three Rivers Canyon 1.92 No mea.s- .08 .72 
be~ow south forkj Wl}NE~ sec. 36, urement 
T. 10 S., R. 10 E. 

Three Rivers Canyon 1.29 0.11 .1'7 
500 ft. ab~N;:~ Dry Canyon; 
NE·kNEt sec. )5 1 T. 10 S. 1 

R. lU E. 

Three Rivers Canyon 1.57 .04 ,02 .36 
500 ft • below D.cy Canyon 
NWtfmt- sec • 351 T. 10 S ., 
R. 10 E. 

ing station on Three Rivers 1.39 0 0 .18 
Canyon above Lincoln Canyon; 
NW~NWt sec. 34, T. 10 s., 
R. 10 E. 
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Most of the water samples collected from the base flow of Three 

Rivers Canyon have contained only small amounts of dissolved solids, 

ranging from about 250 to about 550 ppm. However, flood waters in the 

creek sometimes contain a considerably larger quantity of dissolved 

minerals. A sample of water collected on April 171 1957, from Three 

Rivers Canyon at the ford in the NWt sec. 34, T. 10 s., R. 10 E. 

contained about 700 ppm ot ~~ dissolved solids and 283 ppm of 

sulfate. However, a sample of ~ter collected on April 251 19571 from 

~ Three Rivers in the NWk sec. 131 T. 11 s., R. 9t E., about 5 miles 

below the point where the above sample was collected, contained only 

about 350 pp.'D of total dissolved solids. Apparently 1 the chemical 

quality of the flood waters varies considerably, probably depending 

on the principal source area of the water and the duration of the 

flood. All samples collected of the base now of Three Rivers have 

been of fairly uniform, potable quality. 

Most of the water samples collected from the base flow of Indian 

~ Creek also have contained only small amounts of dissolved I!lineral.s. 

The water is very similar in chemical quality to that from Three Rivers 

Canyon, but generally contains even less dissolved solids, about 200 ppm. 

However, the chemical quality fluctuates, particularly during flood 

flows, and the 'Water in Indian Creek has contained as much as 800 ppm 

of total dissolved solids. 
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Ground Water 

~ne principal aquifers in the ~nree Rivers area are the Quaternary 

alluvitun, and sandstone in the lmfer part of the Cub Mou..."'ltain format ion 

and in the upper part of the Mesaverde formation . The depth to water in 

the area ran es from less than foot in parts of the creek beds to as 

much a& 150 feet {see pl . 6). In the lower parts of the re-entrant , in 

the north\vestern part of T. 11 S . , R. 10 E. and the sout:Ttvestern part of 

T. 10 S . , R. 10 E . , the average depth to .a ter is between 20 and 50 feet . 

As indicated by the wa. er-table contours on pla 6, the ground 

water ruoves southwestward from the re-entrant area toward the main part 

of Tularosa Basin . There are several small springs whe.ce ea.st','::l.r '-dippin 

impermeable beds force the ground v~ter to the surfac~ . 

The only apparent source of po able ound \Tater in the Three Rivers 

area is the eastern 1 rt of the re-entrant area, bounded rou hly by Indian 

Creek on the south and the Godfrey Hills on the west. s can be seen from 

the data presented on plate 6, much of the ground water u derlyin the 

re-entrant area is of relatively good chc .ical quality, although most of 

it contains sulfate somewhat in excess of the U. S. Public Health Service 

standard of 250 ppm for drinkin..., water . At the southern end of the Godfrey 

Hills, the ,_round vmter conta::.ns . ore than 400 p:p. of sulf8.te . Fro there 

southwest•~rd down the gradient of the wat r table , the sulfate content of 

t he water increases . In the vicinity of the Ryan Ran h (sec. 25, T. 11 S ., 

R. 9 E.), the ground 1vater contains . ore than 1 , 000 ppm of sulfat e . All 

three wells south of Indian Creek in the "toJestern part of T. 11 S . 1 R. 10 E . 

also yield water containing more than 1 , 000 ppm of sulfat e . 
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~rost of the wells in the Three Rivers area are used to obtain water 

for stoclt. T'nree rells yield water for domestic use . ~e Bosque ~rell 

(11.~ . 13.244) is used to irri~atc a small orchard and garden, and 

several other wells (11.9~.22.244, 11.~ . 22.330, 11.9.26 . 430, and 

11.92 .28.210) along Three Rivers have been us~d to irrigate sw~ll areas 

in the past. The Bosque 11ell yields an estimated 400 gpm when first 

pwn ed, but the yield declines rapidly after the well has been pumped 

for a f~w hours . Hell 11.9~ . 2;..) . 210 is reported to have originally 

yielded 350 gpm, but n1ore recent estimates indicate a yield of less 

than 150 gpm . The uther wells yield generally less than 50 gpm . Most 

of the stock 1-Tells yield less than 10 Qm1 with existing equiprr.ent , 

although it is reported that a few were tested at rates reater than 

50 g_,:.n. 

The high initial yield of the Bosque vlell probably is due to its 

unusual construction. The well re,s dug prior to .1915 a d. reportedly 

consists of a vertical shaft 50 feet deep and a horizontal tunnel , 100 

feet long, connecting with the shaft at the 33-foot level . T'ne horizontal 

tunnel reportedly •~s constructed in coarse stream d posit containing 

numerous boulders . 
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Between November 1956 and September 1957 eight test holes were 

drilled in the Three Rivers area under contraet by the u. s . Army Corps 

of Engineers. Test hole 10 .10 . 32 . )34 yielded 75 gpm with a drawdown of 

134 feet after pumping for 5 hours at rates ranging from 50 to 100 gpm . 

The w~ter, which contained 742 .r~ of total dissolved solids and 292 

ppm of sulfate, was obtained from sandstone in the lower part of t he 

Cub Mountain formation and the up1oer part of the Mesaverde forJua.tion . 

Test hole 11 .10 .6 . 333 yielded water of similar quality ( 691 ppm of 

total dissolved solids and 293 p m of sulfate} fro.~ alluvium . A pumping 

test of the lat ter hole indicated a safe ~~imum yield of 75 SPffi • Test 

hole 11 .10 .8 . 311 yielded the least ineralized >vater (261 ppm of sulfate} 

of all the test holes , but yielded only 10 gpm from alluvium. Water 

from test hole 1~.10 . 6 . 433 contained 915 p~n of total dissolved solids 

and 416 ppm of sulfate, and the hole had an indicated maximum yield of 

only SO gpm . Test holes 11 .10 .5 .314 ana 11.~.13.234 also yieldeu 

impotable ~ter (853 and 451 ppm of stufate, respectively), and bot~ 

holes yielded less than 50 gprn. . The principal aqu:i.fer of the three 

latter holes is alluvium . Test hole 11.10 .7 .232b yielded more than 100 

gpm during a pum.ping test that indicated the hole \vas not fully developed . 
T:1e test indicated ths.t the hole , if pro:Jerly dev lopeJ., might yield as 
much as 200 :;pm . The casin6 of the hole was perforated in both the 
alluvi~ and sandstone L the lower ) rt of the Cub Hountain formation 
and possibly the upper part of the Mesaverde formation . However, the 
water, aft~r the hole had been pumped for 5 hours, cont:=~.L1ed 452 ppm of 
sulfate . Test hole 11 .~~ . 23 . 141 produced only 50 gpm of highly 
mineralized ;,ater (792 ppm o:' sulfate) from sandstone in the 1esaverde 
forrr.ation. 
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~nese data indicate that ground water of potable and near potable 

chemical quality is limited to the central and eastern part of the 

re-entrant area in the northwestern part ofT . 11 s ., R. 10 E . and the 

sottthwestern part of T. 10 S . , R. 10 E . In those areas , there are no 

wells or test holes that yield nore han 100 gpm . The northe· stern 

rt of the a4ea P~s not been investigated by test drilling, nd it 

is possible that ~lls yielding as much as 100 gpm can be dev loped in 

that area if sandstones of the Cub .Mountv.in fonna.tion and the Nesaverde 

forwation are fUlly penetrated . Along Indian Creek near its junction 

with Three Rivers, in the northeastern rt fT . 11 S ., R. 9~ E. and 

the northiest-rn part ofT . 11 S ., R. 10 E., wells producing at least 

200 ~;ym of water containing about ·~50 .l.":pm of sulfate can be d veloped . 

As tha d-eposition of alluvium in the re-entrant area has been very 

erratic, most of the more permeable sands and gravels have only a very 

li. it d occurrence and apparently pinch out vrithin short distances . 

Therefore , locatin"' the most. 2ermea le lenses in the alluvium is 

difficult , but it is possible that a properly developed well in an 

unusually ermeable lens in the alluviuo might produce as much as 200 

gpm, at least for short periods o pumping . As indicated by the 

performance of the Bosque well , a well 11i th an extrenely large wall 

surface exposed in such a lens will roduce an even larger quantity of 

water, at least for short periods . 
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Potential Supplies 

It is apparent that the water ~esources of the Three Rivers area 

can be most fully and most economically developed by mixing waters of 

inferior cheRical quality with potable water to yield a product water 

of potable or near potable quality to the pipeline. This may be 

accomplished in a number of ways. For example, data indicate that wells 

producin(• at least 10 and possibly as uch as 200 gpn can be developed 

in the vicinity of test bole 11.10.'( .232. Although the .__round water in 

that area may be expected to contain from )00 to 500 ppm of sulfate, by 

mixing this \?.ater with less highly mineralized surface and roun water , 

the final product reaching the Bonito Lake pipeline should be of reasonably 

good quality . Available da.ta. indicate that the base flows of Three Rivers 

and Indian Creek probably have an average sulfate content of about 100 ppm . 

If such water comprises 50 gercent of the VJater developed in the area, 

~round w~ter containing an average of as much as 400 ppm of sulfate can be 

mixed vrith it to produce a _produc~ wat;.er containing about 250 p:pn of 

sulfate delivered to the pipeline. 

It is estimated that a dependable supply of at least 1,000 acre-feet 

per year of mter containing an average of not more t~~n 250 ppm of 

sulfate can be developed in the Three Rivers area, if both surface-water 

and ground-water sources are utilized. This est~ate includes diversions 

on both Three Rivers and Indian Creek and approximately 6 wells . It is 

probable that more than 1 1 000 acre-feet per year can be developed if mor e 

wells are drilled or a somewhe.t more inferior qualitv of product water 

is developed . 
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Suggested Additional Study 

Records of flows of Three Rivers and Indian Creek cover only a 

short period, and it is not known how representative these records are . 

Therefore, the stream-gaging stations on the two creeks should be 

maintained ana additional miscellaneous measurements in the upper part 

of Three Rivers Canyon should be obtained as parts of a continuing 

data-6athering program . Some slope-area measUl·ements have been made . 

These should be fully analyzed to determine the extent of flood flows in 

the area and the feasibility of storing and utilizing flood-flow vater . 

Hore slope-area measurements should be made. 

Before fir plannin of well fields in the Three Rivers area is 

done , it would be advisable to obtain more co plete data on the hydrologic 

characteristics of the aquifers, so that the capacity of ·he area and the 
' ' . 

effects of long-term pumping on •;ater levels and chemical quality of the 

•~ter can be estin~ted . It is suggested that at least one test hole or 

well in each of the proposed well-field areas be test pump_d for a period 

of 2 to 4 weeks. 

In order to compute coefficients of stora e , observations of the 

effects of pumping en water levels near the pumped well are essential . 

With the present distribution of wells and test holes in the area, such 

effects can be observed only at test hole 11 .10 . 7.232. Ideally, two 

observation vmlls should be drilled at distances of about 100 and possibly 

200 to 300 feet from and preferably on opposite sides of the pumped well. 

The uells >rould serve as observation •-rells during test pumping and vTould 

provide additional valuable data on the chara~ter and thickness of the 

alluvi'l.lr.l. . 
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The cost of the te~·t pum__.ing suggested above and drilling of 

additional observ tion ;;ells 1rould ppe!lr to be a rather s .. J.ll addition 

t the t )tal e2tin:u.ted cust of the develop ent. Fro ..... the data obtainea 

it hould be ossible to cleter ine more accurately the optinum s acing 

of wells .:1nd to estLu:lte with sor....e assurance the effe.cts to be expected 

fro 11um ing. 
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TULAROSA -AI.AK>GOROO AREA, OTERO COUNTY, NEW MEXICO 

By 

F. D. Trauger 

Tulare a and Alamogordo lie at the foot of the Sacramento Moun~ains, 

on the east side of the Tularosa Basin. The economy of the area, once 

based solely on agriculture and livestock, has been profoundly altered 

since 1940 by the establishment and operation of Holloman Air Force Base 

about 7 miles southwest of Alamogordo. The following summary of 

ground-water resources is concerned with the area surrounding the two 

towns and extending west from the foothills of the mountains for a 

distance of about 12 miles, north from Tularosa about 10 miles, and south 

o Alamogordo about 7 miles (pls. 71 8, 9, and 10). 

Principal Aquifers 

In the Tularos -Alamogordo area the valley fill may be divided into 

two parts, a thick section of older alluvium and an overlying, relatively 

thin section of younger alluvium. Underlying the older alluvium, and 

constituting the so-called "bedrock", are sedimentary rocks of Paleozoic 

age. At places on the floor of the Tularosa Basin the bedrock projects 

through the valley fill, and the rocks thus exposed are identical witll 

those of similar age exposed in the Sacramento Mountains. 
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As a group, the varied rock types of Paleozoic age underlying the valley 

till are not productive aquifers, being generally too denae to contain water 

recoverable in appreciable quantities. However, at the top of the Paleozoic 

sequence in the general area, the Yeeo tormation and overlying San Andres 

formation ot Permian age may be considered as potential a~itera. According 

to Meeks (19501 p. 12) the principal aquifer in the 11~0-toot Champion well 

(l4.10.l9.24o) n•r Tularosa is a poroua limeetone at a depth between 1,100 

and 1,200 teet (log, Meeks, 1950, p. 26, indicates porous lime and water 

between l, 250 ancl l, ,00 teet) • The well reportedly produced 500 gpm. Whether 

the aquifer encountered ia a limestone ot the Yeao or San Andree tozwation 

waa not d.etem1ne4. The Yeao and San Andree formation• are believed to 

underlie the bolaon depoaita throughout the area. The Yeao tormation has a 

thickness ranging from 1,200 to 1,8oo feet (Pray, 1954, p. 9') and conaiets 

ot limestone, red and yellow sandstone, gypaum, and minor amounts ot fine ~r-o./?C~ 
quartz aandetone. According to Hood (May 19561 p. 10) the limestones of the 

Yeao formation conatitute the principal aquifers in the Cloudcroft area eaat 

ot Tularosa • 

The San Andrea formation, overlying the Yeso1 baa an observed thickness 

ot 100 teet in the Sacramento Mountains (Hood, Ma7 19561 p. 11) • The San 

Andres conaiata primarily ot limestone and interbedded dolomite, with one or 

two relatively thin sandstone beds, tightly cemented with calcium carbonate, 

generally being found in the lover part of the formation. The San Andrea 

formation ia noted generally tor the profuse development ot .elution cavities. 

Solution cavi tie a are common in expoeurea in the Sacramento Mountains and in 

the subaurtace in the Roavell baain ot the Pecoa Valley. It ia probable that 

the San Andrea in thia area also has solution c&Yities similar to that in the 
Roswell area where it constitutes the prtmary aquifer. 
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The fact that the Yeso and San Andres formations are covered generally 

by a thick mantle of older and younger alluvium and that any waters they 

may contain are likely to be highly mineralized, precludes the liklihood 

of development of these rocks for potable supplies of ground water. Only 

in the event water is urgently needed, is not available elsewhere, and 

quality is not an important factor, is it likely that ground water in t e 

Yes or San Andres formations will be worth developing. 

~e older valley fill, or Tertiary age, is thick. The log of well 

16. 9.26.210 near Alamogordo shows that the older fill extends from a depth 

of ab ut 150 feet to at le st 1,000 feet in tha~ locality (Hood, 1957, 

p. 43). ear Valmont, in well 18.9.14.700, the fill is at least 1,8oo feet 

thic • The log of the Southern Pacific well at Temporal (13.9.14.440) 

indicates the older fill there extends from a depth of about 200 feet to at 

least 8oo feet. According to Rood (1957, p. 43) the older fill con ists 

mostly of clay, with little material coarser than very fine-grained 

sand. Some test holes in the oles well field area indicate that t e older 

fill bec~~es coarse~~ toward the mountains. This is borne out also by 

the log of the Southern Pacific well at Temporal (Meeks, 1940, p. 25). 

The older fill contai s appreciable quantities of calcium carbonate in 

the form of caliche and disseminated flakes of nodules {Hood, 1957, p. 43). 

o large capacity wells are known to obtain water primarily from the 

older lluvium; stock and domestic water generally can be developed in 

quantities sufficient to meet most needs, but as a rule the older 

alluvium is a relatively poor aquifer owing to the gener lly fine-grained 

sediments composing the aquifer. 
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The younger alluvium, of Quaternary age, is the most widespread and 

dependable aquifer in the area, and the only aquifer t at can be depended 

upon generally to yield moderate to large quantities of water . Meinzer 

(1915, p. 67) reports that in the vicinity of Alamogordo three distinct 

sand and gr vel strata are recognized locally, but that available well 

logs do not show these strata to occur at the same horizon in different 

areas, or that they are everywhere present. The normal characteristics 

of alluvial fan deposits are such that continuity of individual beds is 

not to be expected, and correlation of an individual bed from well to 

well over a broad area is virt~lly impossible. Because of the 

disconti uity of the individual water-bearing beds in tl1e vicinity of 
i$ cflff,·c~+ +o e_verirJ 14e JepfJ, fo 

Alamogordo it~ ~;ug,ot D~ :aaie with any degree of certainty;\~ a particular 

water-bearing bede-wi1l. De-....e:aQeWlterea a. a stated: EiciJ~ 

The younger alluvium is composed of rock debris carried out of the 

mountains by the present streams and deposited over the older alluvium. 

This recently deposited debris is so ewhat coarser grained than the older 

alluvium and locally is very coarse grained. The debris was deposited 

in beds that fan outward in the valley from the mouths of the various 

canyons. The deposits in these alluvial fans are generally coarsest and 

thickest near the mouths of the canyons, becoming finer grained and 

thinner toward the valley floor. The fan deposits are composed of clay, 

silt, sand, and gravel, generally poorly sorted but locally occurring 

in well defined beds. The gravel beds are co;; only composed of limestone 

and are close to the mountains. The sand beds are generally fine to very 

fine, the quartz grains composing the beds having been derived by 

weatherin of sand and silt beds of the Abo and Yeso, and other formations 
IHhich C..'/()f_ ~u.f 

A in t.ue mountains. 
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The younger alluvium is much thinner generally than the older 

alluvium. Boocl (1957 1 p. 48) reporta that 100 to 250 teet ot tan 

material resta upon the eroded aurtace ot the older till in the Boles 

well tield, and tbat veat ot the Boles field the thickneaa ia 50 teet 

or leas. Meeks (19501 p. 12) reporta that it ia generally considered 

uaeleaa to drill a well below 250 teet in the vicinity of Tularosa 1 

implying tbat below tbat cJ.pth only the older alluriua would be 

encountered. The los ot Southern Paeitic well 1,.9.14."<> at Temporal 

• inclicatea the younger alluviua there ia about 1911- teet thick. The log 

ot the Challpion veU 14.10.19.240 (Meeka, 19501 p. 26) at Tularosa ahows 
ne.~..-

younger alluvial depotita to be at leaat 250 teet th1ck"at •B••t•rtel.ic 

the mouth ot Tularoaa Creek. Between Tularo• and Alallogor4o, about 

""'' 1~2 mile a veat ot the aountain tront, in vell 15.10.7.400 (Meeks, 19501 

p. 26) the younger alluvium extends to a depth ot at l•at 22lt- teet, 

the bottoa ot the well. 

It aeaa sate to aaaume that in the area beins cona14ere41 traa 

• Temporal aouth to Valaont, the JOUDPr alluvium along the mountain tront 

ia not •uch aore than 250 teet thick, aDd that it thlna veatvarcl to a 

t•thered.ge on the nearly level tloor ot the inner Tularoaa Valley. 
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Nature or Ground-Water Occurrence 

Ground water in the area occurs under both unconfined, or water-table, 

and confine~, or artesian conditions in the older and younger alluvium. 

The water in the upper part of the saturated zone generally is unconfined, 

whereas the water at depth generally is under confinement. According to 

Hood (19571 p. 59) both confined and unconfined water is found in the Boles 

well field area, and commonly both types of quifers have been tapped by 

the same well. How ver, extensive pumping tests indicated that the ~rtesian 

conditions were generally local, because of the irregular and discontinuous 

distribution of the sand beds in the fill, and that following long periods . 
of ground-water withdrawal, water•table conditions prevailed generally. It 

is prob ble that both confined and unconfined water will be found to exist 

in the alluvial fill throughout the area. 

Too little is known of the occurrence of water in the bedrock to state 

whether artesian conditions ar usual or exceptional. Meeks (19501 p. 12) 

suggested the possibility that some artesian pressure might exist in the 

deep aquifer encountered in the Champion well (14.10.19.24o) at Tularosa 

but pointed out that the water level in the well was 156 feet below land 

surface, about the depth to the water table in the younger alluvium. 

(1915, p. 123) cites data for several deep wells near Alamogordo that 

inzer 

suggest that water in some of the deeper water-bearing zones may be under 
artesian pressure, but he states that generally the structure of the 
bedrock underlying the Tularosa valley is unfavorable for producing artesian 
pressures. The bedrock exposed in the Sacramento Mountains on the east side 
of the valley, and the San Andres on the west side of the valley dip away 
from the valley, and are separated from the equivalent beds underlying the 
valley floor by faults having displacements of thousands of feet. Thus, 
there is no hydrologic continuity between the aquifers in the ountain and 
the aquifers underlying the valley fill, and the structure is not favorable 
to the formation of artesian pressures in these older rocks in the valley. 
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Movement of Water 

The general movement of ground water in the area is westward from 

the mountains, a.d southward. Interpretation of the water-table contours, 

as 1 own on plate 8, leads to the conclusion that water moves rapidly 

through the coarse stream deposits laid down westward from the mountains 

by th io Tularosa and Alamo Creek, and moves more slowly through the 

finer- r ined deposits in the inter-stream areas. The coarse deposits act 

as dr i s, as indicated by the contours, and receive some water from the 

finer grained deposits of the inter-stream areas, as well as from the 

infiltration of surface water into the coarser deposits underlying the 

strea channels. 

The ground water that moves southwestward through the area ultimately 

reache the inner valley of the Tularosa basin. The water-table gradient 

there is slight, 5 to 10 feet per mile, or less, and the water is presumed 

to move slowly southward. 

Depth to ater 

The depth to water 1n the area ranges from more than 200 feet near the 

mountains to 10 feet or less at the western edge of the area. A depth-to­

water map based on recent data is included in this report as plate 7. 

In the vicinity of Alamogordo the depth to water in wells ranges from 

a littl less than 25 feet in wells li miles west of town to 75 f et in 

wells in town, and to 210 feet in wells about 2 miles north and southeast 

of town. The depth to water near Tularosa ranges from 45 feet 3 miles west 

of town to 245 feet at the mouth of the canyon of Rio Tularosa 1 one-half' 

mile northeast ot town. In the town of Tularosa, the range is from slightly 

less than 125 to a little more than 200 feet. 
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Quality of Water 

Although ground water generally can be obtained in moderate to large 

. quantities in much of the area, obtaining water of good quality is a 

problclli. In general, the ground water of the region in all the aquifers 

is highly mineralized, particularly with calcium bicarbonate, sodium 

chloride (co on salt), and calcium sulfate (gypsum). Calcium sulfate 

occurs in the ground water in quantities sufficient to render the water 

unfit for human or livestock use. Unusually large concentrations of aodium 

chloride and calcium and magnesium bicarbonate occur also and generally 

render the water unfit for agricultural use, and for use by humans and . 
livestock. For some industrial purposes the highly mineralized water may 

prove satisfactory in spite of the high mineral content. 

ln local areas, as in the vicinity of the Boles well field south of 

Alamo ordo, nd in the area southwest or La Luz (pl. 9), water of potable 

to ear potable quality can be found. Such occurrences are the result of 

a c bination of factors involving both geology and hydrology. The mineral 

matt r in the water is derived from the minerals dissolved from the rocks 

with which the water come in contact. The mineral content of the valley 

fill near t e mountain front depa~ds largely upon the source rocks from 

which it was derived. In the larger fans, at the mouths of streams having 

larg drainage basins that reach back to areas where the Yeso formation 1 

expo~ed, the fill contains larger amounts of gypsiferous material than do 

smaller fans at the mouths of canyons that drain only areas having limeston 
and similar rocks exposed. Ground water in the larger fans in the area 
thus generally has a higher concentration of sulfate than does water in the 
smaller tans. This relation is clearly shown by the configuration of the 
lines howing equal concentration of sulfate 1n ground water on plate 9. 
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The general quality of ground water and its suitability for human use can 

be judged on the basis of the sulfate content of the water. Although the term 

potable, as used in this report, refers to water containing less than 250 ppm 

of sulfate or chloride, water iztniag--o stthate eenten:I:-Cl"C-lcos t~'lfil'i 30G :J'?P'3 

_r;-; uaaslly cou'"ic;.'!orc d-. snUnbJ'"' fGl'" eeatiswe~s aO!fleetis 1:me.. )'(ater containing 

sulfate in concentrations as high as 500 ppm may be used if nothing better is 

available; however, such concentrations may cause physiological effects. 

Practically no ground vmter in the vicinity of Tularosa is of good quality, 

and only local areas have ground water that can be classed as fair. Meeks (1950 1 

p. 22 and pl 3), usin~ U. b. Department of Agriculture standards of water 

quality for irrigation, has shown on the basis of total dissolved solids the 

general distribution of water of poor, fair, and good quality in the area. To 

a degree this distribution holds also for water of quality suitable lor human 

consumption. It may be stated that generally the ground water becomes more 

highly mineralized with increasing distance from the mountain front, for 

example -- water from well 16.10.5.)42, northeast of Alamogordo, has a specific 

conductance (indicative of the amount of ...,.....,..,,.,... dissolved solids) of 1,750 

micromhos, water from well 17.9.5.122, west of Alamogordo, has a specific con­

ductance of 5,010 micromhos, and water from well 17.8.1).)11, on Hollom nAir 

Force Base, has a specific conductance of 61,700 micromhos (Rood, 1957, p. 98). 

~tis relation also occurs in the vicinity of Tularosa (pl. 9). 
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In the vicinity of the Boles well field (pl. 10) the quality of 

ground water differs vertically as well as laterally and, with respect 

to quality of water, two distinct water-bearing zones in the you~r 

alluvium can be differentiated--a deep, thick zone containing water of 

generally potable quality and a shallow, thin zone containing water of 

generally inferior quality (Hood, 1957, p. 101}. Meinzer (1915, p. 133) 

noted a similar relation in the younger alluvium in the vicinity of 

Tularosa and in the area between Tularosa and Alamogordo, but stated that 

-~ generally the differences in quality between the shallow water and the 

deeper water in the younger alluvial fill at any particular location were 

not great. 

It is probable, however, that water from the deeper part of the 

older alluvium is generally of poor quality. Meinzer (1951, p. 133) stated 

that water from a depth of 890-1,200 feet in a deep well near Dog Canyon 

(south of the Boles well field) was reported to be salty. Presumably 

this well tapped the lower part of older alluvial fill, and did not 

penetrate to the bedrock. 

Water from the bedrock underlying the valley fill is believed to 

be generally highly mineralized. A sample of water from well 18.8.5.431, 

about 6 miles southwest of Holloman Air Force Base, which probably taps 

the Yeso formation, contained about 8,4o0 ppm ~gt~ dissolved solids, about 

3,000 ppm sulfate, about 2,500 ppm chloride, and had about 2,6oo ppm 

calcium carbonate hardness {Hood, 1957, p. 389). 
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Present Dev lopaent 

Ranches and farms throughout the area depend almost entirely on ground 

water for their domestic and livestock needs. Some ground water is developed 

for irri ation purposes, and the amount is increasing. Many home owners 

in Tularosa maintain domestic wells to suppl~ ent the municipal supply of 

water obtained from Rio Tularosa, which is fed by springs. Prior to 1947, 

Alamogordo and the Holloman Air Force Base obtained all th~ir domestic water 

from a common source in springs in the mountains east of the city. Supplies 

of ground water were developed in about 1947 to supplement the drought-shortened 

supply of surface water and to meet the increasing needs of the air base and 

city. By the spring of 195'7 the Boles well field was the principal source 

rather than a supplementary source of water for Hollonan Air Force Base, and 

Alamogordo was obtaining about 15 to 20 percent of its municipal water supply 

from wells. An additional supply of surface and ground ter was de 

available to the city and air base in 1957 when a pipeline was completed to 

bring water from Bonito and Nogal Lakes and from wells at Carrizozo. It is 

estimated by Hood (1957, p. 76) that about 31 100 acre-feet of water was 

pumped from the Boles well field in the period 1947-1955, of which 60 percent 

was pumped in the last 3 years of that period. 

Irrigation wells in the Tularosa-Alamogordo area have been utilized since 

early in the 20th Century; Meinzer's (1915) investigation was prompted by the 

interest shown in developing wells for irrigation water ~nd reference is rr~de 

(Meinzer, 1915, p. '210) to the installation of irrigation wells as early as 
1911-12. It would be impossible to detercine with any degree of accuracy how 
ouch wround water has been pumped for irrigation since development first begar, 
but it was esti.M.ted that 3,000 a.~res of land >m.s irrigated in 1955 with ground 
water alone, 1,000 acres wa~ irrigated using both ground water and surface 
water, and a total of about 10,000 acre-feet of vater -was pumped. This water 
was supplied b;y an estimated 100 wells. 
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The capacity of individual wells dit:f'ers greatly in the area -- Meeks 

(19501 p. 15) reports that yields of irrigation wells ranged trom about 150 

to about 700 gpn in the Tularosa area, w1 th the average being about 50 gpm. 

In the vicinity of Alamogordo the range in yield ot tive irrigation wells 

reportedly was tram 100 to 1 1 200 gpn1 w1 th the average being 570 gpm.. Specific 

capac! ties or wells range fran 4 to 30 gallons per minute per foot of d.rawdown. 

The Alamogordo No. 1 well (17 .9.,5.242) reportedly produces about l,oBo mm 

and has a specific ca:pa.ci ty of about 16. Yields of wells in the Boles well 

• field range fran 95 gpm to 395 gpm1 and specific capac! ties, after 12 hours 

of ptunping, range fran about 1 to 12. The average capac! ty ot ten operating 

wells in the Boles well field during 1955 was about 220 gpn. Wells close to 

one another in many instances have greatly differing specific capacities, a 

relation commonly found throughout the area, indicating that the yield ot a 

planned well cannot be predicted with any certaint;e ef aee\tl'&9iY• 

The depth to water at a.ny particular point in the area can be determined 

approxinately1 but only test drilling can determine if' one, several, or no 

• highly productive water-bearing strata will be encountered. It might be that 

only sediments of low penneabili ty would be encountered below the water table 1 

and a well completed in them would have a lov yield. The heterogeneity of 

the alluvium requires that test drilling be done to determine the probable 

yield, quality of water available, and the depth to which a production well 

should be drilled at a given location. 

The depth of most ot the irrigation and public supply wells in the area 

is less tban 300 feet. The depths ot wells and test holes in the Boles we:.l 

field range tram 162 to }86 feet, with the average depth ot production vella 

being about 250 teet {Hood, 19571 table 17). 
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In the Tularoaa area, Meeks (19501 p. 12) has stated there is little 

to be gained by drilling below a depth of 250 feet for irrigation water. 

Pres~~ably large quantities of 'tater might be developed in the bedrock at 

a depth of about 11 000 feet, but the water most likely would be of poor 

quality, suitable only for limited industrial use. 

Along the western margin of the area, from north of Tularosa to south 

of the air base, wells are commonly less than 100 feet deep, as a consequence 

of the shallower depths to water. Virtually no large capacity wells have been 

~ developed in the western part of the area, however, because of the almost 

universally poor quality of the water. 

Potential Supplies 

It may be stated with same certainty that large quantities of 'reter 

can be obtained from the younger alluvium at most places in the area, and 

from the bedrock underlying the valley fill, but tl~t Denerally the water 

will be higruy mineralized and commonly unfit for domestic, stock, or 

agricultural use. Water of good to fair quality, suitable for most of these 

needs, can be obtained in certain localized areas. The most important of 

these, and the area concerning which most is known, is in the vicinity of the 

Boles well field. 
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According to Hood (1957, p . 192) approximately 25 square miles is 

underl-in by ground water having 500 ppm or less of sulfate, of which about 

20 square miles is in the yj,c~n1-ty of the Boles well field; underlying 

approxir..ately 10 square lll;f.ies, of lthich the Boles well field is a part, 

there is about 1301 000 acre-feet (42, 000 million gallons) of water having 

less tba.n 300 ppm of sulfate available for pumpin0 • However, uot all this 

water can be pumped without drawing saline water into the pumped area . Re-

char e to the area amounts to about 700 acre-feet ~1nually (Hood, p . 

It would seem reasonable to presume on the basis of data .resently available 

e t t c..idi tional develop ... ent of ground ua.t~.:::r can be made . n the eneral 

vicinit of t. e Boles rell fie:c. , ~nd particularly il. the ear;t~;:.cn rt of 

sees . 18 nd 19, T. 17 v., ~ . 10 E., nd in tpe. eastern t of ecs . 25 and 

36, T. 17 S., • 9 E. {Houd1 l9571 p . 160) . 

The ta (pl. 9) sholTing the qual'ty of wat r from selected wells and 

spri gs indicate that water of inferior quality (300-500 ppo of sulfat e) 

can be found in a limited area northweot of Alamogordo, for th~ most rt 

in sees. 2, 3, 4, 12, and 13, , T. 16 &., R. 9 .k.J • nalyse .... of ·Hater from 

wells in the iwweuiate vicinity of Tularosa indi~ate that virtually all 

grou.1d water ia that area co .. 1tains sulfate in quantities undesirable for 

domestic use. 

SUrface Water 

Presumably all perennial supplies of surface water in the region have 

been appropriated and no additional water is available for domest ic or 

industrial use unless other irrigation right s are purchased . The quality 
of su~face ;raters of the area and the fea ibility of .~rchasing local surface­
water rights should be investigated if it is determined that adequat e supplies 
of wat-~ are not otherwise available . The recent (1957) aquisition ~nd im­
portation of supplies of surface and cround water fro._ out.,ide the area 
-- f:o •.• Bonito Lake nd frot .• vTells c.l.t Ca::.~rizozo -- may p:ceclude the necessity 

of obtaining local surface-water rights in the foreseeable future . 
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The water-table contour map (pl. 8) can be utilized, in conjunction 

with the map showing the sulfate content of water (pl. 9), in selecting 

areas to test for water. The steepness of the ater table gradient bears 

a relation to the transmissibility of the aquifer, in that a steep water 

table indicates a low permeability; hence, the potential yield of wells 

in the aquifer may be indicated by the slope of the water table. This ~ 

relation is illustrated by the capacity of wells near Tularosa and the 

Boles well field. 

In the vicinity of the Boles well field the water table gradient is 

bout 25 to 50 feet per mile and the average yield of the wells is about 

200 gpm (Hood, 1957). The gradient in the area west of Tularosa, where 

irrigation wells are in use, is between 10 and 25 feet per mile and the 

average yield of the wells is about 445 gpm (Meeks, 1950 1 p. 15). 

If it is determined that large quantities of impotable water can be 

used for nondomestic needs, thus effecting an appreciable saving of potable 

water, the feasibility of developing such supplies should be investigat d. 

Water containing high concentrations of sulfate and relatively normal 

quantities of other minerals can generally be used without harmful effects 

for irrigation of lawns, trees, and shrubs, for sanitary facilities, and 

for swimming pools and other recreational facilities. 
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AREA SOUTHEAST OF VAL\10NT AND NORTH OF OROGRANDE PIPELINE, 
OTERO COUNTY, NEW MEXICO 

By 

E. H. Herrick 

An area about 12 miles south of the Boles well field and along the 

east side of Tular,osa Basin, southeast of Valraont a-~d north of the 

Pr.oGrande pipeline~ bas been suggested as a possible source of potable 

ground 1-m.ter . The: area comprises about 150 square rrtiles adjacent "fto 

the Sacramento Mountains and northeast of the Jarilla 4ountains , in ~qe 

central part of Otero Coun·ty 1 New Mexico • (See pl. u. ) 

Topography and Drainage 

Tne land surface in the basin part of the area slopes generally 

westward from the mountains llith a. gradient decreasing from about 100 

feet per mile near the mountains . In the western part of tbe area, in 

the vicinity of u. S . Highway 54, the land surface is regionally almost 

flat but is broken by numerous sand dunes and shallow depresDions . The 

Sacramento Mountains escarpment is very pronounced in the northeastern 

part of the area., in places rising more than 1 1 000 feet above the basin 

floor. In the southeastern part of the area, south of Grapevine Canyon, 
the mountain front is less pronounced, and there are numerous low foothills 
southeast of the Orogrande pipeline. 

~ne escarpment is cut by numerous large canyons , at the mout hs of 
>-rhich pronounced alluvial fans have developed . A particularly broad fan 
has developed beyond the mouth of Gr~pevine Canyon . There are no perennial 
streams in the area., with the exception of a small flow that issues from 
small springs at and near the floor of Dog Canyon. Several arroyos extend 
fr~n the mouths of the canyons across the alluvial fans to shallow 
depr~ssions in the vestern part of the area. 
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General Geology 

The western part of the Sacramento Mountains in the northeastern 

part of the area shown on plate 11 is composed mainly of Paleozoic 

li estones vdth only minor amounts of clastic rocks. In the southeast ern 

part ofT . 20 s., . 11 E. , are 1 ,.estones, sandston s , .,ilcatones, and 

shales of the Abo and Yeso fo~tions of Permian aQe . 

T.~e bolson fill of the basin is composed mostly of unconsolidated 

gravel, sand, silt, and clay derived from the consolidated rocks of t he 

mountains . In general , it can be expected that the bolson fill near the 

mountains is heterogeneous and contains numerous boulders . In the western 

part of the map area, the fill is probably fairly well sorted but probably 

contains a large ~roportion of silt and clay. The thickness of the bolson 

fill is not known . An oil test hole in the N\-1/:- sec . 15, T. 20 S . 1 R. 9 E., 

apparently encountered the base of the fill at a depth of about 470 feet . 

It is probable that the base of the fill is somewhat deeper than this in 

the northern and central _ rts of the area shown on the map . 
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General Occurrence of Ground Water 

Ground water in the bolson fill moves southwestward and westward from 

the mountains toward the lower part of the basin, as indicated by the water• 

table contours on plate 11. The water-table gradient apparently ranges 

from about 25 feet per mile in the southeastern part otT. 19 s., R. 9 E., 

to about 50 teet per mile in the southwestern part otT. 18 S., R. 10 E. 

Data are not available with which to determine the configuration ot the 

water table in the southern part ofT. 19 s., R. 10 E., and in T. 20 s., 

R. 10 E. It is probable that the ground water in these areas is moving 

westward at gradients of 25 to 30 feet per mile. The depth to water in 

the bolson fill in the area shown on plate 11 ranges :from less than 30 

feet in the northwestern part of the area, in the vicinity of Valmont, to 

at least 200 feet in the southern part ofT. 19 s., and the northern pert 

of T. 20 S. , Rs. 9 and 10 E. 

The shapes o:r the water-table contours and the lines showing the 

approximate sulfate content of the ground water indicate that the water 

being recharged to the bolson fill in Ts. 19 and 20 s., R. 10 E. from 

Grapevin~ Canyon and other nearby canyons is not highly mineralized. 

Although data are not available with whiCh to determine the exact position 

of the lines showing the sulfate content in the central and southern parts 

of the map area, it appears that most of the ground water under Ts. 19 and 

20 s., R. 10 E. contains less than 500 ppm sulfate. Much of the ground 

water underlying those townships probably contains less than 300 ppm 

sulfate and only minor amounts of chloride. However, within this area 

practically no subsurface information is available. 
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It should be emphasized that the contours on the ~ater table, and 

lines sho~ing depth to ~ater and sulfate content of the water on plate 11 

have been dra~n on the basis of very little data, but it is believed that 

the map presents the general ground-water conditions . 

Suggested Additional Stusx 

In order to d lineate the boundary between potable and impotable 

ground 1ater ore precisely and to determine the nature of the bolson fill 

aquifer and to what extent the potable water can be developed, it appears 

~ , advisable to drill approxi tely 8 to 10 test holes in the area . These 

test holes should be designed to furnish as much information as possible 

regarding the occurrence of the ground water . Some test holes should be 

in the vicinity of the range line between Rs . 9 and 10 E. in Ts . 19 and 

20 S., primarily to determine the position of the contact between potable 

and impotable ground water . Others should be in the northwestern part of 

T. 20 S., and in the southwestern part ofT. 19 s . , R. 10 E . , to determine 

the ture of the bolson fill and the quality of the ground water . It 

might be possible to so design the test holes that they could be develop d 

into production wells if a satisfactory water supply is indicated. 

It would be desirable al o to do some reconnaissance geologic mapping 

along the escarpment and in the southeastern part of the area shown on 

plate 11 . This would aid in an interpretation of the dr.ill cuttings from 

test holes and would permit a more complete and accurate analysis of 

ground-water conditions in the area . 
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The n Andres formation, consisting inly of medium bedded 

limestone, in part dolo itic, probably is about 500 feet thick in the 

upper Sacra ento River ar The limestones form the crest of the 

S cramento Mountains and the higher parts of the ea tern slopes. 

Several deposits of c lear ous tufa of Quaternary age occur in the 

Sacramento River canyon d apparently are partly responsible for the 

formation of the cienagas . Th tufa deposits, altho gh somewhat porous, 

act as dams at the lower ends of the cienagas and are probably as much 

as 30 feet thick in some places . Behind the lower ends of the cienagas, 

tufs and unconsolidat d .fill ha e been deposited in the in parts of 

the ciena s . The thickness of these d posits is not known but probably 

does not exceed 50 ~eet in most places, and may be consi derably less 

in many places . In the steeper, more narrow p rts of the canyon, the 

fill is generally coarse, consisting of a large percentage of ravel 

and boulders, and probably is relatively thin, possibly less than 25 

feet in most places . 
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General Occurrence of Water 

Ground water in the Sacramento River canyon area is under water-table 

conditions, mainly in the upper part of the Yeso formation . The depth 

to water in the wells in sec . 34, T. 17 s., R. 11 E., which furnish water 

to the installation at Sacramento Peak, is about 200 feet . In many 

places in the Sacramento River canyon in T. 18 s., Ra . 11 and 12 E. , the 

round water discharges through springs . (See pl . 12. ) The depth to 

water in well 19.12.15.144, at the Circle Cross Ranch, is about 170 feet . 

The ~ells in sec. 34, T. 17 s ., R. 11 E., are reported to yield 50 gpm . 

Well 19.12 .15 .144 is ~ot equipped with a pump, and the yield of the well 

is not known . The Yeso formation throughout this area of the Sacramento 

ountains probably contains saturated zones, and it is probably that wells 

drilled in most of the upper part of the Sacramento River canyon generally 

can be expected to yield at least 50 gpm and possibly as much as 100 gpm . 

The development of wells a short distance upstream from the .spring areas 

probably would cause the yields of the springs to decline very rapidly . 

Much of the ground water in the Yeso formation in this area moves 

underground to the southeast out of the area, but, as mentioned above, 

some is discharg d by springs into th cien ga areas of the canyon . The 

yields of the three principal springs have been estimated by Mourant 

(March 1957) to be as follows: spring 18.11.11.422, 200 gpm; spring 

18.12.30.141, 23 ~n; spring 18.12 . 30 . 412, 12 gpm. The concentration of 
total solids in water samples collected from those springs in December 
1956 ranged from about 300 to about 400 ppm. None of the water contained 
objectionable quantities o:f any dissolved mineral~ although the water '~as 
moderately hard (200 to 350 ppm hardness as CaC03J. 
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Sugze t d dditional StuSl 

The South rn Pacific Railroad report dly plan to ell t cramento 

River-Orogrande w ter sy t , which r presents l~ited but 

apparently dependable sourc of potable w ter . ourant ( rch 1957) 

concluded t t, by imprpving t w ter-coll ction yst at th ci nagas, 

t e quantity ot t r delivered to th Orogrande pi elin c n b 

increased fr 250 to bout 500 gp • ourant's report contain d sev ral 

sug stions for determining how uch water 1 available fr springs in 

the cie o the upper cram nto Riv r c nyon . 

It would b advi ble first to det rmine ho uc ter is moving 

down the c nyon as underflow in th canyon fill . t st hol s 

should b drilled through the c nyon fill to bedrock n the era ento 

River canyon below it junction with Scott Abel Canyon in sec. 

29, • 18 S. , R. 12 If wat r 1~ encountered in the c nyon fill, one 

hole should be test pumped and the ff ct of p ing on the ter lev l 

in at 1 st one other hole should b c refully observed. The third 

hole should be approxim tely 0 . 5 ile up the canyon from th p p d 

hole to provide t on th dient of th water ta le . These 

will permit stimate of th mount of w ter oving down th nyon 

as underflow through the c nyon fill . It is possible, of cour , that 

elow the cienaga wat r ov s into erme ble bedrock. veral te t 

holes should drill d to bedrock in each of the ci nag are s 

downst1e rom th princi 1 rings . These hould be c ed to p rmit 

obs rvations of th 

- 4 



• 

• 

The principal springs of tLe cienagas should then be tightly boxed 

in at their discharge points, and the water should be diverted into the 

pipeline at those points. Following this improvement to the collection 

system, the water levels in the test holes below the springs should be 

observed for a period of several weeks. If, after the springs are 

developed and the water diverted directly into the pipeline, the water 

levels in the teat holes in the cienaga decline appreciably, discharge or 

leakage from the cienaga must exceed any recharge that may be contributed 

by additional, undeveloped springs, if they exist. If, however, the 

water levels in the test holes do not decline appreciably, springs in 

addition to the principal springs must discharge appreciable quantities 

of water, and it might be feasible to build galleries in the main parts 

of the cienaga in addition to a catchment at the principal spring area. 

Some water may be leaking through the tuf'a deposits at the lower 

ends ot the cienagas. It should be possible to determine if there is 

leakage by drilling holes through the canyon fill immediately downstream 

from the tufa deposits. If it is found that a considerable quantity of 

water is leaking from the cienaga either through or below the tute. 

deposits, it may be feasible to construct tight dams to bedrock upstream 

and directly behind the tufa deposits. Thus 1 additional water could be 

salvaged by diverting it to the pipeline at the lower ends of the cienagas. 

Several conditions are possible, as suggested above, and only a more 

detailed stu~ will reveal how much additional water can be diverted to 

the pipeline. However 1 the data presently available indicate that the 

quantity of water diverted to the pipeline apparently can at least be 

doubled. 
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HUECO PLATEAU AREA, OTE!RO COUNTY 1 NEW HEXICO 

By 

J. R. Rapp 

Most of the area discu sed : this ection of the re1ort occupies 

part of an eastward-slopin _.;llateau in southeastern Oter" County, Ne•.r 

Mexico tha her~in is called he Bu~co Plateau (pl. 13). The Hueco 

Plateau · s bounded 011 th souc!.Mest by the Hueco Mountains, on the '1est 

by a. scarp tba.t tw. ks the east rn :n.rgin of the Tul rosa Basin-Hueco 

Bolson lowland., on the north and northeast by the Sacramento Mountains, 

and on thee t .and southeasv by ~~lt Ba~in (pl. 1). Southward, the 

Hueco Plate u is m re-or-less continuous with the Diablo Plateau in 

Texas. 

Previou-:~, little data on the occurr~nce of groun- water in this 

area hav ..... bo;;;en ava'lable. During this particular investiga. ion, 

ap roximat ly five ys were spent in the ficl , ~inly to collect data 

on representative wells an to collect ~ter samples for che 'cal analyses. 

Topography and Draina ·e 

Foothills of the Sacramento ount~ins comprise the northern and 
northeastern part of the area. The :::'llgt;ed, oteep-sided Cornudas Mountains 
consist of several isolated p ..... aks and occupy t~~ south-central rv. On 
the west the area is bounde largely by a scarJ which slopes , in places 
very steeply, westward toward tr~ lowland. The central part is occupied 
by the eastward-sloping plateau. ~~e western part of the plateau is 
quite hilly, but eastwar the land surface ..,~ilerall:· becc:r eJ ::1ore subdued.. 
The centr~l and southeastern part of the plateau consists of three basins 
that are separated by relat1vely lo1, gently rolling hills. ~~e lower 
parts of these basins are ~haracterized by flats and la as . The hills 
boundin0 the ?la.yas apparen~ly reflect local flexures of th~ underlying 
limestone beds. 
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There are numerous sinks both on the sides and crests of the hills 

and in the valleys suggesting the early stage ir t4e devc:opment of karst 

topo5 raphy. Most of the sinks are in the form of shallow, saucer-shaped, 

close depressions that are of small areal extent; however , there are 

S(;:Veral colJ.apse and fracture features. The sink in sec. ,..~2 , T. 23 S., 
R. 15 E . is about 40 feet deep in the lowest part and about 150 yards 

long by about 100 yards wide • Except for slump and toppled blocks, the 

walls of the sink are nearly vertical . There are fractures on the floor 

of he C"!in , and near it_s walls tb.er~ are several vertical _pipes , one of 

whi h is about 3 feet in diar eter a 1 about 15 feet d~;:ep. At the 15-foot 

depth WP~t appears co be the floor of a fissur cave extends laterally 

out of sight from the top of the pipe . Several otP~r collapse features 

were reported in the area and re shown on plate 1) . Th re is a system 

of rallel fractures in sees. 21, 27, 28, and 34, r. 23 .. ' • 15 ...... . 

Although the vystem extends for a distance of about 1! miles, the 

individual fractures are less than 100 feet long and as much as five feet 

wide and 20 feet deep . Locally, the frJ.ctures are known .. s "dangerous 

cracks 11 ovling to their size and abruptness. These visible fractures , 

and th"'le that O':!cur at depth throu.:;hout I ont of t:-1e li.~es to. e beds in 
the area, probably developed primarily as a result of structural movements 
in t:.e ~rea. As the relatively brittle limesto~.e oe s ·_r. <.G or near 
the surface , they lacked the compressive force of overlying beds and, 
therefore, f~actured in res:'onse GO ~ _rping stresses . Wate::::- collected 
in the f:•actures and widened and altered them through solution and 
abr~aion . This has r~sulted in variots degrees of slumpin of thG surface 
taterials to form sinks. Local residents report that during periods of 
heavy ru.'1off they have heard the vater movinc: ·.mderground -chroug the 
fractures . 
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In th_ area all the streams are ephemeral; the Sacramento River 

houever, is perennial in its upper reaches and wat er is diverted by 

pipeline to the town of Orogrande in the lowland to the west . In its 

lower reaches and in the Hueco Plateau area., the Sacramento River is 

d:ry except during storm runoff . The Sacramento Basin is closed, and 

t he Sacramento River channel drains onto the flats in the southeastern 

part of the basin in r. 23 .:; ,, R . 14 Shiloh Draw be ins near the 

rim of the plateau and drains the central :part of the area . This 

draina.c·e basin herein is called the Brmm.field Basin after Brownfield 

Flats , ~rt of which is in the extre £ eastern part of the area in 

Tps . 24 and 25 S ., Rs. 15 and 16 E. where the stream channels merge 

with the flats in the lo~er end of the basin . Bromfield Basin also is 

closed . The t hird closed drainage in the area is the Lee Basin, which 

is of relatively small areal extent . Part of the Cornucopia drainage 

basin occupies t he northeastern part of the area alon"' the foothills 

of the Sacra.."!lent o !-fountains . Cornucopia Draw originates in the mountains 

e. to the north and extends south\lard through the area and then eastward t o 

Crow Flat s . The Cornuda.s Basin, induding the Cornudas Hountains and 

the surrounding highland, is drained by Cornudas Draw. The draw extends 

eastward t hrough the area to Salt Flats to the southeast . 
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General Geology 

Rock~ :-anging in age from Permian to Quaternary crop out in the 

area . The Quaternary deposits are valley fill comprising 3treo.m alluvium, 

slo e ~ sh, talus , . and aeolia. and playa depo~it . The alluvium occurs 

alonv Ghe courses of the ztrc sin the area a1l1 according to reports , 

is as thic' as 100 feet along s e of the .ma.jor strea:J.s . The alluvial 

de c .. .J..t;;; :onsist .;ainly of sand, gravt:;l 1 cobbles , "':.nd boulders in or 

ne r the mounta·n course of the streams; ho~rever , with increasing 

di t nee from the mountain., t:1<.:. d.eposi t3 beconle finer graine' . T'.ae 

th.:..c ss of the aternary de,.osits underlying the playa::: i not known . 

For the most part these deposits probably are fine grained, but, owing 

to heir roxi .ity to the mounta.L1t. 1 'ay contain lenses of sand and 

gravel . Aeolian deposits occur mainly on and around the playas where 

thy form only a thin venee~ . Slope wash mantles the slopes and bases 

of t.e hills as a thin veneer . Talus occurs on the steeper slopes of 

the mou.."'l ains , especially the Cornudas Hountains in the southern part of 

~~ the rea . 

Tertiary rocks in the area n1·e mainly igneous , consist ing of syenite 

porphry an~ trachyie. ~lese rocks crop out in the Cornudas Mountains , 

which are cons icuous to1ographic features . Accordin to King (1949) 1 a 

narrow band of Cretaceous rocks of the Washita group occurs on the west 

side of Wind Mountain . 
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Rocks of Permian age underlie most of t he area . They consist 

mainly of limest one and a t tain a t hickness of more than 2, 000 feet in 

the eastern t of the area. Alon~ the scarp in the ~~stern part of 

t he ar a the Permian rocks comprise the Abo, Yeso, and San Andres 

for~ations in ascending order . ?ne Abo and Yeso forlliations are 

~re 'omina.ntly reddish . T'ne Abo for .. ation consists mainly of sandst one 

an s nle , , h ~eas , the Yeso f'or: ...:..tion consists of gypsiferous shale , 

sandstone , and earthy limestone . The San Andres for;.na.tion is 

pr d lliinan ly limestone that gener lly is light to very dark gray . 

East of the scarp, probably within a distance of 10 1dles, the Yeso 

formation an . the lover pa. t of the San Andres forn:ation grade eastward 

into the Bone Spring Limestone, which is described in the discussion of 

the Cro1 Flats-Dell City area. . In oil test 26 .16 .5 . 410, in the 

southeastern nart of the area. , a thickness of 2 , 170 feet of the Bone 

Spring Limestone was penetrat ed above granite . The eastward extension 

of the Abo fomation is knovm only in part . 
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General O~currence of Ground Water 

In the Hueco Plateau area ~ound water is found mair~y in the Bone 

Spring l~estone of Permian a e . Most of the •~ter is produ·e1 fro~ 

fractu.ces and other perr1eable zones in the limestone. The frac1jurc .... 1 

\vhich a parently originat'-' f ... ·om up\larp.:.ng stresses on t~e li asto.a.e , 

have been enlc rged and altered through solution by ground m.ter. In 

addition to altering the fractures , solution has produced zones of many 

small openinc;s , ~iving he L.mestone a honeycomb stn,.:::tu e i 1 places. 

So.e round water occurs in he valley fill; however , t e valley fill 

generally is abov~ he water able , a.d serves as 

precipi tatioa . Ground >m.ter .r;robably occurs in the coarse alluvial 

deposits along Cornucopia Draw, but additional data a:e needed to 

deter· .ine whether or not the de )OSi t:::; contain a sufficient a.rr.o·,.mt of 

g-round water to be considered fo ... evelo e.t . 

Accor i ~ to reports , the depth to water in the area ran ·es from 

70 to 900 f~et . All the ~ .:.. ter levels shmm. on plate 13 "'Br re orted 

by local ..:es::.dents , as it was not feasible to measure the ;.rells in the 

short time allot eu. for the study . In most wells , Ja'te:;. .:.s contained in 

fract ures and per1ueable zones a t various levels in the liuest one. Often 
a small ' flow11 will be bypa.sse and the vell dee ened to obta.L1 a more 
dependable sur_ly of water from a lower ore permeable zone . For this 
reason the depths to water ih wells differ considerably . (See pl . 13 . ) 
In sec . 19, T . 22 s ., .R . 13 E., the dept h t o wn.ter in one .:ell is 315 
feet and the depth to water in ~ nearby well is 850 feet . Tne shallow 
well did not yield a dependable supply of wat er and >?.as abandoned, but 
the deeper one has proved reliable t:hrout;h lone, use . 
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The main zone of saturation in the area apparently is at a considerable 

depth below land surface. In the central part of the Sacramento Basin the 

reported depth to 'mter is d50 to 900 feet, and in the southeastern part 

of the basin the depth to water is about 500 feet. The depth to water in 

Lee Basin is about 800 feet . In the north-central and southeastern parts 

of the Bro1mfield Basin the reported depth to vater ranges from 550 to 620 

fe t. In the southern part the main zone of saturation is at depths of 

55J to 950 feet . 

T1.1e movement of grouna. water in the area is southeastwr...rd . Recharge 

is from precipitation in the southern part of the Sacramcnl:i"' 11ountains 

and loc lly within the plat.au area. Recha_ge to the ground-<rn.ter 

retervoir iu by infiltration of precipitation throu h the valley fill and 

through t e fractures in the lirnestor.e. Inn .ed.iately north of he Cornudas 

f.ou c.ins round wate.r derived fronlocal precipit tiona parently moves 

northwar& throurh the valley fill into the limestone and then southeastward 

throu h the li. ;tor ~ . 

Che ical ality of Water 

Water samples from 16 uells and springs in the area have been chemically 

analyzed. The wells in the extreme southeastern part of the Sacramento 

Basin and in t e northeastern part of the Brownfield Basin supply potable 
ground ;-at r . ;ell 22 .13.J9.14? i the ,a._r nto :laPin yields ··ater of 
near otable quality. !Yf..ost of the wells in the central and southern part 
of the area yield impotabl -.mtcr . Locally, relatively .shallou ,.,ells 
produce potable to inferior wat~r . llell ~2.16.)2.4441 yields potable 
water, robably fror., the alluvium along Cornuco...,ia Dra·r . 
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Utilization of Ground Water 

The wells in the area are used for domestic and stock purposes. 

s the depth to water in most of the wells exceeds 400 feet, the wells 

are quipped with large pump Jacks and large windmills . ost of the 

wells as presently equipped produce less than 5 spo, but some were 

reported to have been t~sted at rates as high as 20 ) • 

Sug-ested Additional Study 

~1is brief reconnaissance indicates that additional study is needed 

to evaluate the otmd- ~ter resources of the area. Owing to the 

occurrence of potable and inferior ground water in the area, additional 

study should include the followin 

{1) The geolog~ of the area should be studied and n~pped. 

Reconnaissance mappin probably would provide adequate geologic data 

and control. 

(2) A complete inventory of the wells in the area should be made. 

This inventory should be made in the near future while the long-time 

residents are Jt~ll in the area. The inventory should include collecting 

amples of ground water for chemical analysis, measurement of the depth 

to water and the d .... pth of the well where possible , and intervie-.:.-1ing 

landowners or r sidents of the area for information ou the wells. 

Additional data are needed especially in the northern and western part 

of the area. 
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CROW FLATS-DELL CITY AREA, OTERO COUNTY, NEW MEXICO 
AND HUDSPETH COUNTY, TEXAS 

By 

L. J . Bjorklund 

The Crow Flats-Dell City area straddles the New Mexico-Texas stat e 

line about 8o miles east of El Paso , Tex . The area discussed in this 

report is in Otero County, New Mexico , and Hudspeth County, Texas, and 

extends from about 36 miles north of the state line to about 20 miles 

south of the line and is about 20 iles \rlde from east to west . It is 

withln the closed topog~aphic depression known as salt Basin which is 

east of Tularosa Basin and separateu from it by the Hueco Plateau. 

(See fig . 3.) ~ne area is bounded on the ast and northeast by t he 

Brokeoff and Gua1alupe Mountains , on the west and northwest by the 

liffie tone uplands of the Hueco Plateau, and on the south by an arbitrary 

line across he valley about 2 miles south of u. S. Highway 62-180 . 

(See plate 14.) 
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Occurrence ot Ground Vater 

In the Crow Plata-Dell C1 ty area gro\IDd vater oocura in two principsl 

aquifere, the Bone fJ»ring limeatone of Permian age and the valley till or 

alluvium ot Quaternary age. 

Bone Spring Limestone 

The Bone Spa-in& limestone ot Pel'Jidan age is 4e&ar1bed by King (1948, 

p. 13) aa be ins several th®sarid. teet thick and aa consisting almost 

entirely of lim.eatone. · Water occurs in interconnected aolution ahannels 

developed &long jointa and aracka by the dissolving action ot ground 

vater. When these openings are eno()UJ).tered in a well below water level 

they yield large quanti tie a ot water. They may occur ae large oav1 tie a 

or aa a &ane ot numerous ISII&ll cavities forming what ia called "honeyeanb 

limestoae.. by local driller a and well owners. The yield ot water is 

large in either oaae. Solution openinas in the limestone are encountered 

at depths rang1na trom lese than 100 feet to more than 1 1 000 teet and, 

according to reports from drillers, tbe openings are not encountered at 

any particular depth. 

Water moves with such eaae within the interconnected solution channels 

in the Bone Spring limestone tM.t an almost level piezanetric surface is 

maintained. 1\trthermore, the water levela in walla fluctuate largely as 

a unit, as water ie added or reJAOved from the aquif'er. 
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Tne area.underlain by the permeable or productive kart of the Bone 

Sprin limeston is indicated by the unifor water levels mentioned 

above. This area is lar __ and accordin to well records, reaches from 

approximately 16 miles north of the New lexico-Texas S~ate line, in 

the Crow Flats area, to at least 17 miles south of the line, in Texas, 

an is about 15 Liles wide. Thus, it is evident that the highly 

productive aquifer, in g nernl, underlies an area. of at least 500 square 

miles. 

Valley Fill 

The valley fill, or alluviur: of Quaternary e, in the Salt Basi 

is ~posed of boulders, ccbbl~s, ~ravel, sand, silt, and clay, and 

underli s the valley floor to depths ranging fro a feather dge to at 

least 1,620 feet {Scalapino, 195v, p. 5). Alluvium more than 500 feet 

thick was encounter d near the NewMexico-Texas st te line (Bjorklund, 

January 1957, • 11). Tne de~th of alluvium encount red in the drilling 

of .ost irrigation wells, however, ranges fro about 25 feet to 30 

r ~ fe t. Groun water occuLies interstices or voids between the various 

sized particles that co pose the alluvium. 

The piezometric surface formed by water levels in the alluvium, in 

ge era.l, is similar in shape, slope, and altitude to the very flat 
piezo etric surface in the underlyin Bone Sprin limestone because water 
undoubtedly move"' from one aquifer to th- other in many places . On the 
other hand in areas where the alluvium probably· does not lie dir ctly on 
the Bone Spring limt.::stone, such as in Tps. 21, 22, and 23 S., in the 
northern part of the ~row Flats area., the water table in the alluvium 
slopes 3outhward at gradients that probably amount to 10 or more feet to 
th,:.. :mile. 
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Depths to Water 

Water levels in wells in the Crm1 Flats-Dell City area range from 

less than 10 feet below land surface in low-lying areas adjacent to the 

alkali flats to more than 500 feet in the higher areas on and bordering 

the limestone uplands on either side of the valley floor. As the 

piezomet ric surface in most of the area is essentially flat , the depth 

to "~ter is largely a function of the land-surface altitude . Most of 
' ' 

the groVl~d-water levels in the area are at an altitude betrreen ; , 610 

and ) , 615 feet above sea level . In the developed area where large 

quantities of t~ater are pumped for irrigation, the depth ~o water ranges 

from about 20 feet to about 300 feet below land surface . Depths to 

water below land surface are shown in plat e 11~. 

Quality of the Water 

Twenty water samples were collected in the Crow Flats area in New 

fuxico during April 1956 and analyzed for mineral constituents . Hardness 

ranged from 352 to 2, 500 and averaged 1 ,125 ppm . Water from the valley 

fill ranged in hardness from 352 to 2, 500 and avera ed 11 316 ppm, whereas 

water from the Bone Spring limestone ranged from 665 to 11 060 and averaged 

886 ppm . It is apparent , therefore , that the softest and also the hardest 

water is from the valley fill. On the other hand, the -water from the 

Bone Spring limestone in this area is consistently hard with a rather 

moderate range in hardness. 
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Water samples from 20 wells and a spring were collected in the 

vicinity of Dell City, Texas, during 1948 and 1949, and were analyzed 

and the .esults tabulated (Scalapino , 1950, g. 7-38). Total hardness 

ranged fro 766 to 3, 300 and averaged 11 155 ppm. This is slightly 

great r than the average har~~ess of water collected in the row Flat s 

area.. It is believed that the general mineral content of the ground w.ter 

increases fro~ the Crow Flats southward, especially toward Alkali Flats . 

Furthermore, it is believed that t he mineral contertt of the roui1d water 

is increasin~ because of return of water from irrigated lands . 
. 

The water from the Bone Spring limestone , although consistently 

hard and of inferior to impotable quality, is used by most of the 

residents of the area for domestic and livestock use and for the irrigation 

of cotton and alfalfa. The vTater in the alluvium generally is impotable , 

especially in wells situated in low parts of the valley, but it is used 

for irrigation. A few wells in outlying areas derive potable water from 

the alluvium. 

The mineral constituents of ground water in the Crow Flats-Dell City 

area consist chiefly of the bicarbonates, sulfates, and chlorides of 

calcimn, magnesium, and sodium. The total dissolved solids in samples 

collected range from 4oo to 6,850 ppn and average 1, 79 ppm. Detailed 

inforrration derived from the analyses is tabulated in the reports by 

Scalapino (1950) and Bjorklund (January 1957). The sulfate and chloride 

content of water samples from wells are given on plate 14. 
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Development of Ground-Water Resources 

Development of Wells 

The first irrigation wells in the Crow Flats-Dell City &rea were 

drilled near Dell City in 1947; since that ttme the area has developed 

rapidly. In April 1956 approxiwAtely 228 wells were in use to irrigate 

about 32, 000 acres. At that time a considerable amount of new land was 

being cleared for farming, and additional wells were bein, drilled. 

Most of the irrigation wells derive water from the Bone Spring limestone . 

In the Crow Flats area alor.te 1 about 31 000 acres was being irrigated from . 
17 wells, and 6 additional irrigation wells ''ere not being used. 

T11e yield of irrigation wells in the Crow Flats-Dell City area 

ran__,es from about .350 gpm to about 41 000 gp • Bj orldund (January 19571 

p. 16) n.easured a discharge of 3,620 :>m. with a drawdown of 10 feet (a 

specific capacity of 362 gpm per foot of drawdown) in a well deriving 

\later from the Bone Spring limestone. A well in the alluvium had a 

measured discharge of 840 gpm with a drawdown of 40 feet , or a specific 

capacity of 21 pm per foot of drawdown. By far the largest yields and 

th most consistent (but inferior to impotable) quality of water is from 

the l~ estone. 

Declines of Ground-Water Levels 

Water levels in the Bone Spring limestone have been steadily declining 
si ce the development of irrigation began in 1947 in the :row Flats-Dell 
City area . This decline has amounted to about 15 feet in the 9 years of 
record ending \fitb January 1957 and is effective over a large area . 
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In addition to the general decline indicated above, there are 

seasonal fluctuations in water levels . Water levels decline during 

the pumping season and then partly recover between pumping seasons as 

water moves in from adjacent areas and partly fills the depr ssions in 

the piezo~etric surface caused by previous _umpin~ . 

Potential Development 

The natural discharge of ground water from the Bone Spring limestone 

upward through the alluvitun into the Alkali Flats has virtually ceased as 

the piezometric surface in the limestone has declined to an altitude below 

the altitude of the Aikali Flats . It is inferred, therefore, that the 

consULiptive use of water due to irri~ation is greater than the natural 

recharge to the Bone Spring limestone . Inasmuch as about 100, 000 acre-feet 

of hUter has been pumped annually during recent years the natural recharge 

per year is less than that amount. However, there is a large an1ount of 

water in storage that can be developed although the additional water 

supply will be taken from storage. 

A general deterioration of the quality of water in the area is possible 

as water levels continue to decline . The natural direction of movement of 

water toward the Alkali Flats will reverse in same areas, as some water 

will move from the materials underlying the Alkali Flats toward the 

pumped wells. As the water underlying the AltAli Flats and vicinity is 

highly mineralized, this mixing will increase the ineral content of water 

in some wells. The wells closest to the Alkali Flats will be affected 

first. 
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~all to moderate quantities of potable and inferior water can be 

developed in the alluvium in the northern part of the Crow Flats area 

10 miles or more from the Alkali Flats. Depths to water in this part of 

the area are about 150 feet to more than 500 feet. The best possibilities 

for development of wells probably would be along Pinon Creek and Cornucopia 

Draw. 

Studies in the Crow Flats and Dell City areas so far do not indicate 

any aquifers other than the Bone Spring limestone and the alluvium. Some 

e. perched ground-water zones, hmrever, may occur in the San Andres formation 

in the northern part of the Crow Flats area; if so, the quantity of water 

available probably would be small. 

Suggested Addi·tional Study 

ne area northward and westward from the Crm< Flats-Dell City area 

needs additional beolo ic and hydrolo ic study in order to determine more 

accurately the areal extent of the Bone Spring limestone, and especially 

the extent of the permeable part of the limestone. A iva.ter-table contour 

map based on spirit leveling and water levels in wells may indicate the 

boundal~ of the aquifer. Some test drilling to water-bearing zones in 

ar as where no wells exist and in marginal areas may be necessary to 

define boundaries. 

~ne ground water in the Crow Flats and Dell City areas should be 

sampled and analyzed periodically and compared to the published analyses 

(Scalapino, 1950 ru1d Bjorklun~, January 1957) to detect any progressive 

change in quality. 
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soutHERN TULAJ\ 
or o cotJ.HT t 

. 
BASlN - BUBCO BOLSOM AREA, lJOMA ANA AND 

II!XUX>, AMD PA OOUlfl'Y, TEXAa 

y 

J. • Rapp 

'the outhern TularoM Jutn - liUeco olaon at'M occuplea part ot IPl a:• 

tena1ve, north-aouth tr lng, •tructural lowland whiCh on the north ie Called 

the Tularoee. Buin and on the 110\lth the eco leon. 'l'h" topographic 

from Mar the ata • Une in aoutheutern J)on& Ana. County, New Mateo, north-

eaetward throup the Je.rllla JIOUntaina. The report area inelucS • th• extr.-

"tern end of the Tul&roiiA BatJin .ad the north rn p.uot of the eco Boleon 

that u .. north of the :lo rande. (See pl. lB.) on the .,..t the area 1a 

bounded by tbe J'ranklin and Organ Mountaine, end on th• ... t the boundary la 

the mt front ot the JD1 co Mountain $lei the lll.oo Plateeu, an eutwal'd 

1. 13.) The orthern boundary of the area ia the north 11 e ot T. 21 . , 
and the -.ppro mate aouthern boundary 18 the to Grande. The valley of the 

Rio Grande cSoea not terminate the !lleco 8olaon but m relY breaches it, with 

the bol.on eontlnutn a conalderable diatanee aoutbWUd into Mexico. The 

l'eport uo compl"ie about 1 1 750 equuoe miles, ot whiQb abOUt two-thirda 

ltea in eoutbwatern Otero CoUnty, ew lleXico and the nmatnder ia in aouth-

eutern - Ana County, ft eld.QO, end .. ~ty, ,. .... 
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The central and e tern part of the area is underlain by older bolaon 

fill which consists mainly of deposit of fine sand, ilt, and gypsif rous 

clay. As a unit the older bolaon fill has a relatively low permeability. 

Toward the mountains the d posit b com coarser grained with a r ulting I 
!ncr ase in perm ability • The extr e eastern part of the area 1 s und rlain 

by younger bolson fill which has been deposited on th older fill in the 

fo of alluvial fans that origin t at the mouth of canyons o the 

mountain front. N ar tb mountains th se d posits are very coarse and quite 

permeable, but westward fro the ountain front the depoaits progressively 

be e thinner and finer rained and their permeability decreas s accordingly. 

The thiCkness of the bolson deposits ran es fr a feather edge to about 

4,900 feet, the depth of fill reportedly penetrated in a well~ about 2 miles 

south of Newman. Between Davis Dome and the west front of the Hueco ountains, 

th bolson deposits are ore than 700 teet thiCk as evid need by test hole 

26.8.2.131 which bottomed in coarse-grained bolson d posits at a depth of 

705 feet. 

In the central part of the area the depth 1o water ranges from about 240 

feet to about 360 feet. In uch of thi area the water level apparently rises 

several f t ove the d pth at which water is nco ntered. This ndition 

probably results from the water table being in relativ ly impe able material 

which r tricts th yield of water to such an extent that the yi ld in the 

upper part of the zone of s turation is undetected during normal drilling 
and t sting rocedur • hua, when a ore p rme le, atur ted body is 
encountered th higher yield results in th wat r risinc rapidly to the static 
level, giving the impression that the water is under artesian pressure. In 
th astern part of the ar a, near th line of outlyin hill and eastward, 
th depth to water generally is ore than 450 t et. Locally, perch water 

y be encounter at shallow r depths. In well 26.8.23.120 the wat r lev 1 
is 162 feet, in contrast to a nearby w 11, 2 •• 33.120a, in which thew ter 
table is indicated by a ater lev 1 of 453. 
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In the Orosrande-N....an area the IIOY•ent of cround water generally 

ia aouthward with local deflection• cauaed by bedrock outlier• and peraeebilitJ 

difference•. (a .. pl. 16.) T~ hilhly llineraliaed water within the baain 

110vea aouthward into aDd tbroup the area. Local areu, which aene as 

catcbaent areaa tor recbarp f~ preoipitatlon, are aharactert&ed by 

depreaalona and trou.ch• that apparently pierce the caliche lqer ud thua 

perait 1nf1ltratioa of precipitation to the sround-water r .. ervoir. Wella 

and teat holH ia theae ar- where local reohar•e i• effective, ahow a 

thin aone <••••rally 1 ... than 100 f"t thick) of potllltle water overly1q 

the hichly aiaerali&ed water. The u. s. AraJ well at Alvar~o. whic!l ia 

t4l.B feet deep, procluoe• about 20 1PJ1 of water that oontaiaa 310 ppa chloride 

and 310 ppa *tl fate. Thia water. exceeda. the d•ired liai t• of ainerali&ation 

( 250 ppa •ulfate and ~o ppa chloride), al thoup th• water i• uaable aad 

therefore i• olaa•ed .. inferior water. In te•t hole 2t.7.34.411 •ater of 

inferior quality oontaininl 232 ppa ohloride and 317 ppa •alfate ... 

encountered in a soae about 46 fMt thick overlyinl the h1ply aiaeraliaed 

water. Well ~.e.ao.3t3 at the u. s. Any 11\leco JlaD8• Clap ia about 440 

feet deep and prodacea about 280 IP• of water containina 438 ppa chloride 

and 80 ppm aulfate. Dtirina 1951 about 1,710,000 gallou reportedly wu 

pu.ped in a 10-110nth period froa the well at the Bueco Ranae Caap. but water 

fro~~ thta well aad the well at Al.Yarado ie not di'Unk by troopa. 

In Auguat 1857 well 28.6.1.120 waa drilled at JUeco tor irrigation 

purpoaea. The well, which ia about eoo feet deep, reportedlJ had a diaohara• 

ot about 876 IP• duriDI a 24-hour period of teat puapinl• P~1al analJ•i• 

of a water aaaple collected duriRK pu.pia1 showed the water to have a apec1t1o 

ooaduotanoe of 3,780 aicro.hoa aDd to contain about &75 ppa obloride and 

eatiaated di•aolved aolida of 2,900 ppa. 
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In the ... tern part of the ar• p-ound water apparent1J 1• diachar1ed 

eaatward froa the bolaon depoaita into the underlJiDC aolutioo channel• and 

'• 

fractures in the rock• that coapriae the Bueco Mountaina. (&ee water-table 

contour• in the vicinity of the llcOreaor Rance CUtp em plate l:S.) Locally, 

there are perched aonea of potable water (1•• thaa 250 ppa of chloride or 

aulfate) &10111 the weat froat of the IIOWltaina. Well 21.8.33.120 produce• 

water oontainin1 41 ppa chloride and 131 ppa aulfate. Reportedly the yield 

of th1• well ia -.11 and ia depeDdent upon recbarse frc:a water collectiq 

• in a nearby playa. Appareatly auch of the precipitation that fall a on the 

aountaina ia diecharaec:l by evapotranapiration, but ac:.e water peroolatH to 

the water table and then ao••• ... tward into the ~taina. Bowever, dur1DI 

period• of aoderate to heayY runoff, water reaobea the playu when that 

which ia not diaobar1ed throup evapotranapiration percolate• doWDward to 

repleniah the perched aonea of water. 

P4a ADa-El Puo Ar• 

The Doia ADa-Bl Puo Area oc.priaea a relatively D&rrow belt that li .. 

• alone the eut front of the Orpn and FraDklin Mountain• includ1 nc that part 

of F1llaore Pua eut of the divide. The area ia about 3D aile• lona and 

widen• froa about e aile• in the north part to about 11 aile• in the vicinity 

of the Rio Grande. (See pl. lD.) 

Owins to ita proxiai ty to the aountaina, the area ia Wlderla1n by rather 

thi ok bed• of ooarae aaDd and p-avel. Oraai tic rocka are expoaecl in •o•t ot 

the Orcan Mountain• and in conjunction with rhyolite porphyry alon1 lltlch of 
the lower part of the -t froat of the Franklin Mountaiu. AtJ ero•ioD of 
theae rook• wu rapid, weatheriDI waa not cc.plete aDd beda of coarae-srained 
arkoaic aand and araYel were depoaited near tile aountaiu. In te•t hole 
1.11.21.222 a thiCkDeaa of 1,131 f .. t of bolaoD depoait• waa penetrated, with 
individual bed• atta1Dinl a aaxiaua th1Ckn .. • of about 100 feet. 
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The greater d~th• to water in tile area ooour 1lH.l' the principal reohar8• 

areas alon1 the alopea of the IIOQiltaiu aad ill Pillaore Pus. In well 

1.81.28.222, which ia aN.r the Frusklia JloUntaln•. the depth to water ia 

423 feet, and 111 well 25.4.18.241. which 1a on the topOIJ"aphic d1Yide of 

Fillmore P-, the depth to •ter ia 311 t•t. Southward and -tward on 

the •••• the depth to water rape froa about 3&0 to 200 feet with a •arked 

dear ... • 80Utbward throu1h Bl Puo. In tile Rio Or..S• ValleJ. eoutll of 

the •eaa, the depth to water 1a 1••• thaD 50 f .. t. 

Rechar1e to the Doiia Aae-Bl Puo A•• la frca preotpl tat1oa. The 

coar..-srained allu:rial fua that 1••• f..- the IIOWltaiaa, eepec1al1J the 

Or1an IIOWltaiaa, .. ". u oatcllllnt ~ for n«*aqe bJ laf11tratloa. Ia 

l'ill•ore Pua a low powul-water d1ride 11• aft'er&l all• .. at of tile 

toposnPiai c di Yide iadl oatl .. tbat water froa the aouth eDd of the Orpa 

•OUiltaiu diaollar ... botll to the ... t ud w.t. ID the rio1D1tJ Of tl:ae 

priaolpal reoh&Jop ar• the bJdralll1o paad1•t la quite ateep, aver .. iq 

Mout 30 f .. t per aile eutward. Ia the IIAp8ped ar-. &W&J frca the latue 

ana the alope of tlae water aurface la aoutll to aauth-twud with a Yery 

low p-.Slent. There ue two ooaea of dep.--1011 1nd1cat1as heaYlly pWiped 

....- la the YiolDitJ of Bl ._. The DOriherfl cone of depreaalOD 1• on 

the .... aear the well field• of rort 811u aDd the oitJ of Bl Paao. Tbe 

••aa 1• the uplaDd ar• that liH aortll of the Rio Orand• Vall.,. The 

other ooee of depr .. a10D la in tile Yalley of tlle ll1o Grade where 1ar1• 

w1 thdr~ of water 1a aade for 11Wlio1pa1 ead 1nclu.atrial u•••• 

11-1 



hrou hout uch of th area lar pp1ie of potable nter are yi 1ded 

by 1ls. Yi ld of the 1 r er prod ction ells rang to 

more than 1, 500 gpm with peci fie capacities ran n frOl'll abo t .20 o 5 

p r foot. The potab1 ater ocetrs in a tro of irr gul d pth and 

idth ong th front of th ountains. quality of the wa: r and the 

thickne u of t potable w ter sands are extr ly v iabl • In pl c s 

tho potabl ds r quit de -- in 11 1. 1.26.222 h y extend 

to ad pth of ov r 1,200 f t. In well 1.81~14.444, which is about ~miles 

of ell 1. 1.26.222, t r containin 450 pp chlorid 62 pp 

t1fate w obtain d from a depth of 555 f et. Thee local zones of ore 

hi hly in ral zed ater ar ~harply defin and probably in icat ee.s of 

rel tiv ly lo perm ability in which fltehin of th hi ly 1neraliz d 

wat r by pot le ater h b en r tricted. 

ounts of ped by w lls fr bolaon deposita 

n th vicinity of 1 aso. In 19 3 th daily pump fro w lls 

for unicipal, in u rial, d litary was about 27.9 million allon 

ad y of ich about 13,200,000 gallon da,y w plimp from lis on th 

es ( nowl and Kennedy. 1956, p. 20). In addition, an stimat 3 illion 

lons per day p p d for irri at1on on a short dist ce north 
of 1 aso. ccording to Mr. • o. of he water plant at Fort 
lis , the v r daily p pag at ort lias about 2.8 illion d in 

1953 and about 4 million gpd in 1956. The pply in 1 56 obtain fr 
well , hich r g in reported yi ld fr 750 to 1,160 gp • Only in water 

from one w 11 did the chlorid or sulfate cont nt exceed 100 pm, and the 
11 oont n only 107 and 101 pp , r cti ly. ccording 

to r cord , an :ver e of about 1.07 illion gpd wa pump by iggs Air 
orce ase in 1953 and an aver ge of about 0.86 illion gallon day w 

p ped in 1956. The ater was suppli by two lls, t e yi ld of whic 
deer a ed about 20 p rce t over th 3-year p riod. t t e .-- p, 
Mr. Luc r ported that in 1956 th av rage onthly p p g w out 207,000 
gallon • ( o pumpin was reported for pt er, and th r for only th 
pW!lp for t e other 11 mo the was av raged.) Th 11 at Dona a 
r portedly yi lds about 100 gpm of w ter that c tain 47 pp chlorid 
62 ppm sulfate (1956 analyais). 
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Ace rdin to nowl s and enn dy (1 56) abo t 13 . 6 ill! n 

cre-f t of "freshtt ter (w t r cont nin 1 th 2 0 ppllt chloride) 

th oretically is r in th Dona An - 1 so ar a. Thi 

t1 r is based on a saturated thickn of fresh- ater b in 

a rial in c ss of 100 f t. On th ba is of 50- perc n r covery, 

1 t was ated that 30 illion gallons coul b i hdr :wn 

r ort th t 

of 

it 

ars. 

ti ated in th above 

o t 3 . 5 illion cre-f t of "1 ferior' at r ( ter 

contairi!n 250-700 p lorid ) vailable in co olson. 

ow ver , • the te inf rior is us herein (wat r contain ng 

b w e 250 d 500 pp of chlorid or sulf and 1 s than 7 0 ppm 

of both) , th total amount of inferior water in storage in the overall 

r ort pr b ly do not gr atly exce 2 illion cr fee • 
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u ary and 

Oro rand - awman Are 

In the Orogrande- ewman ar a potable water is encount only 

locally. Appar ntly potable water occ rs ainly i scatt r p rched 

zones. Potable water may also occur in pl c s a a relativ ly thin 

zon in the upper part of the zon of saturation as i indio ted on 

electric logs of a few of th test holes. Inferior wat r occurs in 

places in th central and south rn part of the area. ield of w lls 

producing inferior water are not known to exo ed about 250 gp • he 

thickness of inferior-water·sanda probably do s not gr atly c ed 200 

feet. The occurrence of the potable and inferior wat r probably can be 

attributed to local recharge. Electric logs of test hol ical 

analyses of water collected from test holes show that below tho zone of 

inferior at r the mineralization of the water incr as ly with 

depth. In most cases a ixing of the water i indicat d n ar th base 

of the inf rior wat r zon • Therefore, i po le wat r und rli th 

ntire area. 11 26.6.1.220 has a r ported yield of 975 gpm of water 

that is impotable. The intend d use of th wat r is for irri ation. 

In the northeastern part of the area the round water i high in 

sulfat • In the central part the wat r contains about eq ounts of 

sulfat and chloride, but in the w stern, south central, and outhern 

part of the r the ground wat r is high in chloride. 
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Dona Ana- 1 Paso Area 

The nona Ana- Paso are i th only favorable part of the report 

area for th develop ent of lar e supplies of potable ground water. A 

deep trough of potable wat r e nd in a general north-south direction 

alon the east front of the Organ and ran 1 · n Mountains. This belt 

of potable water apparently is wide in the extreme northern part of 

the r , th n it narrows southward to about the State line, south of 

which it ain widens. everal t st holes drill d alon the ountain 

front count red potable -water etrat to a depth of about 1,200 feet. 

rd the pot le-wa r trou 
/1 

thine abruptly, givin way to inferio 

t r, with lenses of potable water extendin into the inferior wat r 

r a and vice ver a. 

L r e amounts ~t potabl water are pu ed fr wells in the 

vi ctni ty of El Pas~. In 1953 estimated 16,200,000 gallons a day 

was pumped fr the wells on the mesa for municipal, industrial, 

military, and irrigation use. ields of the lar er production wells 

range fr .about l,ooo to more than 1,500 gpm with specific capacities 

ranging from about 20 to about 85 ap per foot. 

Borth ~f the Tex - ew llexico State line the ground-wat r upplies 

ar only eli htly developed. Test-hole data, however, indicate that 

lar e vol es of pot le water, which ar c parable t t ose in the 

developed reas south of the t te line, occur in this area. App rently, 

thi potable wat r zon is continuous with th body of potable ground 

water underlying the headquarters ar a at White ands Proving Ground. 
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Knowl s and Kennedy (1956) sti ted that about 13.6 million 

acre-f t of "fresh .. water (less than 250 ppm chloride) theor tically 

is available in the Dona Ana-El P o area. In addition to the Ufreeh" 

water it was eati ated that about 3.5 mill'ion acre-feet of "inferior" 

ater ( -250-700 pp chlor1d ) is available. Of this aJRount about 2 

illion acre-feet is inferior wat r as herein used and t e ot r 1.5 

illion acre-f t is classified as impoteble. 
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The WMtern part of the report ar•, naaely, the DOi1a Ana-n Pa8o ana, 

ia the 1a0at favorable for d"eloping larp .uppliea of potable to inferior 

IP"'Und water. A aonaidenble part of the area in the vicinity of El ._o haa 

been or ia betns dweloped by the c1 ty ud by tbe aa111 tary iutallation8. 

llowfter, nortl& of the d.-..loped wll f1elda, in •• Mexioo, Yery little de-

ftlopment bu tak• place. T..t hol• drilled in thia area durlq the 1953-

1854 t .. t-dr1111DI propwa (Xnowl• and Kennedy, 1918) indicate a &one of 

potable water of conaidenble ext.t parallel to the -t fro11t of the Orpn 

llowltalna. The potable water SOfte i8 1-.diately tmelerlain by i-.potable water, 

and eaatward the material CODtalnins potable water dec..- napidly in thick-

interior quality. 

Plana tor the developaent of larp IIUppliM of IJ'OUftd water from thi• area 

ahould include a preliminary detailed t .. t-drill1ng prosr.. The tHt-drllliq 

propan~ ahould be carried aut u followea 

( 1) The t•t hol• 8hould be canfully located and llp&C4ICI, utilising 
data alrMdy availule in the area • 

( 2) The drillins abould be carefully OU..rved to obtain accurate lop 
ot the hol ... 

(3) Repree•tative IP"QUD.d-water a1111plH ahou.ld be collected tor deter­
mination of the chealcal conetituenta. 

( 4) Electric lop 8hould be obtained upon completion of the drill ins 
of each t .. t hole to better detei'IBine the po8i tion and permea­
bility of aquifere eDd to aid ln •tablillhina the potable wat*l­
interter o:r 1apotable water eontaet, 1 f poalble. 

(5) The t•t hol .. ehauld be cued, cc:aplete with aereae, the plaeiq 
of which ahauld be deteJIID.ined tr011 the ~le and drllllnc 1~, 
the electric log, and the em-teal character of the water encoun­
tered. 

(6) Pwlplq tee-t• ahould be -..de to determine the hydrolocic propert1• 
ot the aquifer. 
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BEA~UARTERS AREA, WRITE SANDS PROVING GROUND, 
OONA ANA COUNTY, NEW MEXICO 

By 

E. H. Herrick 

The headquarters of White Sands Proving Ground is principally in 

sec. 24, T. 22 s., R.4E., in eastern Dona Ana County, about 25 miles 

east of Las Cruces, New Mexico, and about 40 miles north of El Paso, 

Texas. The headquarters area lies within a re-entrant in the mountains 

bordering Tularosa Basin on the west. This re-entrant encompasses an 

area of about 40 square miles and is bounded on the south and southwest 

by the Organ Mountains, on the northwest by the San Augustin Mountains, 

and on the north by the San Andres Mountains, (See pl. 16.) The principal 

wells supplying water to the Proving Ground headquarters are in sec. 13 

and the northern part of sec. 24, T. 22 s., R. 4 E., at the mouth of the 

re-entrant. 

Geology 

The Organ and San Augustin Mountains are composed principally of 

Tertiary intrusive and extrusive rocks. In the northern part of the San 

Augustin ~ountains and in the San Andres Mountains, Paleozoic sedimentary 

rocks overlie Precambrian granite. The north half of the re-entrant is a 

pediment surface developed on a Precambrian basement complex. Several 

prominent hills of Precambrian rock rise above the pediment surface. The 

south half of the re-entrant is underlain by unconsolidated bolson deposits 

which resistivity measurements indicate to be more than 1,500 feet thick 

in places. The general geology of the area is shown on plate 16. 
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The bolson deposits consist of alternating layers of clay and sand 

and some gravel. Most of the layers of sand and gravel penetrated by 

test holes and wells contain some clay, and many of the clays are sandy. 

ell-defined layers of sand generally are less than 20 feet thick. None 

of the test holes and wells have been drilled close enough to each other 

to permit a definite correlation of beds between adjacent holes. It is 

probably tr~t the various beds change cl1aracter or completely pinch out 

within a distance of a few hundred feet. 

In general, the coarsest materi 1 of the bolson deposits occurs near 

the mountains; however, the deposits in that area are poorly sorted and 

therefore probably are relatively impermeable. Beyond the alluvial fans 

and throughout much of the central part of the re-entrant the deposits 

are better sorted but still contain a considerable amount of coarse 

material. East of the access highway, several miles from the mountains, 

the bolson deposits are well-sorted but contain a large amount of fine 

material, including much clay. These deposits are less permeable than 

those in the central part of the re-entrant. Thus, there appears to be 

generally a transition from material having a low permeability near the 

mountains to a zone of most permeable material beyond the alluvial fans 

and finally to fine, relatively less permeable material in the main part 

of Tularosa Basin. 
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Ground Water 

General Occurrence 

The igneous and consolidated sedimentary rocks in the mountaina 

yield small quantities of water to ~rings, and Precambrian granite 

furnishes water to a few stock wells in the northern part ot the 

headquarter• area. However 1 the unconsolidated bolson clepoai ta are the 

principal source of ground water in the area, end the occurrence of 

ground water in these deposita baa been stuclied in sene detail. Because 

the character of the bolaon depoa1 ta •nges markedly vi thin ahort 

distances, the occurrence or ground water-in the cSepoaita also differs. 

considerably in different parts ot the area. 

The direction or slope and the gradient of the water table within 

the re-entrant are shown by means ot contours on plate 16. The contours 

indicate that within that part ot the re-entrant between Antelope Hill 

and the central part or the Organ Mountains the ground water movea 

eastward through the bolaon deposits at a gradient ranging tram about 

450 feet per mile near the mountains to about 50 teet per mile in the 

vicinity or the access highway at the mouth ot the re-entrant. last of 

the re-entrant in the lower part ot Tularoaa Basin the water table slopes 

southeastward ~ovard the Hueco Bolson at an estimated gradient ot less 

than 5 teet per mile. 
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The depth to water within the re-entrant, as shown in rigure 4, 

ranges from a rew reet near the mountains to more than 4oo feet in parts 

of sees. 1 and 12, T. 22 S., R. 4 E. The water table is more than 350 

feet below land surface in most or sec. 12, the southern part of sec. 11 

and parts of sees. 11, 13, and 14, T. 22 s., R. 4 E., and parts of 

sees. 6 and 7, T. 22 S., R. 5 E., north or the well field. It is 

estimated that the depth to water below the playas east of the re-entrant 

+s about 150 feet. 

The total volume of saturated bolson deposits underlying that part 

of the re-entrant west of the access highway is estimated to be about 

4 million acre-reet. If an average porosity of 25 percent is assumed, 

the total qua1.tity of ground water within the re-entrant is approximately 

1 million acre-feet. A large part of this water is not available to 

wells, of course. 

Recharge 

The source of all the ground water in the headquarters area is the 

precipitation that falls within the re-entrant and in the nearby 

mountains, an area of about 40 square miles. It is estimated that the 

averag annual precipitation for the entire area of t~e re-entrant west 

of the access highway probably is about 13 inches. 
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Figure 4.-- Depth to water in feet below land surface in the headquarters area, White Sands Proving Ground, 1954 

(For explof'ofion of geology and weH symbols, see plate 16.) 
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• 

Sayre and Livingaton (194-5, p. 72) assumed that 25 percent or the 

precipitation in the catchment area in and near the Franklin and Organ 

Mountains at the west aide or the Hueco Bolson becanes recharge to the 

ground-water body. The recharge conditions in that area and the re-entrant 

at the headquarters area are similar. Studies in other areas indicate that 

this estimate probably is high tor the headquarters area, but it probably 

is safe to assume that 25 percent represents the maximum amount of 

precipitation that becanes recharge in the area. By using this figure, it 

is computed that the maximum annual recharge to the area ia approximately 

21000 million gallons or 61 500 acre-teet. By caaputing the amount of water 

flowing through a cross section of the aree. 1 the DBXimum annual recharge has 

been estimated to be about 61000 acre-feet. These esttmatea are based upon 

a meage~ amount of data and many assumptions. It is possible that the 

recharge is appreciably less than has been indicated above. 

If the precipitation, specific yield of the aquifer, and pumpage in an 

ax·ea are known, the amount of recharge can be estimated tran a study of 

water-level fluctuations. At this time few conclusions regarding the 

recharge 1n the headquarters area can be drawn traa these data, •• recorda 

of water-level fluctuation• and precipitation cover only a abort period. 

As additional recorda becaae available 1 recharge in the area probably can 

be estimated with greater accuracy. 
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Discharge 

Within the headquarters area the only appreciable discharge ot 

ground water tran the bolson deposita ia by transpiration and, 

artificially, by pumping. Moat ot the ground water ia discharged outside 

the area. 

The total amount: ot ground water pumpecl in tbe headq\arters area 

in 1954 vas about 300 million gallons. Tb1s ia equal to approximB tely 

15 percent ot the estimated maximliD annual recharge to the aquifer. 

• However, water levels in the area are declining and will continue to 

decline, if the present rate ot pumping is maintained, until the water 

table has becane adJusted to the new discharge, and approximate 

equilibrium is again established. This can occur only it recharge is 

increased or di'acharge clecreaaed, or both, in f1l1 81110UDt equal to the 

quantity of water pumped. from vella. There t.• no rejected recharge in 

the area 1 and pumping cannot move back the ground-water di vida to 

appreciably increase the recharge area. The principal natural discharge 

• of ground water tram the bolaon deposita is many miles trom the 

headquarters area and cannot be reduced in the foreseeable future by 

pumping ot vella in the re-entrant. Therefore, it follows that pumping 

in the headquarters area must continue, at least for a long time, to 

remove ground water :t'ra1 atorage. Consequently, water levels in the 

re-entrant will continue to decline. 
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Cheical Q\al1 ty 

All the vella aupplying water to the housing aDd oant0111ent area• 

ot the PrO'f'1ng Oround pro4uce water ot exceptionally goo4 chemical tuali ty. 

Vella 5 and 91 ill aeca. 31 and :52, T. 22 s., R. 5 1. in the old well 

t'1e141 pro4uce •ter containing lese than 200 ppa ot 41aaol ved soli de, 

and the aeven larger vella within the re-entrant produce water containing 

an av-erage CODOeDtration of about 240 ppa ot diaaol ved aol14a. Although the 

deeper water obta1ne4 traa vella 14 an4 15 during drilling vas more highly 

• m1neralize4 than the shallow water, the cleeper water ia ot a chemical 

'uality well within potable limite, at least to a depth of' 1,000 teet. 

• 

The water trca stock and daaleatic vella in the pecliment area north ot 

U. S. Highway 70 and near the mountains vest ot the cantonaent area 

contains greater concentrations ot 41aaol ved minerals than the ground 

water underlying the cantOIIMDt area. However, the cba1cal quality of 

the water ia within potable limits in all reapecta except fiuoride. Water 

fraD vella 21.4.21.2'1 and 21.4.25.232 contained 4.0 ppD fluoride. A 

~le of water collected in March 195' tram well 21.5.15.411 at the 

Small Miaaile Range contained 464 ppa disaol ve4 801148 and l. 6 ppm tluoricle. 
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Eastward from the cantonment area the ground water contains 

increasing amounts of dissolved solids, with the deeper water having 

the higher concentrations. Shallow water from test hole T-~, 2 miles 

east of the access highway, contained only 329 ppm dissolved solids, but 

a water sample obtained from a depth between 956 and 11 003 feet in the same 

test hole contained 7,48o ppm dissolved solids, mostly sodium chloride. 

The electric log of test hole T-~ indic tes that the ground w~ter at that 

site is highly mineralized below a depth of approximately 76o feet. It 

is reported that even the shallow water farther east in the central part 

o Tu rosa Basin is highly miner lized and unfit even for watering stu K • 

. 
C emical analyses of ground water from that area are not vailable. 

It is evident rom the available chemical analyses that the ground 

water moving into the re-entrant from the Organ Mountains south and 

southwest of the headquarters area is the least mineralized of the ground 

w ter in the area. The ground water in the crystalline rocks of tne 

pediment area is considerably more highly mineralized, but most of that 

water moves southeastward to the main part of the basin and therefore 

does not reach the area of the Proving Ground well field. 
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East of the headquarters area the fresh water mixes with highly 

mineralized water oving to the south and southwest through the n~ 

part of Tularbsa Basin. Immediately east of the re-entrant the fresh 

water apparently overrides the highly mineralized water. It is not 

known how far east of the headquarters area the upper water is potable, 

but it is reported to be fresh at least to the vicinity of the playas, 

b ut 4 miles east of the access high ay. It is suspected, ho1-rever, 

that highly mineralized water would be encountered a short distance 

below the ~ater table, if not at the water table, in the area of the 

playas. 

The ground v.ater underlying the lower part of the basin east of 

the headquarters are oves to the south and southeast, and the available 

data indicate that immediately southeast of the headquarters area fresh 

water probably is confined to a relatively narrow belt close to the 

base of the Organ Mountains. 

Utilization 

Prior to the establishment of fuite Sands Proving Ground in 1946 

the only use of ground water in the headquarters area was for watering 

stock and for domestic use at a few ranches. In 1946 ten wells were 

drilled in sees. 31 and 32, T. 22 s., R. 5 E. Records of these wells 

are very incoroplete and, in some cases, nonexistent. However, most of 

the wells a parently produced less than 50 gpm, and most pumped a 

considerable amount of fine sand. .All the uater used at the Proving Ground 

before 1949 w s pumped from wells in this area. 
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ell 10, in the NE4 sec. 24, T. 22 s., R. 4 E., loTs completed and 

equipped in the fall of 1948 and a parently supplied about one-third 

of the water pumped in 1949. Seven wells in sees. 13, 23, and 24, T. 22 S., 

R. 4 E., now supply almost all the water used at the Proving Ground. 

Total pumpage at the Proving Ground in 1954 was about 307 million 

gallons. The total water consumption at the Proving Ground is about 

three times greater during the summer than during the winter. It can 

be safely assumed that the much ~Teater consumption of water in the 

summer is due mainly to irrigation of grass, and, to a less extent, to 

consumption by air conditioners. 

The population of the Proving Ground is increasing, and it is 

estimated that the population will be about 10,000 in a few years. If 

the present trend of per capita water consumption continues, when the 

population reaches 10,000 at least 450 million gallons, or l,hOO acre-feet, 

of water will be used at the Proving Ground annually. The accuracy of 

this estimate depends upon many factors, of course. Unless water use, 

particularly for irrigation, is curtailed to some extent, as it has been 

at times in the past, water consumption may far exceed the above estimate. 

Also, if additi nal large areas are landscaped, water consumption probably 

will exceed this estimate, even if conservative irrigation practices are 

followed. 
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It has been estimated (Herrick, 1955} that the average decline 

of water levels in wells at the Proving Ground in 30 years will be 

about 35 feet . These estimated declines are based on an average 

pwnping rate of 1 million gallons per day and will be proportionately 

greater if the average pumping rate from the well field is higher . 

The greater declin s for equal rates of pumping will occur in the 

lower capacity \>Tells (11, 12, 13, and 14) in the western part of the 

ell field where danger of contamination from saline water is least . 

If pumping is distributed uniformly among the wells, declines of the 

water levels will,be spread throughout the well field and the danger of 

an excessive decline at any one well will be reduced to a minirnun. 

It is possible that highly mineralized water may extend beneath the 

wells at a depth below 1,000 feet, although this is speculative . It has 

b en suggested (Herrick, 1955} that samples of water from the e ster ost 

wells should be analyzed chemically at about 6-month intervals to 

determine if highly mineralized ground water eventually r aches the wells . 

However, it is believed that migration of highly mineralized water to 

the present wells will not be a serious threat in the near futUl·e . 
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Potential Supplies 

The available data indicate that the most permeable bolson deposita 

underlie the eastern part of sec. 1} and the northeastern part of sec. 24, 

T. 22 8. 1 R. 4 E. Mainly on the basis of resistivity data, much ot sees. 

11 and 121 T. 22 s., R. 4 B., also is underlain by relatively permeable 

bolson deposits. The depth to water in these areas (fig. 4) ranges tram 

less than }50 feet in the eastern part ot sec. 1} and the northwester.o 

part of sec. 11 to about 400 feet in the north-central part of sec. 12. 

The thickness of the saturated bolson deposits, as interpreted from 

• resistivity measurements, ranges fran less than 500 teet in the 

southwestern part ot sec. 11 to more than 1,000 feet in the central and 

eastern parts of sec. 121 the eastern part of sec. 1}, and the 

northeastern corner ot sec. 24. 

• 

Drilling and resistivity measurements indicate that the bolson 

deposits differ considerably within short distances. Therefore, not all 

parts ot the area outlined would be equally favorable tor the development 

of wells. The eastern part ot sec. 1} appears to be the most favorable 

location for an additional well, but the chemical quality of the ground 

water at depth Should be carefully determined if additional wells ere 

drillled in that area. The saturated deposits underlying the western 

half ot sec. 11 are relatively thin; therefore, the eastern half of that 

section and sec., 12 probably should be given preference over the western 

half of sec. 11 in future teet drilling. 
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The bolson deposits become increasingly tiner grained and probab~ 

leaa permeable east from the access highw~; also, the danger of encountering 

high~ mineralized water is much greater in that direction. For these 

reasons, it does not appear advisable to attempt the development of 

large-capacity wells for potable water east of the access higbw~. 

The spacing of wells is an economic as well as a ~drologic problem. 

With shorter spacings between wells, lese pipe and other materials are 

required, but interference between wells may increase pumping costs. More 

~ materials are required with greater spacings, but.the possibility of 

interference becomes less. It 11 believed that a spacing between walla ot 

i to ~· mile is adequate tor the headquarters area • 
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WEST-CENTRAL TULAROSA BASIN, DONA ANA, OTERO, AND 
SIERRA COUNTIES, .NEW MEXICO 

By 

J , E. Weir , Jr . 

Almost all the area discussed in this section (pl . 17) lies between 

the vlest line of R. 4 E., and the east line of R. S E . 1 and between the 

south line of T. 20 s., and the north line of T. 13 S. The area includes 

White Sands National Momunent, Lake Lucero and associated alkali flats, 

fans , and pediments adjacent to the eastern front of the San Andres 

Mountains, artd sand-dune and basin-flat regions bordering these major 

features . U. s. Geological Survel Water-Supply Paper 343 (Heinzer and 

Hare, 1915), is virtually the only publication dealing with the occurrence 

of ground •m.ter in this area. Pertinent data. from that pape:c toc..ether 

with so e additional hydrologic data collected recently in the field were 

used in the preparation of this section. 

Principal A~uifers 

ost of the ground water occurs in the relatively thic. basin fill 

of Quaternary and Tertiary(?) age. This fill consists of sand, gravel, 

silt, and clay with a considerable ount of gypsum . The gypsum :akes 

up the bulk of the dunes of the Whit~ Sands and occurs as crystalline 

selenite and fibrous satin spar around the playas and alkali flats , and 

is interbedded with the clastic constituents of the basin fill . 

Very few subsurface data are available in the area , but it is known 
that the basin fill is generally more tha~ 700 feet thick in the central 
part of the basin . The fill is more than 4, 000 feet thick in the southern 

rt of the basin and -;;.ay be equally as thick in rts of the central 
basin discussed here . 
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Chemical Quality of Water 

~ost of the ~ter in the area contains more than 4,ooo ppm of 

dissolved solids, more than 90 ppm of sulfate dissolved frorr the gypsum 

of t!le basin fill , and n,ore than 1 , 500 ppm of chloride. The source of 

the chloride is not known, but presumably it comes from salt deposited 

in the fill as a result of repeated evaporation of water fro playas as 

the basin was filled with sediments. Water containing high concentrations 

of chloride and sulfate occurs very near to the mountains in most places, 

and almost invariably occurs under the central part~ o~ th~ sin. 

Potable lm.ter bas been found in a few localities near the base of the 

Sa Andres ountains . 

Almost all wells and springs in the area are or have been used for 

watering stock. A few wells yield water of acceptable quality for domestic 

purposes, and water from a feu sources has been used for small irrigation 

projects in the past . Houever, most wells yield water that is too highly 

mineralized for human consurJption, and people inhabiting the ~rea have 

used rain-water cisterns or have hauled their drinking water. 

Yields of Wells 

Depth to the water table in the area ran~es from 1 foot or less under 

the playas to about 250 feet near the San Andres Mountains. Depths of 

wells ranGe from approximately 20 to 300 feet . Yields of the wells and 

springs in the area range fro less than 1 to about 85 c,J?l.l · Very fell' 
wells are capable of yielding as , ch as 10 ~~; however, it is estimated 
that roperly constructed, relatively deep, large-di&eter wells, which 
miuht yield as much as 200 · 1, could be drilled in sol 'e parts of the 
area >rhere only stock -water has been sought previously . 
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IOurc" of Potable Water 

Water of relatively good quality ia yield~ by two w.!l• alon• the 

... tern •1de of the butn near the front of the lan Andre. llowltalna. 

Lucero RAnch well (1e.s.a2.343) y1elcl8 pot.ble wattr containing !502 ppm 

of ~ diaaolved aolida, 161 ppm ot aulfate, and 58 pp11 of chloride 

(pl. 1'7). A8 Lucero Ranch well - fonerly u.aed to obtain d~utio and 

atook water, it ia preaumed the wll may yuelcl 10 apm; hOWir'rer, a properly 

conatruated well tn that area aipt yield u much u 50 ca. 

Well 17.4.23.443 at Baird'• Ranch yielda 12 gpa of water of marctnal 

• ob.U.oal cwuali ty on the bui• of atanda.Na for drinking water noommended 

by the u. •· Public Health Service. However, aany munici~tti .. in the 

Tularo .. -in and other parta of Mew JleXioo UM water conta1nins hiper 

cODcentratione of diaaolved aalta than the •t•r from 8aird'• Ranoh well. 

It 1• belt eYed that at leut a moderate quanti tr ot water of potable 

and inferior ch.U.cal qual! ty could be developed by drtll1D8 wella in the 

LUcero Ranch and Baird'• Ranch ar-. It ia probllble that there are other 

•11l1lar occurreneH of potable cround water of lilli ttcl extent along the -t 

• aide of the San Andrea llauntatna. 

Bardin Ranch well (12.2.27.211) 1 about 10 airline mil• wtat-nortbw.t 

of the northwe8t corner of the map of tu area (pl. 17), yielde potable 

water conta:lnins 771 ppa of ••tal d1a80lved aollda, 198 ppm of wlfate, and 

70 ppm of chloride. Tht• •11 1• w1 thin the boundar1H of the Integrated 

Ranp. The w.ll probably will yield at leut 10 gpm, and the water could be 

hauled or pipet( to inatallation• in the vicinity, auch aa Pole 1,788 CaJap 

and lkillet Knob. A pu~~plna te•t of thi• well •hould indicate whether more 

tban 10 IPII oan be withdrawn trca the wll without depleting the aquifer. 
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Su gested Additional St udy 

Puropin tests of t he wells at the Baird and Lucero Ranches should 

ive an approximate value of the productivity of aquifers yielding 

water to these wells . For a co prehensive and reliable evaluation of 

ground-water resources in any of these areas , test holes are needed 

11ich would .enetrate the entire thickness of the aquifer or aquifers . 

It is probable that the basin fill is as much as l 1 0CJ feet thick 

in S011e parts of th" area 1.rhere test holes would be needed . The fill 

very likely is at least 300 feet thick in m~~t parts of the basin area 

which hould'be tested by drilling . 

Virtu, ly no subsurface geolo_ic data are available for the area, 

and ost nothing is known about the hydrolo ic characteristics of the 

aquifers. It is estimated that a minimum of 9 and a maximum of 15 test 

holes \-:auld be required for an adequate hydrologic expl ration rogram 

in the western margin of the basin adjacent to the San Andres fountains. 

Approximately 5 to 10 test holes , one of which might be deeper than 

1,000 feet , would be needed to explore the area east of u. S. High~y 70, 

where aln.ost no data are available. At least 3 to :perhaps 12 test holes 

would be desirable in the alkali flat-sand dune area to det~rmine the 

quantity of impotable water available in that area. 

As shown on I>late 17 there are several wells and springs in the area 

about which no inforn' tion \m.s collected. Sor.:te of the wells 1.ay be very 
old and in such poor condition because of lack of mainten~~ce t hat field 
data concerning them can no longer be obtained . Much data might be 
collected througb interviews with residents and former residents in the 
area . Interview data will become increasin~ly more difficult to obtain 
as time sses . 
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The additional study sug ested or a rather complete evaluation of 

the ground water in the area may be summed up as ollows: 

1. Collection of all hydrologic data available in the area. 

2. .Reconnaissance napping of geology in the San Andres ountains 

to the west of the ar a. 

3. .Approx tely 15 to 40 test holes rangino in depth 'rom )00 to 

11 500 f.et 1 all with at least temporary casings and some with 

permanent casings. 

4. Pumping tests of each test hole and some of the existing wells. 

5. Chemical analyses of water samples from test holes and wells. 
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SOUTHERN JOlUtADA DEL MUER ',J .. ~SILIA VAU.EY IN THE VICINITY 
LAS C'RUCES, DOI ANA COUNTY, .Nml MEXICO 

By 

F . D. Tra.u er 

The Rio Gran betlreen Caballo .eservoir in the southern t of 

Sierra Co-unty, N. •-x., and 1 Paso, Tex., lovs throu h t 10 f irly 

di tinct valleys se rated by a.n area in '\.rhic l the rivc:r flows thl·ough 

narrow canyons. Tne ruor~ southerly valley, eztendin from Leasburg 

Dam, (15 , ·leo north,rost of Las Cruces) to abut .iles n rthwest of 

El P eo, ts called the l esilla. V 11 y. The altitud of th Mesilla 

Vall y n es from about 3, 975 to a. bout 3, 72 feet, and the valley 

floor s a slope of ap roxi tely 4.5 feet r mile. The valley has 

a tvruw. ~dth of 5 1niles in the vicinity of Las Cruces. Steep bluffs 

of loosely ce ~nt~a san 1 silt, cl 1 and ravel, about 50 to 10 feet 

hi , border the alley, an fro. these bluffn ently slo in~ plains 

extend back to th~ mo~tains. Xhe lain on the cast s_de of esilla. 

Valley is a continuation of the aott_ern end of the Jor del ~uerto. 

It is a nearly flat plain, 10 to 20 mil s wide, bounded on the ast by 

the San Andres Mountains . The pl in w st of the resilla. Vall y slo s 
southward f. om Las Cruces ..:.nto Mexico and is knmm. as La Mesa . It is 
si ilar in most re pects to th Jorna. del . ::rto, and the two fer d 
a continuous ~ain pr~vious to the cutting of the esilla Valley by 
the Rio Grande. 

This section of the report discus e ... briefly the occurrence of 
ground ter in the 1 ellla Valley in the vicinity of Las Cruces, th 
souther t of the Jorna.~-1 c....el -ult:trt", · .1·~- al-n i..h<- i't;;!Jte:..·.l siJe 
of the Or n, San ugustin, and southe rn San Andres Mountains. The 
map s late 18 has been dapted from Conover (195 4, pl. 1). 
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Principal Aquifers 

For the purpose of this discussion the rocks of the area may be 

divided into three groups : 1) the younger unconsolidated to 

semiconsolidated sediments of Pleistocene and Recent age; 2) the 

older unconsolidatcu to semiconEolidated sediments of Tertiary (Santa 

Fe) a5e; and 3) the consolidated rocks, both igneous and sedi entary, 

of Archean to Tertiary age, that make u~ the mountain masse and 

underlie the Tertiary and Quaternary rocks of the bolson fill . 

The younger sediments of Pleistocene and Recent a e constitute 

the most important aquifer in the area . They overlie the older 

sediments , of Santa Fe age, and occur rrainly as fan deposits and 

ou~wash fro the mou.~tains , and as alluvium underlying the present 

inner valley and flood plain of the Rio Grande. These deposits are 

co posed mainly of gravel ~~d sand and contain only !.inor amounts of 

clay. Tney are unconsolidated, and the individual beds are relat ively 

well sorted so that "running" sands are frequently encountered in 

wells . Large volumes of water are pumped from t hese deposits by "Wells 

develo.._., d for irrie_.ation, industrial , and public supplies . On the 

Jornada del Muerto the deposits of the alluvial fans are the source of 

vmter for stock and domestic use but do not yield lar e volumes of water . 

The younger alluvium in I!esilla Valley is as much as 220 feet t hick 
in the central part of the valley but is thinner tow.ard the margins 
{Conover, 1954, p . 25-26) . On the Jornada del ~fuerto and on La Mesa, 
the thickness of the younger alluvium increases tmmrd the na.rgins of 
the plain, and along the fuot of the mountain n~sses, and in the fans 
at the mouths of canyons the youn er alluvium may be several hunared 
feet t hick. 
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The older sediments of Santa Fe age make up the bulk of the 

deposits underlying the Jornada del Muerto, La Mesa, and the deeper 

deposits underlying the flood plain of the Rio Grande . They are 

composed mainly of alternate layers and lenses of ravel , san~, silt, 

and clay which have little or no continuity. The permeability of 

these deposits depends on the deeree of sortin·· and the amount of 

cement tion and compaction they have undergone. Clay constitutes, on 

the averabe, about 50 percent of the material making up the rocks of 

Santa Fe age (Sayre and Livingston, 1945, p . 27-33) . 

The older sediments are an important source of water in the 

Mesilla Valley, and possibly in the Jornada del Muerto . However, these 

older sediments in general , because of the high clay content, do not 

yield as much water , per foot of penetration of aquifer, as do the 

younger sediments. To obtain large quanti ties of water fro1.1 the 

older sediments, wells must be drilled deeper and penetrate greater 

thicknesses of the aquifer . 

The older sediments under Jornada del 14uerto may yield reasonably 

large quantities of water to properly developed deep wells. It is 

believed that well 21.2E.i4.3QO obtains most of its water from the 

older sediments although this is not proven . The water may come from 

older consolidated rocks underlying the sediments. 

The older sedimentary deposits differ greatly in thickness from 
place to place , 11hich indicates an uneven and roush surface on the 
underlying bedrock . Bedrock reportedly underlies the Mesilla Valley 
at depths of 86 to 331 feet (Conover, 1954, p . 25) . A well on La Mesa, 
west of Las Cruces , reportedly was drilled in Tertiary or younger 
sediments to a depth of about 550 feet without encountering the older 
consolidated rocks (Conover, 1954, p . 24) . 
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The consolidated rocks that make up the mountain masses and 

underlie the older and younger bolson till eonaist of Precambrian 

granite, schist, and gneis~; Paleozoic sediments, mostly dolomite 

and ,limestone; possibly Mesozoic sediments (sandstone) of Cretaceous 

age; and volcanic lava and tuff of sanewbat indeterminable age, but 

believed by Dunham (1935, p. 53) to be Tertiary. The Paleozoic: 

section in the Organ Mountains w.s measured by Dunham and found to 

be over 2,000 teet thick, and the series of Tertiary lava and tuff 

deposits ~s found to be over 1 1 000 feet thick • 

The consolidated rocks generally do not yield large quantities 

of water because they are mostly dense and impermeable. For the most 

part they deeply underlie the younger valley fill, and to explore at 

depth for possible supplies has not been feasible. In the upland 

areas the consolidated rocks lie mostly above the regional water table, 

and joints and fractures are drained. Locally 1 in zones of faulting 

along the foot ot the mountain ranges, the older r.ocks may be severely 

fractured. Where the tree movement ot water is restricted or vhere 

the fractured zones lie below the regional water table, water nay be 

stored in the fractured zones and m8J be a source of large quantities 

of water. 

In the northern part of the Jornada del Muerto, wells of moderate 
to large yield are reported to obtain \later trom a sandstone of Cretaceous 
age and tram the San Andres limestone of Permian age, both of vhich 
underlie the older Tertiary sediments of the bolson fill. It is possible 
that the Cretaceous and Permian water-bearing formations also underlie 
the older Tertiary sediments in the southern pu-t of tbe Jornada del 
Muerto and La Mesa. As the thickness of the deposits making up the bolson 
fill is unknown, it is not possible to say at wbat depth the older 
consolidated rocks might be found under the fill in the southern part of 
the Jornad& del Muerto. 
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Occurrence of Ground Water 

The following discussion of the occurrence of ground water in 

the area is based mainly on data collected by the Geological Survey, 

and in part published in Water Supply Papers 919 (Sayre and Livingston, 

19'*-5) and 1230 (Conover, 195)+), and on data reported by Dunham (1935) . 

Ground water occurs under both water-table and artesian conditions 

in the consolidated bedrock and the unconsolidated bolsort fill. The 

specific occurrence of confined or unconfined water is eenerally 

unpredictable because the occurrence and limits of confining strata 

in the various deposits are unknown. It rr~y be stated that, in general, 

unconfined water occurs in the younger alluvial deposits of the Rio 

Grande Valley and in the upper parts of the older valley fill , and 

that confined water occurs generally in the lower parts of the older 

valley fill and in the fan deposits of the younger alluvium. The 

occurrence of ground water in the bedrock underlying the bolson fill 

is virtually unt.nown, because no wells penetratin& the bedrock to any 

appreciable depth have been reported. 

In the upland areas the bedrock locally contains ground water in 

appreciable quantities, depending mainly on the nature and attitude of 

the ~ocks in which it is found. Generally speaking, the granitoid and 

volcanic rocks yield water under nonartesian conditions whereas artesian 

conditions are likely to be encountered in the bedded and deformed 

rocks of the Paleozoic sedimentary series. 
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Dept h to Water 

~ne average depth to water in Mesilla Valley in 1946 \laS about 6 

feet (Conover, 1954, p . 54). That -water levels fluct uate within a 

range of only 8 feet, • ore or less, is a consequence of the application 

of irrigation water to the valley lands, and the subsequent action of 

drains constructed to prevent water logging of irrigated lands. 

Because the water table rises less rapidly than th_ land surface 

with distance away from the river, the depth to water under La Mesa 

e and the tableland lying bet\{een Las Cruces and the Organ Mountains 

generally increases toward the mountains (pl. 18). Close to the river 

the \~ter level stands at about river level , eenerally at a depth of 

25 feet, or less. On the uplands, midway between the river and the 

mountains, the depth to water may be as much as 4oo feet . At the toe 

of the slo es of the mountain front the depth to water generally 

decreases somewhat and may be bet'\feen 100 and 300 feet . 

Conover (1954) reports the depth to ~mter to be generally between 

200 and 4oo feet in the Jornada del Muerto, north of the Dona Ana 

Mountains, and to be 200 feet or less northwest of the Dona Anas, the 

depth decreasing toward the river. 

The depths to water in the mountain areas are generally unpredictable. 
Water w~y be perched above the general water table , and be encount ered, 
uenerally in small quantities only, at relatively shallow depths . 
According to Dunhar.1 (1935) , ground water occurs in appreciable quantities 
in a narrow belt one to two 1r:iles long, extending from near Organ 
soutlnmrd along the mountain front , at a depth of about 350- 450 feet in 
fault-fractured cavernous limestone and dolomite of Paleozoic abe · In 
April , 1957 , the depth to water in the main shaft of the Stevenson-Ben.1ett 
mine was 325 .5 feet below land surface. 
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uality of Water 

The quality of the ground. water in Mesilla Valley in the upper few 

hundred feet of sediments improves generally with depth . In only a few 

wells has the quality of the deeper \18.ter been found poorer than that of 

the shallo,., \Yater (Conover, 1951+, p . 84) . Accordin to Conover ( 1954, 

p . 81) the water pt~ped from wells above the flood plain, and not 

immediately adjacent to it, 6 enerally has less dissolved solids but a 

higher percenta e of soditun than water obtained from shallow wells in 

the flood plail of the valley. Water in the valley fill of the Rio Grande 

generally is low in fluoride, high in calcium, sulfate, chloride, and . 
dissolved solids, has a moderate ercen of sod um, and is hard. Sulfate 

conce1Tt ations in the alluvial fill ran e from a low of about 65 ppm to 

as high as 747 P)L"lj chloride ran es from about l~o ppm to 436 ppm. The 

concentration of dissolved solids ranges from 207 to 1 , 950 P!h•·' with the 

average being about 900 ppm. The percent sodium ranges from 27 and 61 

{Conover, 1954, & " 82, 153) . 

So~e of the ~~ter underlying the Jorna.da del Muerto east of Las 

Cruces is of unusually good chemical quality, as indicated by one analysis 

of water which had only 2v5 pm of dissolved solids and a percent sodium 

of :;6 . Water from irriwation well 21.2E.l4.300 on the Jornada. del .uerto, 

northeast of the Dona A~ Mountains, contained 495 'pm total solids and 

had a percent sodium of 17. This well reportedly yields 1,0 0 £~1 with 

35 feet of dra.wdown . The source f the water is not Jr.nmm . It may be 

from older sediments of the· Santa Fe formation of Tertiary e , or from 

rocks of Cretaceous a e underlying the valley fill. 
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The quality of water obtained from wells in the mountain areas is 

generally good. The wat~r from wells ~netrating the limestone rocks is 

generally harder and higher in total dissolved solids than that obtained 

fro. the ie:.n ous rocks . 1m analysis of .. "':l.t~r fror"' the Stevenson-Bennett 

ine, south of Or£an1 showed a total dissolved solids of 602 ppm, a 

percent sodium of 9, and a sulfate content of 292 ppm . Tho ancQysis 

showed no copper, no lead, 0.14 ppm of zinc, and 1.2 ppm of fluoride . 

~ter is r~ported to have been p~1ped at a rate of Boo pm from this mine 

in a futile effort to control the inflow and permit :mining operations . 

Present Dev~lopment 

Gr~nd "~ter is used for nearly all domestic and public supplies in 

the ar-a under discussion. Surface water is used generully only for 

irrie;aticn purposes . The to\mS of Do::'a Ana, La.s Cruces, and ~..esilla. , and 

the A ri~ultural Colle e have large-capacity publi~-supply wells drilled 

in the valley alluvium. Individual small-capa.ci ty uell s supply •m. ter to 

most ranch ~~d suburban homes . 

In 1947 the city of Las Cruces pumped about 300 million gallons , or 

about 920 acre-feet , of water from 6 wells . In 1955 consumvtion was 

esti ~ted to be about 2.52 Jnillion gallons per day, or 2, 600 acre-feet 

per y ar . ~~is supply was derived from 12 wells . 

Several hundred large-capacity irrigation wells have been constructed 
in Mesilla Valley between Leasburg Dam and the north line of T. 25 S . 
since 19~7 to su .. le ent surface- ro.tcr supplies. These ':ells ·reduce 600 
to 2, vuC [pm, and have specific capacities ranging frou less than 20 to 
about 100 m;>m per foot of dra:wdown. Some irrigation uells !>...ave beer. drilled 
on the slo?es above the valley fill, but on the avera~e these ~ells do not 
have specific capacities as high as those drilled. in the vall.y fill , and 
some a.ttem: ts to get water on the mesa for irri£a,ticn have failed because of 
low yields (Conover , 1954, p . 108) . 



The depths of the large-capacity wells in the valley fill gen rally 

do not greatly exceed 200 feet , and uany are less than 100 feet . 

Large-capacity wells on La Mesa and on the Jornada del Muerto generally 

are much deeper, and rr~y exce 700 feet . Irrigation well 21 .2E .l4 .300 

reportedly is 600 feet deep and yields 1,000 gpm with 35 feet of 

drawdotm . The reater inl tial depth to w"B.ter and the generally 10\·Ter 

specific capacity of wells drilled in the older alluvium underlying 

La Mesa and the Jornada del L.uerto neces itate deeper drillin to obtain 

large amounts of water . 

Potential Supplies 

Wells yielding lar e quantities of •~ter can be developed over most 

of that part of the floor of Mesilla V~lley shown on plate 18, and locally 

on La Mesa and the Jornada del Muerto~ Wi~h vespect to pumping from 

alluvial deposits in Mesilla Valley, consideration ust be given to the 

relation of surface v.rater and ground -1at r in the valley . Conover (1955, 

p. 113) bas stated: "Because of the interrelation between surface water 

and t e Tound •va.ter in the Rincon and Mesilla Valleys, pumping of 

ground water does not represent an additional supply or new source of 

water to the project [Elepl~t Butte Irrigation District], but rather 

essentially a change in the method, ti e , and place of diversion of 
sup lies already available. Depletion of round-water s ora e is , in 
ffec , borrowing upon future surface-water supplies . " In essence , the 

statement applies also to rofuid-water punped from un~er La Mesa and the 
Jornada del Muerto because ground •m.ter under these areas moves toward 
and ulti~tely discharges into the alluvium of the Rio Grande Valley, to 
become part of the surface and m1derflow down the Rio Grande channel . 
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As n indication of he acoun of surf e water vailable to 

recharge ground-water withdrawal in the Rincon and silla valley , 

th _ average annual discharge of the Rio Gran e River at Caballo d.a.t1 , 

for 15 years of record to 1))~, ms 760, 20 acre-f e . It ust be 

understood, of course , tha.t all this \o..'a.ter is appropria e .. und r 

a eements of the Rio Gran e co pact and to indirectly di ert any 

a.p reelable ount of this surface water to recharge t e ound- at_r 

aquif rs of th vall~y, as a eonsequence of lar e- c le ucpin 

'\m.ls, wuld undoubtedly result in protests by own users 

of the riv r te.r. 

or h lest effect on ter suppl'es in the v lley, nd for 

ro uction, large-c city wells in the vall y should be loc ted 

as far s possible from th~ river and the drains , should be arilled as 

f r as pract~ca.ble from the mountain s es and he northe n end of 

sill Valley, should be drill d n ar rroyo mouths whe e ossible, 

and should be drilled nod eper than. 1ecessary to se ure an adequate 

sup ly of ter (Conover, 1954, p . 151) . 

Su gested Additional Study 

Befor ny extensive pro . of d-..:velopment of ound wa er is 

undertaken in this rea, ome ad itional studi a .eed to be d . 
Records of b ~h river and drain ischa.rge , nd fluctua ions of wat r 
lev ls in th esilla Vall y shoul be analyzed nd intcrp ted to 
dete • ine in so f r as possibl the probable effect upon iver nd drain 

char e of heavy pUtlpin fro;;l el s , rticul .ly if the rate:- t o be 
p d wer to be tra spor -d for us outsid t e valley. 
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It vould be necessary to conduct a. pro ra.m of test drillin to 

deter~ine the location of adequate quantities of water of acceptable 

quality . It is probable that some wells ith high yields would have 

water of a quality unsuited for hurran consumption . 

Trou..., s in the water table , as shown by the contours on plat e 18, 

in icate that ground '\mter moves southwestward toward the Rio Grano.e 

fro both ·he north and south side of the Dona Ana Mountains . The 

a~is of the lines of these troughs in the water-table co tours would 

see~ to be likely areas in which to prospect for ground water . The 

belt of fractured cavernous dolonli te and limestone alan-.. the west 

slope of the Organ Mountains also appear w rthy of e:~ploration by 

te.,~ dr lling in the li"-'r.t of data on ground water in the t.ining area, 

as deucribed by DuriPAm (1935) . Additional geologic study of the west 

front of the San Augustin and the southern end of the San Andres 

Moun· ins mi ht reveal additional struc·ural features makin development 

of ground "Water feasible in those areas . Several seismic surveys across 

the Jorna.da del Mucrto in the vicinity of the Jornada E.cperimental Range 

should provide useful infonnation concerning the subsurface strata and 

should indicate whether or not a test-drilling progr.am might be advisable 

in that area. 
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