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lR Ta YI~INlt OF C 

By 
illi a &le 

ABSTRACT 

The &rc inc uded in tbia inTeatig tion l1ea in Eddy Count7, 

M • exl:co, Lt<rttel1 betlf!) n tha foothil s of toe Guadalupe ountb.tns 

on the st and the Peco• RiTer on tbe ~at, ~nd extende from Carlsbud 

iver. Tb Pecos Riv r dr~in& the entire re•, and 

in the growing on wben wuter is d1Terte · t vnloo C m for irri~ 

tion its flotr in bi locelity 1a m int inecl l r6 ly hy the numeroua 
. 

prings eaerging in the river ch•nne ·north of CLrl*b d. ·c rlsb nd 
-' 

vlcl.nity d pen on gr und "' ter for domestic ater sup! ' 1 the 

atere of he Pecoa River e too highly iner lized for doastie use. 

bout 1 ,1?0 area ot 1 d 6 . irrigLted by ground • ter in the vicinity 

of C rl8b d io 1940. 

V lley fU1, ot u tem .ry •ge, extenda over • ost ot tho reu, 

1 rg ly s ~ thin veneer, .but it boa a maximum ttnown thi knees of 256 

feet. It ia· aade up 1 rg.:ly of cl 1 wi b lenses of con&}-o11er te, 

gr vel and s nd. Th~ uatler fol'l:la tlon, o upper Perm IUl ge, underlies 

e f1 · nt! i co pa~e. of 'IP um ~d r ci beds 1 tb one persia tent bed 

of 1~e$tone. The Sala o fo t ion, wn~ch iG co oSed chiefly of ·b&lite 

(com~on s~t). un erlies the Ruatl~r for~ lion elae,here but it i» 

bGent o'fer WJOII't of be ro de crt be in thi i)(:. p r. ·The C stile · 

fo ion, nich ie redominantly anhydrite; un erlie the S l do knd 

oT rlie he ~el w re Mountain group, of lddle Permian ge , which ia 



deepl7 buried 1n oat of the r a . The upper p rt of the Del· w re Mount in · 

group gr des into t e C pi ··n LOd Carl d .limestones o the nortJh, -&st, • · 

lltld west, tbe 1 t.ter eing expo ed no r "C~rl d tmd in the foothil ls· of'~e 

~ Quad lupo ount ·ina. The C rl bad . iaeatone tn turn gr deo into the u •per 

pa:rt of the Ch..otl Bluff foraat1on • 

. · Ground w tdr pparently moves east ard from ·tbe Gu dulupe •ount ina 

throu h th C r!s~d limestone t o r ch rge t1e aqu~ers in the Del~wer.e 

oun in, Castile, nd S lado unita. In tnese form tiona the wKter soon 

becom o too highly .ainern.a~ed for domestic or irz:igation use. A l~rge 

p rt of the . a ter in t he Cnrl5bed limestone e& rgea in he spring area 

north oi rlsbad, and a rt of 1t moves into the val ey fill in Dark 

Canyon Arroyo. The a ter in th fill of Dar · Canyon Arroyo movea· 

l~ ter 11~ in o the lioestone of the Rustler formation. The water moving 

e s • r d in the Yh~ley fill nd Rustler ime t ne bee mes progresaiYely. 

ore minerali ed nci in the !antland ret~ in tbe Cnrlab!ui lrrigtttion 

Di trict !t 1 unfit for doaestic use. In addition, highly ~in r~lized 

w ter eeping from the lhrml&nds nd c nals in the Carlsb d Irrigation 

Dis trict com in los with t ho w ter . r om the ~est, end the reHulting 

mixture is undeairnbl eY n for terlng tack, although of neceasit1 it 

1 , much u d for h t purpose. 

ter Qccura - tn cbaanels of the rls d limestone, nd wells qril eq 

into it enerc._Uy obttitn large yields of ha-rd _rut potable wat~r. '. The 
. 

~~ici 1 sppply ot the city or C rlo~d is derived from 4 ,wells (1940)1n 

the Carlsbad liaestone. The equifer has a higb tr nam1as1b1l1ti in tbe 

vicinity of Car1ebad, aa aa s own by test .r::D.de on one ot the wella 

o~ed by .Southweatern Public ervice Co. _ ~~well baa~ apeciftc 

.... 



cap&o.1i.y ot 275 cal~• per ainute per f~ ~ ot U.wdown. !h' present 

llit.bdra•':-1 ot water troa wella peuetratin& tl.- aquifers J..n the Carlsbad 

~ .. taae averages bout 4 aecond-feet . (&bout 2,600,000 &allons a day}. · 

'ttse a-ntr ge flow •••rlinl 1n th · spr~& . rea ln the Pecoa ·River nor.tb of 

Carl baa ls bdllt ~· secon -r .. t (about 40 llillioli 'allons a day}. It 

appeara that bout 12 ec()J1d-'feet of this now ( bout 8 ~ill1on g llona -• . . 
Oa1) coaee froa 8 uifera in the c rla.be.d liaeato~ &nd t t tbe r•aillder 

represents leakage froa La e Avalon and the canal sy•t~• 
.. 

The v ller fill 1~ l ess era.Mbla than the Carlsbad liaeatone hit in 

ome laces sUfficient yields are obt&ined for 1rr1.a.ti~D purpoeea • . A 
• f • • 

teat made ~n a well in he fill just eouth or Carlsbad ahotred 

t loc lity to baY Q tranamissibllity oi about 6o,OOO. 

Cont 1:D tlon of the bouaehold. wells in · eat Carlabad does no.t appear ~ 

to be t~ing place t ·the present. ti• ltbougb the jutap e1tion of' . 

ceaapool end outheuaea on t.b8 ooe han.d .qd poorly ce.aed well.• tor doliestic 
• -~~ .I - .. .. • . . 
ater a~pply on the other .akea the aitu tion dangerous. 

IRTRODUctiOI- : 

co~, ~., and ac~owledpeata 

Carlsbad and Yicin.tty depend u pon ground 1-er tor potable 

su ply s ~be •ater .Df ~be Peooa River 18 .too h1ghl1 •ine~ized for 
'• • j I 

do.eatic use. · ith' the rapid ~tb ·ot 'tbe ~iti tbere A&a. been ao e 

C~Oel'll ~8 to ·whether f.bere· are aut!ici-t potahle .grouod-wnter *t.lppliel 'r ~ 
~ ~ It: •• ' • 

to aeet .' th ·;fUture neede of the· city. Tl)' publir. ~ter supply al Carle'b&d . -- .. .,. 

was deri-.ed troa 4 ••~• in 1940. Co._mitiee outai~e the city liait~ 
. , . .. ~ . . 

})ave no public: n.ter supply and t .berefore have developed pri'fate grow1d-

wt.ter..: a.Uppilea. o~t; where ·potabl• -cround wa.ter (toea not occur, 



cr d1s~"t.Dt ell .. . Farelanda ~tside . the ' C•rlabed 

ion &latrict 1r~1g te ·wit water der1Ted fro• ell$. A ~eater 
.. 

1• r i. t.y of cropa iuy btl grown wher th qu 11 t7 o! tar o bt ined troa 
. 

. " these well a 11 . better thaD tbat . used bJ tbe .C.rlabe.d Irric t1on Diatrin • 

. Tbuas ~tud1 of both ~· quality aad the quaa.tJ; or ar~d .• ter 
.. ' ~ .. 

for dnelopiNftt 1D the T1cin1tT of C.rlabad ••• de1irab •· · Also, . . . . .~. ~ - . 
aoe concern && t o wbetbe~ contaaio£tiQD .of . th po~ble JrouD~- ater··:8llp ly 

in est Carl bad c n take place. T~ co..uoity ha~ n9 a .. er ~~te•, ~a 

the conditions re a· ch tbet tbere is a poaaib1l1 ty or contastn tion • 
. 

-lth be. !o iOin object1Ye 

rvey n s coap1led the data •• 11 ble ~ ground-wet•~ cond~tiona in \h1a 

- are , the raaul te or l'bicb are presected in tb.ls report. 

s c led on in cooper ~ion wltb .T. • MoCl~re, ~t te ID~eer of .. 

• Mexico, and JmdeJ' the auperria1on of C. V ~ Theis, Oeolo1ist in ella 

ro~d .... ater !lave· t1g t1.ans 1n Jew •nico. V. L_. 'inter, Seoret ry of 
. 

the C rlGbad Chaabe! ot Co erce, g Ye Ya uable Qsaist~nce 1~ outlinin&. · · 

th~ needs of tbe ~oa=Unlt in this yoe of 1n•eatigation. The geological 

section of ~tbia report re. bea~d 1n lar&e part on~ the wor'.c 

· ct tDe ologic uney. All ol' the wa tor an lyaotr !Jre - e by ch•t' ta 

in the ologicel SurYey le.bor tory in Roswell, New uico, unlese other-

1rise et tea. The Southwestern Public enice -Co. all~·~ pulllpin& testa . · • 

to be 1'\Ul Oft their •ater well'& ..uti rtl o g :Ye penli&st.o~ . to" lrlstti.ll 
~ •' .., .. , . 

record~r oa one of their less trequen t y · uaect wello. ell owners and ' ' 

· drillers 1n Ule -&ree were cooper tiYe. 

!be nrea lnclud~d 1n tb 1nTe8tigat1on liea aoatly •• t o£ 
# 

the- atret.cb of land bet een t. 21 • end T. 24 s., end R. 25 E •. 



and ... . " • The Atost 1ntens1Y~ or covered tb period fro ept mber 

.L. 39 to June 1 40. dd1t1on 'at were- obt ine fro:r. Ju.ll" ~940 to 

ept :aber ~941. 

etbod of deaign ting welle 

· ased upon the 

COQOR l ubdl-.1 l :m nd serves tne cu 1 1 u e of designating &nd 

loc tin · t he well. Tne nua ~r of t wel i s ep rat d into 5eg enta b,y 

deei.a 1 point • The irst egD nt denote tbe tQ!ft1Sll!p, the second the 

rM , th ird t ct1on, k d t e fourt1 the 10- cro trnct in t e 
. 

s ction. Th action i di vlded into arterp numb6.red l, , 3, wi 4 

f or the 
' 

, ~ , and E quarters respectiv 11, d e ch qu rter is 

eubd1Y1ded ·in a s tall r a nner so the t the first digit 1n the fourth 

se e t repr ~ent he quarter s~tion or 160 acre& d the second tne 

cr tr ct; ~ ailarly, ench 4 - cr tr ct ia div ided into 10-acre · 

5 

tr cts , ·I'Uch re 'cooted by tb thir ttgit in tbe fou~th eegr.erit. Thue · 

a • 1 loc ted in the I E Nt o! Bee. 35, T. 21 b., R. ~ 6 ould be 

de i ted s ' 1. ~ .)~. 42. If two or aor well ure l oce ted in th •• 
10- ucre t~ct 1 tter, , b, c , or d 1e aoe t o he number desi tion. 

Al o! th t ownship 1re sout of the s l ine , nd tb rfln ~re all 

t of ~he New •exico princi p 1 meridinn. 

Industries n d couerce 

C rlwbad , t:1e county ·e t of dy County, ia l o ted on .e Pecoe 

R l~er i n Boutbe stern New lexico. Tbi.s city i s top-over f or l&rge 

DUI!! r of tour! ts vi :si i n the 1'8 ous C rlsbeW C~Jverns, 25 mU a to the 
·. 

so~thw••t, arid ~ t.he enter or e numbctr of im.lurstrie , ucb as (&rrlling, 
~ , . ~ . 

cat~le aUinc, ·and tbe aining nd r tini.ag or potash ores. -~n 1930 



d bad popul tion or 3, 08, but ai th the opni of tbe ne rby 

pot b ineo and reflner1. s s ince 19.3 , t he city baa grown rapidlJ• 

cC:ording to the t I. census, Ce.:rla d proper bad 

. and reater Crirl d a pop{.llation or 10,000. 

Th future steadT gro tb of the c1 ty aeeua assured b7 tbe penw.neot 

n ture of tn poUls industry. The t o co Gnies 1D oper tion in 
. 

New ·oxico tn ~ 40 were tbe Potash Co~pahJ .or America and ~ United 

S tea Po b Co pany . which to1ether 1ritb c011pany oper,,tiDI t 

1 earlee L lle, C lif., roduced 9 percet of t-he potaab iaed in the 

United tea. Tbe pre nt known roserYeB of high p-ade potaap ore in 

w.. exico 1re much greater than tboae in earlee L!ke, &nd it 1a · 

eat1 ted tn t the lew exico reaer.ea lone could a pply the United 

St te · r. t the rate of. 500,000 tons, fl -red aB 120, annual y tor oae 

hundred d fifty years. The current consum tion (1940) is bout -4)0,0 0 

ton " fi red a l~, per yefir. · A third com &Dy, the Union Pot ab end 

Cbe leal Coapany, located near· Carlsbad, beg~n production in 1941. ) 

Tb f•r•1ng !strict 1 aade up mo.inly of 1 nd inc uded in the 

C rlu~ Irri tion i tr~ t, -.cbich is oper t d by t.he Unit~.' tatee 

Bore u o c tion. This croJect xtends from An.lon D '• ., a diYeraion 

and stor da 5 miles nor h of C rlabnd, to ' miles outh of Black 

River or ·bout.. 17 rrll.es outh or Carl~»oo , nd lie3 largely between the 

o \tbe_rn Cane.l on .tbe weat d tbe Pecos River on tbe · e at. About 25,000 

acre• of farm land are included in t.be diatrlc • . ". Two store c:- reserY ira 

&boYe !Yalon Dam on tbe Pecos RiYer supply ater to the projec~r · n aely, 

.Al 110gordo Reaer.oiT, D ar tort Sumer, and Lake MaiUlan, loc~t.ed 

aoutheaat of Art• 1 • La e Yalon 
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. 
•hicb serw s La Huert , a community north of Carls 1, nd the outhorn 

0 hich ae~ s t~ l orser ~ tion of lhe strict, . bich 1 outb ot 

Carl be • The gro in s e aoo ts fro Uarc to October. the two •ain crops 

a_r!J cotton nd lJa . Out · 1.de tne Carl.Bbt.d Irr1 tlon i trict t .here are 

eYer 1 f rm tb- t ve deTelopod ground- ater au pliee sufficient !or 

trrig t ioo purp~ses . 

Ca r abad M d vicinity re :>ened by br nc· lin of the •tch1.eon, 

Topeka nd So.nt e It 1 • y. This line extends troa Clovis, through 

oswel nd rte i a , to rlabad and t ence. aout tnroug Loving, a smull 

town 12 ile o Car sood, t o Peco , Tu. Uigb 7 lead north to 

rtes s ~n Ros 11, • M x., e G~ t o Hobba, N. ex., outh to Pe~oe, Tex., 
end outb e t t o the e rlsbad Cayerns a~d El P so, Tex. u111erou truck 

line .. erve t• ity from 6 1 ) Oints . The Continent irlines, Inc., 

in i n l r 1 d i t !: I P Tex., and an a sen er s erv ce o .-..... aeo, 

/-.l bla .uc '1ue. 

Topogr phy 

he Guadulupe ountains ex ten nort ard in e V -ohape fro just . 

tnside the Tex.n:J border c...t point bout 5~ ;l)Ues so ·tbweat of Clirlsba • 

Th t 11 b or th V orm the au dlilupe oun in c. prope~, : nd the e at 

11mb form t1e foothil • This e.a tem li.Jib 

G11 dtlltJpe by L ng ../. The rrera extetlds uo-rtheas tw rd t poillt about 

. • B., The Pel"'lllan fora tiona of the Pecos V loy of tle 
J.~ . Asaoc, Petrol!um Geo.i~giats Bqll •• •ol. 

15 aU a outhwe t of Carl bad nnd rom t ere s in a to tne north in. an 

unbrok~ line to HacKberry Dr du' west of Ccrlsba • · (uee ot 



flg. ~. II.Dd 

.. 
~oot1llo iUi_.. tUl fart.Aer oor\h., aero•• tJae Peooe 1Yer ~ere a_re twa' · . 

• ~. •• 1 • ,. • • 

.... , . .. 

. n 11 llil1a .wtt.bout.. u ... wbiob re t coa'u.ilutfOft ot . tbe &.rnra • . TMN 
~ • t I '> I • ' 

.. ' . " ... ~· 

11 ueually a~rp bra• bet-ween ~ .hi'rera ar¢ \b clJ~•t .f. ll•T ·floor. 
, . ) .. ,. '• ... 

lortb of Black fi1 Yer (> row of billl p~rall&l:e ~ sn~ •• faf' aort.ai •• 't . 
... •"'i ". 

• • ' J ~ .. l 

C rlabed •.. Tban bill are ..on p:ro111Dct ·~ tb~ , o?tbttro .a .net ~•• ' · ~ 
' . . ' . . .. .. ' ( 

baea nuad ' the f~:cmts.er tUUa. ·f rtav DOJ1;b tbe .. reu.r dia11:a:l.1hea •t.~l. 

•· . 
ley e.oti~ ··'?t ·C~a 

' ' 
thr .. d1st1ac-t t.errftcu. The l.o~•' tel"3be 11 aclJ'a~ent to t.be r1Yer 

I 
• I • 

&al 'cover• · •aU are • Tb nut terrace conra . .'tb · 1 r1er }X:n ·:ot ~ · 
.. . ' . ' , ' , 

, . Yall: J aDd inolWsal 110at of. the l'&l'lllaad• Ud ao.. of tbe ftn Wll ... , . . , • 
.. . ~ ' .. . .. . .. ,. . . . . " ~ .~. . :, . . ... 

,, • t ... "' • • 

of ~ tai'IDl.aa • Stull lmolla that coClUin .craveJ,. · co r d l>t • · o41dhe , 
.. t • • 

p •T-• l:l tbr.t. rell&in of e.; Udrrd · terraae. ~ .. e• terr•cee hl\v~ Rni'-~· · 
'"' .' , ,. • II • 1 • • " I • • • 1' 

the aM a••• tui \he ~~c•• ~ tho o8. an. a.r,teol ~ bltsin ~ tb& uortb../ a · · 
• • • • .A • • 
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1s, ~he l o · eat terrace ia pro btlbly the Le. e ood terr ce; the inter-

aedi te e ne1Ye terrace, the Orchard P rk terra.ce; ond the third t.err cat 

be Ble do terr ce • 

. . Drain ge 

Tho Peoo Riv r flo~a · so stward in this locality nd dr ina the 

n t re e • Durin th irri n s aaon, fro February to ~em r, the. 

entir l' o of th .Pecos 1~rer 1. o lly aiverted for irri ntion rat Av lon 

DA • Th' rtver c is U l> elly ne rly dry hetween the d end Cnrlsb&ci, 
. 

. ere . tl r e n ber o e~~inga emer e along the ~a nd iD the cbhnnel 

of t rt. ver. C t"l bsd pring, one of the l a r gest prit gs , hna been 

deve~oped .by bu1ldin concrete nk srouod it wbic ~int4lna the· ~ ter 

l v 1 bout 5.5 feet above th~ djncent river ater level • . This eprin& 

has flo of bout 5 eeoor.d-feet. A .daa tb r Y r on t e ea~t aide 'o1 

C rl b bee s v.. thee ater fro . t f:&e aprin · t o point bout 2:.~ lldlea 

bove the d~ n oppo lte t e Carl ~ d prin • The co~bln d flo of the 

C rl · d ring nd 11Umeroua ott r pri ge varies be~ween 50 ond 80 'second-

f et raur d at tbe Green treet · arid~~ G tn t8tton on Lhe e~ot aid 

of C b lo the dam. ' o thee t fro Carl :sbe.d e s ll pringa re 

fou.n Llo Its of the r v r. 8 sc ~t v r r D~r~ Canyon Ar-(oyo r 

t only tri but t t.he Pocoff 1!1 ver of y size in this re • A fa~ 

t iS n C ~& aw, derlvin.17. lfttter fro retum 1rr1g&.tl,., wate.r. co,_-

tribute bout l toecond-i'eet on the &Yere g to the. fl.o of the t•coa ·1Uv ·r. 

BlPJC: River f lons gener lly in_ an etioat rd direction an ent ra tbe 

.Peco -c ver t oint about 16 ile aou tbe at or Car d. l'be strecm . 
a erennl 1 flow belo Blue "):>rln , llic 1 bout 15 miles eat of ,. 

t ' • •) tn of Bl c ltiYer. Blue rin :. lntc; in flo o fror. 
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aecODd-f et :nd C atle ?ring, bout 2 ~lle~ to tbe northe at, llowa so e­

WMt lee tbftn second-foot . So e of t e tor ls diverted for irrigation 

ne r Blue Spring for t e eral d lo ted near C etle ~prlng . The Southern 

Crun l tnt rsects Bl c lver bove a divereion d n ut 5. 5 i es rom ita 

:aooth. ben no ater i s r uired for irrig tion outn of Bl CK River, the 

ter from th rtver ond canal is ~pil ad to the Peco River. · 

Dar Can7on Arroyo hesda ln ~ Gu&d~lup oun in~ Hbout 36 ~lleo to 

th so\.lth est of Carl d. Thi nor~ lly dr arroyo drain c-on ider ble 

re in th~ foothill of the Gu d lup oun in , and when be TY r ins occur 

in t he.t r egion fl ah floodb r.: to t e Pecos iver. Th urroy 

frolll th foothi ..... of tn Gu d lup s ( bout l - il ts Gonth st of C r labod 

od flows to the northo at, entering the Pecos River j u t out of C rl • 

H c b rry no Little 'c ittric , two mall ephuer str ms in the 

re nt r D r · Cunyon Arroro from th eat n r its mouth. 

C11 t e 

Tb cli~rat. e of C rl bt:.d is 6 1-ari <.: . umm r s r ot d winters 

rule. 11 t f ~ ng is o rried on hy m n of irri~ttion . 

Tbe r 1 US ~Upport gro•ths Of greaaeY:-OOo , QeS 1''ite, " Oift gr 88 1 o.nd 

c cti . The t ble b9 o~ gives t no 1 onth y r~ inf ll ut C rls d s 

d rain d !'rom r cipit tion record hie ~s bee. cont lnuou~ s ince 1~95 . 

J en . . 32 
Feb. .44 
lar, . 56 

Norm 1 r inf l in inc. , Car l bad, New Mexico 

r . .95 
.llq .77 
June l . 73 

July 2.42 
Au · . 1 . 77 

... 

ffoY . • 2 
D c • • 65 Tot 13,59 



~ 't>OTLUII OJ Qf.OLGGIC IiiS'fORI 

Ground e ter moTe~ tbrou1b opening in tbe rQc s . . Thes& ope~inge 

~ 1 . rge o~ ainute in size, de~ en din u-pem the nc ture of tbe rocks, 

~ they re l rgelY LDterconnect d to fa~ cond~te. - The Teloclty of 

.oY~en nnd the ,uality of tbe • ter . flo ~g through these concuita re 

dete ned to 1 rge extent by ~he character of the roclce through hicb 
. - . 

tbe at~r IIUSt p ••• In the Yieintt.r or c~rlab8d·, ground E1ter oocura· in 
. 

openings of two types. tn the Talley fill, hich ;1-eld th water to 
, . . ' 

~~eatic ·~d s ome 1rr1getion welle aouth _of C~rllbad, the sater occur& 1n· 

-
tbe res bet een ~~ of as nd aDd gr el. ~a tbe liaestoae _eat of 

C&t"labad, h~ch u plie& tbe ella of tbe public w 'terworks of Carltsbll<l 

- ttnd lso tbe c rl sbnd s rings, and in tlle gypsiferoua .. rock in 1-he rea, . 
. 

the water occu"' 1n coaps.rAtively large olution pRaaag&o. Tb cb' mical 

~~r ctar of the •~tar und the e ae •itt .t•ida the • .ter is obteineQ from · 

welto re nerally qite different in. t.ba two"typeo of rocka . 

Rooks S>f 111id le and uppel" Persian Md ·uatcr ry 1e crop . out ill and · · 
.uad.erlitt- Carlsb.o;.d nd 'fic1n1ty. Rock& . of early PeJ'Il.i n nnd pl er !'or«::· tiona 

. 
crop out in the •' cr •en to Mount ia to the nortbweat end p~o~blJ underlie . ' . 

~~ -
he C rlsbed re~ t great • tha, but ·s th y have no ber.ring ·on tbe ground-

·l 

wster probl ms in tbta are • th&y ill ot be discussed. Roc a of Trib slc 

a.n -pos~ib1.y ret -ceous !:1-Je. wbicb ere l .1d dotm over the rea ve bften 
.. 

strtpped otf during the long eri of erosion reced iog 'the depe·d tiop 

or Q\1 terr. TY deposits. Tne I•C!logic aap, f~rej, . }1.0¥.: t~ .a~ .. ·fl:l distri­

bution o form tions in the Y1c1a1t¥ ot C~rl 
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The Peraian form tiona- in tbe vtcili~ ty o' Cu-la}Ja.d differ greatly 

._ froa pl c• to- pl ace, soae being confined to · part of __ the &:rea und other• 

.. 

-
c~ging r j) i l y fro11 liaestone to t;,nbydri te or to clay eaid shal.e. _ T.ne . 

e~t tverolt of the rocka resultS froa the unusual conditions of aedi-

ent t1on .under ich tbey were l i d. down. The follo ing brief discu sion 

of these condition , t en lar ely froM Long 4l will help to expl a in the 

J La.n&, • &. , The enaiae form tions of the Peooa Va.lley of Me• Mexico 
ond Tex ea Aa. A:::~ soc. Petrolewa-Geol gbl.s Bull., vol. 21, pp. 833- 8'98 , 
19)7. 

changes in l ithology to be l &ter described. 

The vicinity of C rlsbad lies ~eologicolly near the northwest rim of 

the Peraino Del~ware Bnain • Ourina a&10dle Pel"llian time an a.r ru of the 

s occupied the Dela~nre &qsln end· ext~ded beyond it. In ~hellower 

nter ne r the ~rgln of the 0 l sware Bsain, reef liaestones compo&ed of 

the massive C pi t6n n the well-bedded arlsbnd limestone were l id down 

in the shapa of a · horse hoe wi th tbe open end tot~ aoutb. This reef 

c.lwel.o Ent served t o ivi e the ar~a into three sedi.mentsry proTlncea 

which L ng n ~ (1) Tbe Delaware Basi n o~ fore-reef pr ovince, (2) the 

reef-zone ·r r ovince, nd (3) t he back-reef proTiDe~ . In t he fore-reef 
. . 

r ovi nce JW rine de posi. ta . of s nd tone and · l,taeatone H ch no• f ora the 
-

Dele re Mount ln group ·were l e i d o n. In ibe bee'~.-reef area , -.·here 

the o. te1 a were .ore. s ine, anhydr1 te and ~cl a tiel . fro• t.Q.e l.owl nd area , 

bround tbe u.raln ot tbe aea were 'deposited; Thea• bftck:-reef <iepoeita 

form tb.e ChiLl Bluff fol'll c..tloo. 1be ~poaits ·of tbe .reet-zone p:rovince, 

n elr, the Capit n and Carlsbad li&e&tonea,_ c e r pi dl y into the 

Chalk Bluff fo tiou in· the b&clc-reef rea and into the Delawe.~· 

. ·~ 



for tion in the fore-reef r a . A graau 1 down• rd aove e t o1' the l d 

b1ch Kept p ee with deposition ul~o~e these form tiona to attnin a 

great thlcknees. 

The period of reef-buildin a brou ht to close by a ch~l• rom 
.J 

· no~ 1 ee - ater conditions to highly aaline condi tions, posaibl aa a 

result of n uplift between t e el •ware B &in~ the o en sea to the 

aotltheas t w ich restricted t ount of water corning into t e ~ain. 

T e lnco 1n w ter barely kept pace with ev o · .tion, ,1th the reeult 

t thick serie of annydrlte beds, ·naccly t C stile fora tion, were 

-d do n until the" al:no:. t fil ec the Dela are aln. L ter ·.the aea 

overl pp d t e r e( e ostta of Uaestone but. still rem·.ined highlt a6.l.ine. ·· 

In 1 ere deposi t the thiok beds of lite ~akin u tn do. form".- · 

tion bichnow ext nd· beyon the De1 ere sin over l r ge rea in 

o the tern N w exico. The 6ucc eding ustl r for& •tion o .. ited 

under l sa line c n ition • 

A! tel" t l r time tb e r tr ut · outhward. epoaits wblch may 

have been laid down over the Rust er form tion prior to Pleistoe ne time •ere 

ero ed way t fore tbe Pl elutocene epoch, wh n the v lley 111 • deposited 

over uch of the re. The QUadalupe Mount•fns were formed • nd the Permi~n 

for t1 ns in .hi rea til ted erustward ot the tille tbe Roc y oun ina 

ere upl ifted. Tb ~ este p~rt of tbG reef limetitone is now axposed in 

La Bur~ers del Guad up • Younger Permian form tiona--the C stile, ado, 

nd Rustler--crop out t~ the east of tbe Barre~ in this locality, but 

o~t of the re 1 coYered by the Yalley fill. 
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At II Ttl VALL .~ nLL 

Nn\ure of the a uifer 

oat o the area disc~ased in tbi report is coTered by the valley 

fill of """ternary ge, llich utenda from La Ruert" on tbo north to 

Black River on the south t<nd f!'Oil the hills eaat of the & rre to the 

Pecos Ri••r (tlg.;z). The thickneas of the till ••riee greatly in ahort 

dtst ncee o lng to pronounced 1rrerularit1ee in th~ surface on which it 

was 'epos iteo caused by solution und collapse of the underlying rocks. 
I 

In th& inter tr a IU'e&a it appe rs to be generully only thin Teneer. 

In the o.re& be 
I 
en the &.rrers and Derk C nyon fe •ell ve been 

drille d no bccurate measurement of the tbickn••• of t oe fill cen be 

obtained but numerous expo~urea of· Permian .form tions lead to t.be 

conclu ion t t ~e fil l is here relotively thin. · In the diYid~ between 

D r k 'C&Jlyon wd C as Dnw in aec. l , T. 23 ., • 

sections t he north n east there is e proainent nob in 1rhich i BUll r:. 

of Pens16n ge 1 coYtored only by c. thin ·l ayer of 1 uT1um. The fill for 

tlome dist nee from this nob is probably thin ltho1gh th re are no wells 

to ho th t t hi 1 ao. The fill pp rently increases in bTer £8 thick-

n~aa e stward fro~ Oork C nyon to aaxi.um just seat of ~nd parallel to 

the Pecos River. 

The tbic eat part of ~e fill i D·un9er tn present rain ge ayatem. 

'!'be JRaxlawn kno n depth of the fill near the Pecos R1-.er is "06 feet in a 

•ell 1ft lee. 20 , T. . . s., • 27 ~· h1eh went tbrouah conglomerate into 

limestone at· this deptll. In La Huerta. the fill Yariea in thiokn ae in 

exia ing •ells from ao to. ll6 feet. A ell drill ed· in C~a Draw in aec. 

25, 'l'. 2.l ., 6· E. •mt thi'O\l&h a oonclomerate t 176 feet into 

.. 

.. 
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ltaeetooe. well drilled near D8rk. C·nyon in sec • .J , T. J ., R.t 26 E. 

went thtougb 6 oongloaer te · t 93 fe t into red beds. A w~ll t t he 

Carl d r B se ne r D~r . Canyon lr aec. 35 , T. 2:. S., R. ·.o .e. . 'P•ne-

tr ted valley fill to n depth of ~56 feet end another nearby reoched a .. 

depth of 26':1 feet but the lower 8 feet of red cl y in this hole NY be 

of Rustler ge. 

ThY !111 in mo t o1 the area io ~oqe up chiefly of buff to red cl~ya 

•ith lenses o congloaer te, grav~l, nd asnd •nd 18 s1•il&r to tbe quart•-

ose conglo'l<\erate of the Ro l:lwell b6s1n. According to well drillers the fi.1l 
. 

in this loc 11 t ; cb ngetj r npiclly in chnracter from lhce to pl ce. This lo 

cbDracteristlc of trcsm depos1 ts n the stre m channc a - hift r pldly and 

depo it different type~ ot mt ter1A1. Near D r C nyon the fill contG Lna 

beds o! bo lders nd pebbles, biefly li•e tone, fimly Sn< denaely ceaented 

by c l cite t o form limestone COD P.lomernte. Thee beds re es enti ·lly lie .. 

tone, nd they h~ ve no original orosity. !n ome loc lities solution 

c vit~e in t hese beds hnve furnished supplies of several hundred gollons. 

of w11t.;; 111inute w1 ttl i tie dr~• o~n. Drill cutting · f r om tbese con.: . 

glomer tes ~bow the varieg ted col r and tex ~ree of t eir com ;onent pebblea 

nd their JQS trix. In the absence of cuttings 1 t 11> fr.equentlv i.JB'posslble to 

tell from drillers! io.ga. whether the "lilll~etone• foun · in a well is one ot 
·. 

these :ua tema_ry cooglo11er tea or the liantone in the stler form. tio~. . . 
~0 tho eaat of the ~Tea studied in thiS report t he fill is made Up l~rgelJ 

of cl· a and find r ed saud, which L ~e aen n m d the Gntunk form tion by 

Lang_/. The Catuna · £orm tion ia the ·»aae age h S tbe quartaoae conglomerLte · 

. J bioaon, f. • and ng, • B., Geology t.md ground-•ater conditions of 
the Pecos. V 11 y in the v1c.1n1tT of LaBUJl.8. GrMde de l a · l, New alexlco, w1t.Q . 
speci 1 reference to the salt ccntent of the river watara N~w Mexico St te 
!qc. 12th d 13th BiepB+ ftept., pp. 4-35, 193~ , 



.. 

.. 

on the west ~ide of the Pecos in \hi ~ loc l tty. o11e J-ogs t · c;J.la· in 

111 es t of t he dYer ar e 11 t ed be ow. 
·, 

Rapurtf'd l og of B~llyer well,· • a:· Nlt' nee. " , T. ·., R. Z7 E. 

: ~em••• Depth 
; U:lct.l . 

''•a~> . 
• 

'11t, ~and , gr a•el •••••••••• • ••••••• : 50 a 50 
Conglomer t e •• • .•.•.•••.••••••.•.••. & 20 10 
f e1 0 cl y ••••••••••••••••••••••••• ' 1.0 a 110 ... nd (• t r) •••••••••••••••••••••••• ~ 15 I · 125 

' 
. • 

Repor t ed l og of lattbewa ell, SW! N t aec. ·~4, T. 22 &., R. 7 

' 
I 

1' Yel •••• ;· ••••••••••••• : 
te •••••••••••••••••••••••• a 

································' ongl oaer t e •••• • •• - •••••••••••••••• a 
Pi nr. cl Y•••••••••••••••······· ~ ····l 
Con l oOSlerat e ( nter>-··•••••••••••••' 

~ 

Reported log of lieneon well, s . 

i l t , ~ nd , gr (Yel •••••••••••••••••• a 
Conglomer t e ••••••••• :~ •••••••••••••' 
~oft con lome.ra-te ••••••••••••••••••• a 
Cavity or very loose e nd ( ater) ••• a 

... 

'Thtokneaa I Depth 
(fl•ill I 'f··~) I 

45 ' 45 
10 ' 55 
95 ' 150 

6 I 156 
. 39 ' 195 
ll . 206 . 

' 
aec • 17, '1'. 22 s., -R. 27 E. 

Thickness ' Oeptb 
(teet) I ( f eet) 

a 
:20 20 
50 70 

~ 10 0 
1{) 90 

16 

.. 
~ . 



Cl y •••.•• ~ ••.••.•...••••••• ~; ••••••• a 
Qn,yeJ. • . ~. • • • • •. • • • • • • • ~ .• • • • •-. • ~ • • • • • .a 

~ 

Pink eandy an · •················•••••' 
. Lilies tone oongloaer \e •••• •·•.• •••.••••• a 

· ( y, ter 5() CJia) . . . · I 

Congloaerat.e, .. dl,_ coarse liae- a 
stoae and .-tlioeou• pebble• w1 t.b ' 1 
occa•ional tracmenta ot 11P•1t.e ••• ~l 

Llaeatone coa&lo .. r~te, a.all a 
• I 

~ P•b~e•••••••••••••~·~·············• 
dODi1~er te, aediUil coariHt l1ae- 1 

etone 8ftd 1Uiceou1 pebbles witb a 1 
t~ fragaeta of rouaded r.-.orked a 
Qp~\1•• Incre •• of water l.95-215.a 

Jutt .aDd lawn-colored ola1•••••••••••* 
itsdiUil. coaree ' li•eatODe caaslaen.te., 1 

att· 'a s of f nwn-colored clay, & 

fragamte .ot typaua. · •••••••••••• • •• & • 
' Brie --red cley, . streAke of lichter a 

. clay, eoae fine 1r5vel embedded 1 
in 

I ' 10 
4 

)1 
102 
14 

5 

22 

I ' , 
I . 15 . 

19 ' 
so 

.. 1,2 
166 

195 

I 
t 

200 
•• 
I 
a 

' 215 
I 230 
I 

252 



.. 

: 

_Log of Well No. 3, A·rmy Air B.se, aec. J5 , T. ., • ~:.. • 
(Appr oxte tely 00 e t •est ot ell lo. ril er's log to 166 feet; 
lol( ed fro111 cuttings by J. P. Sai. th fro 166 to 56 faet.) 

Tb1cklleaa 
' (feet) 

• Soil •••••••••••••••••••••••••••••••• & 

G-re-Tel ••••••••••• ; •••••••• ~ ••••••••• :. 
Ptn sandy cl Y· ··············- ·····' 
Conglo erate { ' e p of a ter) •.•••.•• a 
Pink e nd1 shale ••••••.•••••••••••••• & 

H r d indur ted buff l i11ey r~d nd ·: 
f in gravel conglomerate •••••••••• : . 

Cong o111er te; m. trix ;rcllow 11.me- : 
s ton , ~ediu, co rae dolomitic nd: 
sillce u pebbles (weter et 1 & 

12 
68 
82 

2 
10 

J 

r eet) .••.••••••••....•••••••.••••• .; 16 
K6rd buff f t ne gr v~l d sond con- ' 

glqmcr te ••••••••••••••••••.•••••• a 7 
Rard 1ndurnted buff 11aey s nd •••••• : 10 

ediua co rse limestone coogloaer te: 5 
Buff, greftnioh, d pink calc~ reous : · 

shale with a fee ~ebbles nd ~ a 
few aandy amine ••••••••••••••••• ; 10 

Yery rd indur ted l1ae1 sand •••••• , 10 
edi~ co rse gr y and buff conglom-1 
er te. Incr se of water? •••••••• ; l 

Harrl fine-textured ruff con ·lo er~te; 11 

' 

. ' 

.. 

. . 
; 

: 

' ' , . 

' . • 
I 

, : 
: 
s 
I 

' 
' .. 
' ' : . • 

, . 

Depth 
(feet) 

12 
0 

16 
164 
174 

177 

193 

200 
1 "' 
15 

5 
J5 

• 45 
256 

. . 

1 a. 
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• , R. ~6 E. Drilled Log of Martin w ll in Sit sec. 25, T. ~ 
in June 1'141· Cased witb 0" c ain • l..ogged 
Geologic urv . 

ro cuttings by R. H. King, 

is sing • ...................••....... 1 

Gr ve , co~rse, poorly orted, o~- : 
posed o au b unded to well-
r un ed pebbles of liaestone nnd 
olomite, white, tan, iTey, und 

rn redoisb .•••.•. ....•.......••. : 
i s s ing . .•.............••.......•.•• , 

Cl v, t n, and gr val, derately 
well sorted, o tly Bub ngul r 
peb le~ of l imestone nd dolomite ,: 
hito to d rk gray •••••••••••••••• : 

Gr Tel, poor y oorted, com sed of 
peb 1 ~ of laes tone nnd dolo lte,: 
mostly •hite nd light gray , so•• ' 
t n na dt rk r y, tree of red­
diab, os tly sabroUDded ••••••••••• : 

1an1ng ••••••••••••••••••••••••••••. z 
Crsv~l, poorly sorted, composed of 

li11estone nd olo:~~i te pebbles, 
11 e t dar gr y, nome ttan, •ub-: 

roun~ed to well-rounded •••••••.••• ~ 
Cl y , light tan, very c lcareous, 

nd gr 1vel, o in prece 1ng am-
ples ••••••••••••••••••.••••••••••• , 
sing •••••.••••••••••••••••••••••• & 

like 111 teri l betwee 70 snd s 
feet ••••••••••••••••••••••••••• : 

Conglomerate, l l estone na aolomite1 
pebble 5 in preceding sa .· lea, : 

· ~ by pin ish calc reoua : 
cementing materi 1 •••••••••••••••• & 
me, very little we c ~e 1 ing 
~aterinl; virtually e gr vel •••••• z 
a~e , but conside bl t an cl yey : 

c l c r ou co ~nt1ni a terial ••••• : 
r. e, ground very floe , r~d cont~in-& 
ing some cryatclllne c l cite end : 
o e qu rtz, in cryeta l and & 

1 r to •ell-rounded gr in~ •••• l 
e, fairly nuaeroua quarts cr~ins.: 

Thiclme a 
(feet) 

10 

l. 
l:J 

5 

5? 
15 

15 

10 
10 

5 

5 

5 

15 

5 
5 

' ., .. 
: 
: . • 

. • . • 

' ' 

. • 

a 

Depth 
(feet) 

10 

35 

40? 
55 

70 

80 
90 

95 

100 

105 

120 

125 
130 

.. 

. ~ 
1 



Thickneaa 
: (teet.) 

Congloaer te, very pqorly sorted, 
firmly c~entcd, consisting ot . 
pebbles of ll~e tone r nc d lomite,: 
ee 1ngly rounded to •ell-rounded ,, 

white, u.:.n, cr y, piuia.b, light 
bro110, nd yello•lab; oae uarta : 
in cryat le and engul ·r to well- I • 

rounded grains; ome cBlc1te •••••• , 
Clsy, brown; o&e cong1oaer~te, .aa a 

in preceding t»uplea •••••••.••••••• : 
To l depth· 140 feet ' 

5 

5 

Lo& ot · lerchaDt Well 
Sec. JO, T. 2 S., R. 27 • 

,, 
Soil •••••••••• • • • • • • · • • • • • • • • • • • • • • • ' 
GraYel ............................... : 
Cl y, yello •••••••••••••••••••••••• : 
Cl y, red·, a andy •••••••••••••••••••• : 
Congloaerste, {liaestone) wat.er - : 

e sed off ••••••••••••••••••••••••• & 
CJ.. y, red •••••••••••.••••••••••••••• : 
L~e~tone (congloaer te?) •••.•..•••• , 

' and •••••••••••••••••••••••••••••••• 1 

Liee~tone, broken up , (c~ngloaer- • 
ate?) (w&ter) ••••.••.••••••••••••• ; 

5 
15 
70 
sa 
12 
10 

7 
6 

Log of Goat Ropers 
·ec. , T. 22 ., 

lub ell 
• 27 .E. 

. . 

11 ••••••• ~ ••.•••••••••••••••• ; ••••• : 
CraYel~······•••••••••••••••••••••••a 
Congloaer te, 11ae&tone, yello~ ••••• r 
Cl 1, yellow •••.••••••••••••••••• ~ ••• & 

~and, .nite (••~•r) ••••••••••••••.•• , 
Clay end broken-up aeterisl ••••••••• & 
Cong1oaernte, liae•tone (water) ••••• a 

• & 

'fhicknesa 
(feet) 

5 
50 
18 
31 
10 
40 .... · )() . 

& 

: . • . . 

' 
' 

5 
20, 
90 · 

148 

160 
170 
177 
183 

207 

; Deptb 
a (feet) 
: 
I 5 
a ~5 
& 7J 
' 110 
' 120 
' 160 
' 190 
' 

20 
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· Tbe til ia e pped by caliche lon the slopes of the v l OT just 

e t of the Barrer nnd in remmmt of en old terrGce that occurs tbrougb-

out the v lley. Ea t and south of the Ocotillo Htl s the c -liche 1& fro~ 

~J to 15 feet thic end rests in o~ pl ceD 1 ectly on the fi and in 

otbars on the C rlsbnd limestone. 

ter occur 1n t congloaer te , s&ndu ~ grnYel6 nd is ound in 

t.he deep fll JB.Cen he ecoa 1 Yer n<i the deeper p rt of tbe fill in 

C as Dr • and D r nyon. Ei e•her~ the fill doee not exten~ deep enough 

to intersect t w tor bl • Ground ater pro bly enters tht: fill from 

th . rls d lime tone t th west nd from p rts or th~ Rustler formotion 

belo . . o.JUrf ce ter enter +b fill by seep ge of flood ter• i .n D 1'~ 

c nyon and by seep ge from th c&nt:.ls nd i rrig ted l'lnde in t.h " rea. 

TI1e u l i ~.Y of uter v rica fro pl c to pla~ epen lng on its 

ourc • It i t r f ore desir bl to di cuss eter in the ~ r lley fill 

under t r Q heud n {l) t et een the ··outhern C >nul ,n tn Pecos 

d v r f r Ct r l ·bl;td t o Bl ck Riv r, (2) t t in tbe fill in LG. Huert , 

d (3) tn t est of t. e out hem .n 

.:Glslel.~ ater betwe n tb., 'outhern C nel nd the 
.Peco i er 

The re from Cnrl ~d sout l ck R1 ver nd between the < o t ern 

Centt l f~n . the Pecos River include~ the Jor p~:.rt df tie f r l de in the .. 

Carlsbad Irrigs Lion t stric~, nod h& no irrlgation wells 8re needed, all 

of the wells Pre dug or dr'lle to obt in ~eter for s toc or dome tic use. 

The du ells ~ re &eneralLy ro 15 to 5 feet dee nd the drilled well• 

!rom :1-8 to 45 feet. A re well& hlive been drilled 100 or more 1'eet deep · 

1 the search for ood ter. T 1 •e.ter t~ble is fro_ 5 to .35 feet below 

.· 



be genert1l land aurfAc nod a~opea from the outbern Canal to the Pecoa 

River. (See fig. 2 • ) Tbe water ble in the southern part of the area 

slopes froa 15 to 5 f et to t.be aile, rli in the norill ern part- bout 10 

feet to tb8 aile. 

As shown J:.,y table 4 in the ap endix, ~· water· levels in the wells . in 

t b.ls fir a rise r.lcedly 1n ~Wil4er, durioc. th~ irrig tion eeaaon, . and· fall 

during tb winter, h- the irrigu. tioo c nal re dry. !t is eTiaent tnat 

the canal los•e~ and the return of water from the irrig ted farmlands are 

the source~ o£ l arae part of the water found in the valley fill in this 

are • Very little ater ppeara 'to be aoving iDto the are-&. troa .. _.at (If 

the Southern Cnnal. 

22 

The qu ity of water in tbe 11ll in this u·• reflt~cta the character 

of the irrig tioo water upplied to the Cfirlabcid Irrlg •tion Dbtrlct. As 

the soil is ypaiferou and con ina other soluble miner la, the mineral 

coat nt of the ~round eter obt&ined fro• ba 'lo~ ~ lls 18 aoaewnst h16 her 

;in geoer .l than t t of the clr -&dy hi ly miner l ized lrrig tion water 

eup~lied t o th6 di t rict. It is i~pot ble, bu of n eaasity it i e used to 

·a.ter toe · . A ' better ua.lit;t' of weter is o ined frog_s well 2J . ' S.l5.l3l, 

wbiob has the !ir&t water eeled oti , but e•en this lo· r ater is too 

hlibly lne.r 11Jed to bo fiult ttble for drinkin • Th1a better qutlity of 

water indic tea tbat EJoae ater i s orlng 1n from west of the Clf~;Labad 

Oaaal. A t nbl 3how1na th ua11ty of wnter o 1Ded troa various wells 

in · the rea ·is given in the appendix. 
.· 



.. 
ater in the till in L6 HUeTta 

The Eastern C na1 borders L Huerta on th north, nnd ~t•r seAplng 

froa it nd from tbe irrig ted lan a down to t •~ter t&ble ren er the 

s~.llo ground water in tbl& locality impotable. Also ground ter 

r~ba ly move a i'rom Lake Avalon through the fl.ll a terl 1 in La !Nerte. 

Deep r ell in the rea pro bly paso out of th fill into gypsua and red 

beds in the Rustler fo~tlon. Tb slop6 of tho ater t :bl is from north 

to ou h. The de h to water below the l nd uur! ce ia between 11 and 35 

fe t. 

A t ble i.n t e pptmdlx gives the an lyses of the .. uter 1-ound in 

variou well not deriving water from the Corlab d lim~ston • The bater 

folllld in the fil i liibtly 110re tnerali'ed than tho 1rrig tion •ater 

tlaec! 1n La Huerta. Th water from well 1. 7. )0.)22 has bout the aqe 

sul9hste content ae + £ ·ater from other wells in L Huerta but ia lo 

in ctuoride. This ~ter i n different in t1pe froa th can · l ater ~nd 

p obcbly s 811other source. 

ter in the fill west of the outnern Canal 

· oat of the 1falls drilled in tb v&ll y ill est of the southern 

c M el re loc eel in a r atber ~ ll r 6 froa to 5 mile~ south of 

C rl&be.d. They u.y be di~id11td into two uoupa: (l) those •1 thin mile 

of Dark C4nycm bicb have been drilled for doaastic purpoa6$ 8.1'1 • wrhioh 

yield a calpiua b1carbon~te w~ter with l i ttl other sinerel-~tlon and 

(2) those neor 'the C nel wblcb baYe been dri·led for irrig~ ion a . ell 

•s doaeatic purpo ea and yield hi&bly ~erali ed water npproacbin& the 

chAr cter of the ~ter at of the 

23 
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Tb 1fe.L1s ne r th ~ot1tbarn nal r• from 60 to ov r 0 f et deep 

nod deriv w ter fro~ con lomeratic or ~andy z~ee in the !lll. The ter 

gener 111 rl ea in th ole fter bein etruck b,y the drill but the ••t r 

level in ll walla, ee nd ahallo e , st nd t bout the saae lo 1 

1 v~l, lndic ~ing ca.aon origin ror al the ater. The wells near ark 

Canyon obtAin • ter .frort solution_ pe.saaaea 1D denee liaestone conglomer tee 
. . 

at deptlis of froa 150 to :2~ feet . The depths to · uitera~ ln thU area 

very widely in h~rt diatrnces doe to &brupt dietortion of ' the v~lley fill 

c u ·ed by ool t1 n and collApse in the underlying Permian beda. 

The :1lo e of the ater ble near the ou bern C al (fi-g. 2) ia f'roa 

e st to west. In 'eptcaber .L939 the w ter 1 vel n ••ll • . 7 .l:) .44J., 00 

feet outh est or th e&n , •ns t n ltitude of 3,0?6. feet; and 1n 

wel 2" .:n .19 . ;.I-, ,o fe t. t the Houthwe t '<long tbE: . ame line, the 

water l"el wt~.s 11t n &itttu e of ) , 95 . 06 feet . Thi condi.tlon prooobly 

esl ts long the entire len th of the c nal. £oae ilea weot o the canal· 

tbe tar tabl.e slopes l eDt'ly from •••t to e at. Tbu , there is n s e llo• 

trough in the water table ~s.rall ling t c nal 911 the est down whic the 

water !rom the west ten a to move south. Ho· ev r, u & water of better · 

qu5l1ty than CAnal ater •a• encountered 1n well 2J . 8•15. Jl, east of the ... 
outhem C~, some- of tbe •ater wat move to tbe e ~st throu h ac;uifera 

ill the fill Hp&r ted fro t -upper water_ b-J confining · ds o . olay. 

Tb• •ater obt inea !rca ella ne r the .:>outhern Ca.na contuins 

tYl)icall.y trOlll 1000 th l~ part per million sulp te and from 400 to 900 

part11 ch oriae. TIM . ter ia bard rmd cmerally nearly i~pot ble •ltbougb 

•bout lf of the persona in the localitr . ot neceaaitt driB the· ater. 

.. 



deepest all, ell ~. 7. : .lJJ , drilled 2o6 teet deep, yield.e w11ter or 

only About h l! the adner llu:tlon of th<t otl1 lj snello &Jj wel • This ~ 

••ter is tnt rmediute in ch acter between tb t or t he ah llower wells 

in tho -.ictni t y t.nd t 0 tbe •ells near De. . c nyon a.nd aee:ss to 

i ndio te that t. bett r water !rom tbe weat. may be preaent a t depth 1n 

t hi s l ocal! y l t Ui ' aclaixed wit l the highly miner l bed sn llower 

ter. 

The ~at rob ined from wells in the • l ley fill ne ·r Dar k C nyon 1& 

c.Uci 111 bicu..rbon te ater, cont&lning very little ~ulpb te, chloride, or 

sodiua. It 1 y f r t he beat w ter obt lnable in the vicinity of C rlsbed. 

Its u lity eterior t ea pi dl t wt tr di•t nee from Dark C nyon. The •ell 

neares t the C n1on, e.ll . • 26.)!. . 20 , originBlly drille.d. tor the City 

Airport, y1 l d water containing on y 5 parts per ~11 fon l orir e nd 42 

p rts _ulph te. ell 22 . ~7. )0 . 13 , ·bout 1-1/4 ~ilea northeast of the 

J.irport ell and a l it e over b l e fro D it Canyon, 1lelds wat.er con-

t ainin 79 p rta chloride nod 345 p rt~ ~u1pbf, te. Interven1n lla bow 

at ady lncrcae tn chlor1d 

l e tter well . 

sulp~ te froa the Ai ort t o the 

Tbe w t r JA tbb ! i l l a v1dently t o ourcea. o~r Crulyan ln 

flood contrt butea water long tt courae ~t t e ••~te edge of' the •· 

llt.t~U • !tda t r fi0Ye8 &t to th YiCihi t of t.be C Dttl •h l' 1 t i e 

j oin - hi ghly iner l1eed canal leak g 6Dd 1rr1g tion T t urn. The 

.r p1d ftddltion of chloride and su.lpbBtea s t he t er ~Yes e~e t ard 

f:-o;n r iC CAnyon whi e still t1to lles dl~t nt fro 1rrig ted landa 

n r the C nal JJ y be due to aolutioo of gypsUJ: nnd .s alt. in tbe under­

lying Ru tler t o t1on. HoweTer, 1 t appears ore probe.bly to be due 

. •. 

I * 
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. . 
to edaixtare of 1rr1 t.toa ··tel\ oYiD up the dip of tb6 beda in tlM 

tU.luY1ua fro. tntt rlciDi \1 o't Uut 0 n" l• The w ter t ble ·1a nrr tl t 
~ I • • 

troa tbe Airport to the Yio1D1ty ot \be C D 1 and b a a eastward alope 

1D. the ~icinity ot the C .U~ lUI. Cn,YOD flows onlT llltenaiti.tly and 

t07 loa& perioda there 1 pro bly no recbarle t,c, the f111 &1 lt.a 

course. It 1i probe:bl.e that. .tJle blpl.y •1n.en.l1ied at.er der1Yed ..fica 

1rri t1on .oYe~ •••t•ard LD t~••• ot 4rougbt, per~pa d1spl ctn1 

rresber Qt.er 11e r t.ba, weatem ~~· or t.be &lJ.uYi.ua to t!'• south. In 
' 

till•• of flood 1D Dai"k .. C&n1QD the h11Jl1.1 a1DeraJ.1zed water probe~ . ... . 
· reti'Mta uatward, di placed by tbe blotter 11 ter added q, the tloed. · 

· Tb\a ebitt ot tlle boundary bet een t.h!t two t,n;ee 'Of water proba.bly 

' 

c ~ee lnteraJ.nallll& aDd ct•e• riae to I narrow tranai tioual aaa• 1D ... . 

bleb the ob . racter of the ••ter cbaDi•• r pldly. It 1a eY1d•t tbat 

l r.&e denlopa•t• o thia better water Mar Dllrk ~n100 CflDAOt be uhder­

ttrk•· w1 tbout the r1s of cirawln& 1D the hichlJ ainer Uzed ater l711IC 

to the e: at. 

Tbore ere six 1rr1pt1oil 6Us der1Ying water trda tbe v~ l ey 1'1 1 

D r t .he Sou:tbem C n 1. Th •• "Nlla tw.Ye much .smaller 7ielaa th~D t.be · 

1rr1a 1 n well• 4er.1vln· •ater 1'1'011 ttl Oerl ·ba4 liae toao • . 
in& 'telble lists tbe. •ialia der!Ying' water. !J"M the ' lley 1:111 aGel liYel 

the eeti · teeS aount of •ater puaped tWl~l7 '- tbeae 11ella. !he du\~ 

of water • e bnaed upon tb · faner• cs ••t.i t•• !~ 9U1 ·be Getn froc the 

t..bl..,, t.tae totaJ,. U011Dt. of water puaped t'roe tbe til 1a s.,uJ. d ouata 
. . ' 

to al1 aera« diach r«• ot Olll7 aboMt 1.4 aeeoad-!ee~. :.· larae part ot tnla . ' 

• nter pro 11.1 or1&1Dt tee a, aee c• t'I'Oa the Soutbem CaaaaJ:. !he •7M7er . 
~ . ., . 

. ' 



22.27.l7.13l 
22 .. 27.20 . 
22.27.-20 .• 14) 
2 . :z7.2Cj .43l 

. 2).27 .4.333 
2~ . 27.9 

Owner 

.. 
D. w. BaaaOD 
leal 6.114 !alCSoa 
G!b&oa 
J. c. 'ficS ell 

11adel 

600' 
600 
675 
900 

1,.200 
~ 



In order to obtuin ome id o th6 e se wit~ . ~cb qui ers in the 

., lley fi.~.l yield w4ter, two puapin teats ere Ill! de on well 2:> . 1. o. 43b, 

one of t e l rgest ells dro~ing water from the vlU.l '.1 fill. This -.ell 

" drilled 12? et de p nd c sed wit -inch ca ing to ~ dept• of 119 

feet. Th at r comes from andy co~ lomer te aquifer ~ t e th of 

bet•een 11 nnd l 7 reet. A Ford V- ~ ine )0 red by natur 1 ~s 

driYes · Poaon turbine .p y me or a V-belt ay~tem. 

The first pu ping t st w a de on March 26, l 40 . t tha t time the 

ter wns diach rged into a r ct ngul r aton&-masonry ditch. The st&tlc 

wcter-1 vel mee.surel\\61\t "ft&S ttJ en o t tbe ump etsrte at 9 &00 .m. During 

the p p1.n g period fre ·uent m aurements of tne iscb rge into the uaonry 

di tch ere at de b tr.e i d of a current meter. No drawl o 11 usuremonts 

could be Ill de . Meesurecr.ent of' t1e r te of recovery ere d on tlle 

Y. ter level in the well for short perio fter the ell wnB shut down 

t 3&5 p. m. 

Th coeff1ctcnt of trr. nsmissibilitJ , h cb expresses the e se of 

move ent ~f • ter 1u M uifer and i s d6fined ! the nwaber of g lions 

ot • ter Uuit i l l move in one dlli through u vertical strip of the 

aquifer 1 foot wlde under a unit hydr•tulic rt~dient, can be determined 
' . 

under prope.r experi'len ~ cohdl tiona fro - t e r te of recovery of tho tw ter 

l.evel in 11 that h s been pu ped. The ormul is a follows -_/: 

iesoaet.ric sur­
ge of well using groun -water 

.. 

toruge! Apn. feeting •. p. 52 • 1935. 
~~~~~~~--~--~--~----~~----_.~--~~~~~~~--~~----- .. 



! • (264 <.Cit•) loc ( tv'~· ) 

'f le · the coef!icl~t or trnc:W.a~1b1lit7 ° 

1• tbe r te -of' pwaplD& in ccUOila a lnut.e ' 
t i s the tiee lnH pueP1Di i tartec1. 

0 t• is the- t 1cae s ince pUIIping etopp.,S 
, · f' 1o t .''le residual dr,awdowm in feet 

fteco•ery ~e4Sureee ta aaa calcul tioae 
for •~l 22• ,.20.143, March 26, 1940 

Tiae puapi.Dg' sts rtAd.l 9&00 •• • Pumnin& r nte, aal l ona lS :ainUtfl 67')0 
T1~e p· p1ng s topped& 3&55 p.a . Depth t o et.t1c ater oleYel, ~eeta 50.02 ° 

4•03 p . ll. 

4&05 

4al0 

4&15 

4& 20 

4& 2~ 

, ' 4&30 

4&)5 

4,40 
' 4a45 

5~05 

a Depth to a Tilae eiDce 1 T1ae alnce a 
• ater, fe t:pU8piDg atarted (t)apwap~ o eto~r>ed · (t1)a 
: 1 (a1putee) (ainytej) a 

5).2) 423 a 

52.91. 425 10 

52.65 430 15 

52.42 4.35 20 

52 .19 440 2S. 
,. 

5 .o 445 )0 

5l.S4 450 35 

51.70 455 IIJ' 

tf-
i 

21.7' . 

. 17.60 

51.58 460 4')· . 10.2~ 

:s1.~ · 465 50 

51. 5. 4 5 .. 70 

Acco~g to tbe foi'Dil 1! the lo& ot t/t' 1a plotted .ss . iDat ibe . 

n ter lwal. ' ill t n well, tne poJ.Dte abould tall: 1D e. at ralibt litle, tiAd 
I o• 
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t e sl ope of t ine , together wit t he pu!t in I'&te, shou1 indicat e tile 

tr smis~ib1- 1ty of the form .tion. The coeffi cient of tran&misslbility 

obt ioed from at irom the pum ing test on Marcl .6 • e ~6,100 . 

A secon p ing test wa ~gun on weptember 15 , 1 ~~' in order to 

check the results of the first pumping test ae the recovery measuraente 

• ere for suc a Gbort period t hat the conclusions mi&llt. well be in error. 

At the t.l.JIIe of the second pwaping teat. the water as diecb r1ed into a 

circular tank 115 feet in di aeter nd 6 feet high. Tne et atlc ~ater-1evel 

a ssur nt s mr.de en t he p~ started t 6&13 .• m. The r te of rl e 

or the ~· ter in the tank ·as meRsured !or soae time before the ater wsa 
.. 

re eased from the t n~t ln ort~er to obt- in t he di ec rge r ete. Tbe pump 

• e shut do•n et 6:18 .m., September 16, 1941. Recovery men sure~enta •ere 

made until 9 : 30 •• , September 17, 1941. In addition to ~ater-1cve1 

me surements , veri tions in atmospheric pres ure were me sur d by an 

aneroi d berooeter. 

The b&ro~etric efficiency of the well appeared ~ be ~ut 100 percent 

for the ti~e of the pumping teat. All of the water-level aeasurementl were 

corrected for b rometric . reosure effects . Figul~e .3 i s a r ecovet">" curve 

in ~) lcb the corrected de th to water is l otted inat the l o of t/t•: 

The pumping r te n.s determined to be 515 gallona · a minute. The 

r t1o, (log t / t•)/v' i u represented by the !lope o the recovery curve, 

f~gure 3. Using the lnterv .1 between log ( t/t• =1 .... t~.n 100 , the v lue 

f or the r a tio (log tlt' )/v' lf~B determined to be 1/ .23. Tbe trMsmi sai­

bility aa then calculated to be ,c;oo . 

Figure J . 
Sep. 16 - 7 , 

. . 

level t .~:tar 
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·ells U-pping solution pa sages 1n the dense limestone conglomer tee 

ne r Our Canyon re very productive. ring a ~4-hour pum i ng test, well 

2~ . 26 . 3 5 .220 at the irport prod~tced 60:> 6nllona e minute 1dtn dr wdc'lrll 
. 

of l .75 f eet. A in wells pplng ·o1 ttion a,esages in the lille&tone 

1n the Rotswell tlaain, he dra•down in t i s t1 l wa no t directly propor-

tloo&l to the pu pin r te. t pur. in · r tes of 300 , 400, and )00 1~ona 

a ~lnute the resp ctive r wdowns d 7.6 feet. The 

dl c rge in gallons a inute a e~ual t o lJ tiae tha drhwdown ln feet 
• 29 

to the • '29 power ( ~- 1J6D.. , tn 11hich is til disc rge in gallons 

a minute and D 1~ the dr wdo•n in feet). As far e ·could be tol by 

•e~aureaents de ith 6 0 airline the ·~ter level returned instnnt neously 

to it5 origin~l position when p~ping c sed. 

T II Ttl CA 

N~tu~a of th o~uifer 

The C&rls d l~eeatone ls expo~ed in end utende ovE:r ll of La 
'' 

Bsrrere del Gu d '"'upe, the O~otillo liills, d m ller hills farther nortJ • 

Re r t he mn~ in of the Deln•are ~ in, bene tb the surtece in the area 

cons ider d in i r eport, it lnterfin ·ers "ith nn<i ov e.rl 

a a~iYP. C~pitbn lime tone nich l n turn gr es belo the urf&ce into t e 

Delewue Woun in group. In. e nortbet:lY direction, aw y frolll the Del "Ei re 

beatn, the Carlsbad limeetone gr des into . the upper ,port of the Chal Bluff 

f ormetion except f or one per ititent tongue, t e Amotea tongu _/ of the 

J Leng, .B., The Permian ror :. tions of tbe Pecos V llet of 11-. exico 
nnd Tf;P•' Am. asoc. Petrolewn Geolog1sy Bull,; vol, 21, o. 868, 1937. 

Carl bed, bich eJttends fo.r aoa~e ail •e into tlle back-reef area. . . 

.. 
,. 

I 
I 



. . 
• · The. Cerl~bad lfaeatone ia well bedded, f ature ttwt diet.inguia .. 

• 
lt 'from the C pitan liaeeton • Weat of Carls d tbe beets rang• froa a · 

b8lf inch to 1 foot in thitlcnaaa. Here the li.a atone is f'1De-gro.ined 

nnd dolomitic. Farther- to the south, in. the Dark Cenyon esion, tbe 
. ' 

li111eetone is buff -colored, co rae-gr ined 1 nd 111ore •~oi ve in N> euttnee • 
. ~ 

The Cbblk Bluff fo~tion 1~ a ade up· for the most .~rt of gypsum and 
. 

red beds but cont lns soae per latent a~dy ~ones .that fora useful marker 

' beds. · One of the aost persistent and extensive sondcstone baas is the 

ueen so.ndstonc meebor, wbich extends lnto tbe Guadalupe Mountr.ina proper . ~ .· 
and aep rates the Carl bed liaeatone f~oa the Qo lt 'eep llgeatone (Dog 

Cnnyon li111estone of fonle:r reports), w· ich i the ~uivtil,.nt o the lo•8'r 

p rt of the Chal Bluff. 

Part of the r iDfoJ. l and nur.L oe dre.in c• in the Gu dnlupe ountaina 

ercol tea down• rd into the C rlabc.d limestone, which is ell expo ed in 

the Gu d upe ount ina rop r. ter aoves ti s t ward in the numerous 

cnann 1 developed in the li•estone. It lti possible also t t oae .&ter 

y move into _the Cerlabed liaeut.Gne fr0t1 the " ueen 6Md tone. This ter 

in p &31ng out of tbe limestone rech rgea tb a uifers in the Castile nod 

~stlcr fo • tiona and p rts of the v lley fill. A p~ t o the r in~all 

_ y lao porcol' te downword in tht: fill 1n the r k C nyon dr inuge a~e 

and mo~e through tbe .fill eastward nd rechorge aquif•rs in th& ae.e 

nner a the w ter 111 the li .. stone. ater o~cnrtlng in the liiaeatone . 
' 

nd the fiU in Car k Cfl nyon is usually rd w .t, not othe.r.wi&e lli&blt 

~.· 



Or cureace of water 

lfpst of the wells der1Ying water fro the Oarlabe.d l~atone are 

loca.ted in est C rlabad, a COaUnity )uat ee.at of t.lle Ooo~Uo IUlla 
. . 

(fig. 2 ). Doaee~tic wells, usually drilled froe 6~ to'" 115 feet. deep, 
. 

4· eocoun~er tbe 11Reatone !~• 15 to 50 feet belo the surface~ tbe 

a ter is found under slight preaaure ~ti:ld ri••• froa l O to 15 fe,t ill 

.• the wells. The nuaeroua well drilled in this locaU. ty to tbe aue 

) 

rel tive dept~ indicate t. e presence of a sone' of cons1~erable porosity 

in the liaoatone,. Other doaeatic ~ Us der1Yi.Dg wat.r !to• the llaeatone-

are l_ocnted 1n a coamunity two ailes aouth of hat Carlsbad nnd ecc:oun-

tel" wa er un er condi • ~,ons siail r to those in eat Carl:; bid. Although 

most of the welll in and n•r e~~Jt Carlsbad ore ri led t.o the nt.r-

be ring bed occurri~g between 5.0 and 115 feet belo the aurfnce, there 11 

evidence t h t there are other • ter-bearing be<le below t is one. An oil 

test well, ·now uaed as irrig tlon well, locnted in sec. ; , T. 22 ~~, 

R. 26 E. encountered a secon • ter t b depth of )2 f-eet in 6. caYity 

25 feet :eep. The nter rosa 1n the ell to ~ppr-oxuiately the e me 

level s s the first ater. One ot the ••llo fwrn l hin the city supply, 

locet&d long the out.hern Can~l on the west side of C rlebad, tient 

tbrou b the first water horia?n 1o the ~1aestooe at 120 f eet, a second at 

15~ f~t, .and .a tll1rd at 19.2 fHt. ltea.r La Huerta, just north of C&trlabtu:l, 

the ~iaeatone 1n erfingera with t he Chalk Blu.f~ foraati~n, and wells 

drilled in this locality_ ve W.t these liaeetone fing•r• tot depths of 

8.) f eet, 180 feet, snd .3 ~ 0 feet, obt ining •ater at euch of tbeae · 

lnels. · 



. . . 
All (;r taae .•,.ello clrilled 1Dt.o tu O.rl1bacl u.ae~• ~ GOAtiDIMl to 

. .._ ... - . 
... • lt' .. ; • .. .. ' • • . ' 

a· rather · a~ atJ!ip a1eg \lWt ..e t edp ot tbe Barrera aacl ~ .. aoc1•t.M · "-: 
I • ' • • ._ v ' ""' ~ • • • I • 

• 0 .. ~~ ' " .... 

bi:U. to ,tbt ~ortb. Tbia lialted e.r.. o! develop~~,eat la oaDtroUed - tbe • -
f ... 4 • > ,.. • ~ • . . . 

•eoloJio ,u-uot~re tor tne u ... ~tODe di~ aearply ,..a to · the •alleY · -.ict . . . 
lthili a abort cliatanc~ 11 so qeepq · ""rie'a ~t the doa~ ot drUllDI to · 

• • 9 • • . . ,,.. 
it le a•enllJ {)rob,1bit1ve. One of tbe dMper . well ... dtir1Ylq water t~ , 

' r ' •• ' ~ • " ' . 
tbe .liaeatone, located iD . • 'eo. Jl, T. 21 8., lt. ·27 E., . ~ . 
llaeataae a~ a depth ot ' )OO feet. 

The piUOIIetric aurtaoe,· t.b&t la, the i.a&sinary aurtace abOrillc tb. 

1 ... 1 to wb~cb. the •ater .will rile 1n ••lla . tappiac a aODtfDed or are.i~an 
;,. .. . . . ~. 

. . 
~uifer, alopel i~tl7 froa "we.J't t o ee.at 1D the •1c1Dl"t7 ot leat Carla cle 

I • 

·(se.- f1&. 2.) !he aaot llhupe o~ the pieaoliet.ric aurtaoe coUld bC?t -~~ ... 
I 

detera1n~ becauae •oat oi' tbe weUa . tappi'DC the ~uit•r are '1004ted. al.oaa · 
. . .. . 

the •trike o!' the aurt~oe. The cantle elope of "the · pieaoaetric aweti.ce, . 

tocether with. the I'N\llta of the pwapinc teat cliaouaaed oa ~~~ 4tJ ~-· · . . 
' 

c~tao that water IICYfel . freely tbroUcb tbe aqui!•r• 

· · Irriaation md 8Uil~Va1 uae . ' . 
... ~ 'I • 

The four wells • cicu f\lmiahed water to tbe. city ot Carl•be.4 1D 1-9)9 · 
. ' 

•ere loc-.t ed near tbe Soutbem Cual on tbe ... t ~ide of ·Carl•t:ad• · (~ee . .., 

fig. 4.) TMeae w.Ua were fro. i5Q t.o 237 tHt cteep anci der1Yed water. troa .· . , 
' •' 

tb1 . CQ"l.bad' l{~eiS~8e I fAe CO.lruled OUtput Q( ~.e .elJ.i ' ltl l'9J9 WU • 
"' t a. ... • • •• ~· . . . ' 

r&bout 2,0JO pl~C.a t. mJaute, tbe l&raeet we3:-1 biiDg puaped at the nt~ 

,-; ·• · 4pl &~t· 850 ,.:Uau 1.' ai.Dut,e, All the JJUPJ were AriYen dir.ec\l7. )»7 
• It .. ~ • • • -., 



. ' 

'" lo .. • ~ .. 
....... , . . . 

· Arter t~~ uin body ot dat. for tbla i'e~rt we.a a aeableci ill l'9)9. 
•. 

'r ~4 .. 1940 the C1 t,. .or Carla bad purchaaed the ,at r ayatea uacl extended it. · . . . 

.. 
d1acuaaed in tbe repOrt, b&Ye been fUl.cl AlleS otber wella 4rlll.S. . . . 
DMt Hl).a, loa. 61 7, ADd 8, ue alao UoWD . . . 
w.Ua produoinc in 1945 are giYeD below. 

' 
I 

·· DrUler•·a lo of' Well lo.- 4, C1ty ot Carl.a~d. 
12-iDoh caaiDC to depth ot 116 teet : ) 

• Surtaoa conclo .. rate •••••••••••••••• a 
Gra7 11P•ua ••••••••••••••••••••••••• a 
tellow · • (Good wat•r tlow) ••••••• a 
Gr&y • ( ter) ••••••••••••••••• a 
Saadetooe ••••••• ~ ••••••••••••••••••• a 
tallow aua ••••• ~ ••••••••••••••••• a 
Gr 1 aholtt •••••••••• ~ ••••••••••••••• a 
Gray gyp~ •••••• • ••••••• ~ •••••••••• a 
Gra1 aandatoDe - oda (i.e. alkali) a 
~. water •••••••••• •••••••••••••••••• ' 
Gtpsua and lbale~ ••••••••••••••••••• a 
Hart1 111uatoODe (bottom of cas iDe) ••• a 
~ott lt.eatane •••• ~········~········' 
Shhle ·dd ·lla atODe - Soae aoda a 

w&·ter •••••••• , •••••••••••••••••••• 1 

Blul l1ae•~• - Good !low of ~~t r.a 
!ellow • " " " " " • a 
Blue liaeatoae •••••••••••••••••••••• t 

,2 
2~ 
10 
'16 

5 
4 

l3 
. 4 

18 
ll 
·e 

4 .. 

Driller'• lQg of Well No. 6, Cit¥ of Carla'bed , 
c tna aet at 120 feet,) 

Dept.b 
<t•u> 
. 2 

27 
71 

. 53 
58 
6:2 ,, 
79 

97. 
10 
ll6 
120 

151 
193 
225 
233 

( D,rill~ ~eaber 19.42; 
' 



I 

oand aad 11ae rook. a 
ater et 70 feet 1D eu-d ••.••••••• a 

Liae. rock ••••••••••••• , • -. ••••••.••••• a 
Shill e.-. ••••.•••••••••••••• ~ ••••••• · •• ·• 
S~d ••••••••••••••••••• • •••••••• • • • .a 
Llae rock •••• · ••••••••••••••••••••••• , 

32 
lO 

' 25 
13 

' 
' 70 
t 80 
I 85 
I uo 

• I l2' : 1~8 
I 

Dri er•a lo of el No. 1, Oi~y of C rlsbad. (C~slng set ·t ll8 !e t.) 

I 

C 11cbe ••••••• , ····'·················' 
Clay· nd gr vel • •••••••.•••••••••••• ' 
Boulder• .•••.••••.•.•..••••••••••••• : 
Gavel ~d uand ••••••••••••••••••••• , 
t8Uo C!-..1 y ••••••••••••••••• . • ••••••• : 
Gr • -1 nd aand •••••••••••••• ~······' 
I Uow li11eaton ••••••••·•·•••••••••• 
Gray llae~tone •••••••••••••••••••••• ; 

' 

Thickneaa 
(feet) 

a 

' I 
I 

I 
I 

Depth 
(teet) 

15 
35 
J.D 
70 
75 

119 
129 
143 

Driller's og o! ~L Ho. , Cit~ of Carlsbad. ( ril led M~rcb l 44; 
7-foot dr wclown at 1200 pllona "llliaute; '10-foot dre.wdown •t eatia~cted 
1700 gallons oinuteJ lower joint of pipe perfor t~.) 

I Thickneaa . Depth • 
(ttet) (feet) 

. 
Surf•tt• •••••••••• • .. • •.•••••••••••••••• a 1 I l 
tello cla7 •• , ••••.•••••..•••••••.•• 1 19 20 
'and and Cro.•el ••• • •••• f •••••••••••••• ' 17 37 
ater eand •••••••• . •••••••••••••••••• ' 40 

Boulder& od 
; 

l) 53 gra.Ye .................. • .a 
Sand and ara~el, •• ; •••••• : ., •••• ~···' 43 · 96 
Clfl1.•. •*• •••••••••••••••••••••••••••• I 4 100 
W ter 1und l)d ar Yel•••••·•~•• ~ ••••l 15 I 115 
Liae - lota. o.t' ater (?) •••••••••••• & ) ' us 
Ora-.al . ... • • • • • •. • • • • • • • . • • • • • • • . • • • •• I l I 119 
Li.. - ater•··•······•·······~·····l 6 ' 12, 
Li•e and graYel ••••.•.•••••• . ••••••• ·I 10 ' 1.35 
Yellow clay &Ad ~rnYel ••• • • ••••••••• a 17 I 152 
Sot~• of hoi e.... . • • . • ••••••••••••• I ~ 152'9• 

I 

·. 

. :. 



, I ,. o • • . . . 
I.U• 4· aad 6 defillJ.tely ol>talla wa't.•r ~ th ~11~ li.8'tone 

c)ge ot m old aoun&l ot ,tM 
• 1 • .. 

·' 
Peoo• River. o~:~1 tioa r 1 t~Ye to th• old ~blmnel tunuta 

-pl"'be.bU1 ty tha-t • ter l e d ~a in part fro~~ th• C rl cl· l1 ··~· 

ln part ti'Oii Ui•· nt.r ot , .uh _poo.-.r q,ual.i ty u taM allunal depo•1 \. .. 
ot .the Pecos t~ley. 

The aYer g PWAP•et: ! or the ,..ar 1944 
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In 19)9 there Hre ei&bt irrigation W4Jlls loc ted in Hackberry Dralf 

and one north or t he Draw tbnt der1v d ater from t e Oarlsbad liaeatooe. 

Th e wells ve !a.irl1 lara• yielda. The Mar ueaa well (~ ·• 6.U.223} _/, 

:J · el nuabe.n r present th lo ution of the w 11. For description of 
aetbod of nuebering aee p gt 5. 

i~ pumped t the r te or 1,000 g llona o ainute, the Staphenaon well 

(22. 6.li . - 1.3), at the r por~ r e.te of 1,000 ·g llona o inute, and the 

' 
Ta:;-lor wel (22. 6.ll.-ll.J), at the rate of l,6JO g llona mlnute . The 

l.B.rgest yield is obt ined from the Ha py V lley F~ra& well (22 .26 • .).2.32), 

)licb is ptlllped at the r te ot 2 ,000 gallons a rnlr:wte. Althou h no draw­

down aee:sure ents ct.n be made 011 -:the wells et the present time, only limall 

drawdowna •ere reported 'l t tbe ti•e the pumps ~ere ins &lled. Tbtt eet1-

ted amount of •ater pu ped nnnually from the aquifers in the Cerl•bad 

ltmeRtone is shown in tbe following t ble. The uty of water for Happy 

V lley F rms w a c lc l ted from the record of the num~ r of hours the 

well was pu~ed. Th duty ot water for ~he S. A. T ylor faim & sed 

u n he fena opcr&tor's est1. r. te of the nul'lber of nour it too' to irri-

te the fa land for one •~terin and the nu~ber o tlmee it E irr1-

ted 1n the year 193. The duty of wat r f r o~her fnr~s us estim: ted 

froa tbe estia te& of the duty of ater for B PP1 Vnlley arms and the 
.. s. A. T ylor farm. ·. 



ted puapage !roc ,.qui f'ers 1n Cer1abad limestone. 193 
i ¥ 

,., ... ., .. ( \ •, ' • I · .. "" ' '~ ., .. - t·· 
' ' . '··: .. 
I ... ' I . : . • . . . 

• ell nu•ber 1 \; ower . ; Puaping rate ' Uae ' 1\Crea "' ' ~& ter : Annual pumplii&e 
,;:: 1'.; , : irrigated & Acr e-f•et ' .. l ' 

I : Ga112!!• c. cinut! 

' 
. . 

t Happy Va lley Par-s :JJ 1,500 . : Irrigation a 275 :y 1. ~·37 . 517 . 
' T. brqueaa 1 1,000 : : Irrigotion : 65 :J/ 1.80 . 118 . 

S. A. Tbylor ' ; 725 ; Irrigation • 60 :IJ 1.75 : 105 
S. A. Taylor ! 1, 6)0 : Irrigntlon ; 86 riJ 1.75 ~ 1~1 
H. E. Stephenson :Jj 1,000 : Irrigation : .1.00 .y 1.00 
Dickson :1/ 850 : Irrigation : 57 J/ 1.80 ; 103 : 
Southwestern Public : : Public Sup-: 

SerYi-ce CoRlpBllY ; ;. ,ooo ; ply ; ; ; 921 
Several Gtoe ll fn r~~s ' 

in Weet Csrlsb&ci :J/ 2, 200 : Irrlgatioo : l/ 90 :~ 1.80 : 162 
Doaeatlc wells in 

nd oea.r Wes-t 
Carl6bed .JI 750 : Domeat1c : ; N ; 230 . . 

\.•"' ... 4.- . .. L 1 _"'I 

··~ 
4 ; 

~ 
; 

To tel 
.. ,, 

11,655 • 733 2 ,488 " I ' - . 
' I ; . • . : : .. •' . 

~ 
~ 

Reported pumping rate. 
Figure obt&tned from record of nuaber of hours pumped. 
Estimated. ,,. 
Figure obtained fro~op~rator of fsrm. 

·. 
. . 

~. .. .. 

.-

(1.) 

t.D 
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The eatia ted .ver &e alae rge tbrou hou the ye r fr bll- puap& 

d win ter f roa the Carl d lis stone wea bout 4 eoond-feet, or 

2 1 5 4 ,0 g llon o d y 1n 19)9 . Ho e..,er, t h mnxi.IIUa r te ot withdrswal 

occurs du r ng the sua er months nd f be s high s 6 s econd teet (11,670 

.c llon& inute or 16, 00 ,000 g D6 a doy) wMn .. 1 of be ell:; re 

oper tin s imultRneou l y . 

Pumpin tests 

On October 2 , Jfl~ pum ing t st s de on well 4 of the munlci-

pcu we ls. Prior to t.crting tes t, l t e pucps ~ere shut do n for 

period of lt hours bile r ecovery meeaur en s were m de in t be water 

levels in • ells 1, 3, and 4. Bee u e o he limit d tor ge i n the 

w ter anks nd the e vy demand or water, the puaD~ could not bet hut 

do.n f or ~ lonaer period . At ) : ; 7 •• th ?Um on we~l 4 w 6 started, 

nd druwdo eosur ent s were m de on th t r e w l about ev ry JO 

a1nutes during t he period of pu ing. A nter ~n te·r n the disobar&e 

p~pe of ell 4, rea! !L t t e beginnint: · nd end o the pumping period, 

' indio ted n avera e pu ping r te of 33 gel on minute. At ~:15 p. a . 

he pump n.s shut do1m, ter which re~Gvery m surements were • until 

. ~:~ . 
'· 

~be graph of t1e water 1 Tela ia th t hree wel e through~t the teat 

re ~ho n in igure -5· Th Etter level i n the well being puapet;i Mo. L> 

1 re 5. - Hydrogr hs of eunici 
October 79 , 1941. 

r 

ells during pumping test of tell 4, 

dropped pra~tic•lly inst ntaneous y to a f airl7 con•t t position, The 

sllght decrease in drswciom o da to deere ae in t be disc rge csueed 

b7 the incr aaing I e d gainst which tbe ter s beiJli pu ped as the 
. 
toraae tknka were filled. 



In the other two lls (Nos. 1 and 3) the •~tar l evels also dropped 

l mo t 1nst · tsn ously h n- pUlllj.> ing bege.n-e.bout 0.5 foot +n the near •e.d 

&nd 6bout • 5 foot in the f' r ell. hen t e pump on ll 4 wns topped, 
~ 

the water lev~la in l J w lls roee practic~lly inctantnoeoualy bout as 

ucb a h y fell at th beginnin o! pu ping. HoweYer, during the periOd 

of pumping, the • ter ev le in ells 1 and 3 fell· gr uuul ly a fe hun-

dredtbe of a. foot, wnd the water 1 ~ela in sll J wells were a rew bun-
. 

dredtha pf a foot lo er fter the test thnn before. Aa the -•ter level• 

in he wel a continued t decline fter t he pump nad atoppe , the gradual 

decline in weils 1 and 3 during tbe teet und the difference in lev~~ in 

the three wells befor na after the teat were doubtless ouuaed bf onangea 

in a.Ulc>spberic preasure. 

The specific cnpaclty of wel 4 wea 275 gallons n minute for each 

foot of drawdown. Such ~ high YftlOe indicates gr t e &e o! •o~ement of 

the ter thl:ouJb .thtt limestone. The -proctically· 1nstantan!l'ous druwdown 

in ll three wells· shows ~so r at •••• ot aoveP*lt nd su eet a further . ' 

tMt ' the a ulfer con~ _lne no very coapreasible •eb,ra. Figure 6 abowa a 

tiona of water l&vel in •~ll · l ot ~uniaipel .. ater ~1 
• Mex •• CQU&ed by pumping -pearbx ~ells, 

41 

p rtr of ihe t'e~.rQ. obt 1ne trom. a water-suge recorder ~at lled on 'fell i . . - . 

·tto the l ft\ter rt ot December 1939 to llarcb.' l940. It ,.howe ib&t the 

wate~ l ;,el 1p well i e~rg a when t~ pump on wel~ 4 ia 6topped, rising 

' bout 0.2 foot above its equ111briua position. 'uch ~n effect is 

un~ in lls and 1Dd1cate tbet tbe movem.ent of tbe w~ter in tbe 

liaestone is eo free that tbe watef atteins an ppreci ble soaent • . . 



.... 
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freedo of mov ent in i oa.tes r tber cl s rl] t.h.&.t the ater. moves ·t.nrou h 

t e li•estone i n ! e trly open cb nnol .• 

The coeffic i ent ot tr n ais ibi ity (see p ge 28) c n usu 111 be 

o bt ed from pUD:f log t at d u in sov er l ways. The r ete of f 11 of 

ter levels 1n obser &tion ells n r pumped ells nd the r nte of 

·ecov ry of the •~ter level in &. well after 1 t hcs been pu ped can 

usu l ly u&ed _/. fbeae etbods coui not be ueed 1n t h resent 

:J Theis, c.v., The r lttlon between the lo ering of the piezometric 
~urface nd t he r ate d dur tion of discharge of a well u~ing ground- . 

ter •tor~ge: Am. Geophy • Onion Tr a. 16th Ann. •·~~in&, ' • 522, 19)~. 
~ucob, C.E., On th flow of weter i n an ela~tic rtesi n ~ uifer: Am. 

Oeophya. Ugion Tr..ans. lst Ann. eeting, p. 574, 196-0· 

as bee Use t e dr wdo n· n recov~ry were ~o nearly instantaneous tbat 

t he;r could not be 111e :Jured. However, the data how t t tbe coeff icient 

of tr ·nsmiasibil i ty i a ver y l~rge. 

nother metbod of aacert i.ning t coeffi ciEnt of tr nn111ie ' lbill ty 

i s th t ~nown as Thie ' s method _/, hict utilizes tle oifference in 

J enzel-, L.K., The Thiem method for determtning pe of ··ater-
be. ring m teri&lSi U.S. Geol . Suryey P• 10. 1936. · 

dr wdo ns in lla near the u ped ~ell. The tb~ory of this »etood , like 

th of t ~ otber !11 t bocie, presu pooe8 t h t tn {.I ter o . n move 1 th equal 

e ae i n ever.' girect.ion and in every pl ce in the e uifer in the ~vicinit7 

of t he ped well. Ide lly1 t h&re should be conslaeroble number of 

observ tion 'ffells ln order to det.er~~~ine t o "' t extent thin condition is 

lfilied . In thi·s test only two obsenetlon wells ·ere c;Y 1lab e, and 

thete were, ~fortunhtely, not in line wlU the pu ped well. Ho ever, 

as t hi• aethod ia the ooly one ava l ble, the d~t r.e re uee~ to com~te 

the coefficient of tre.us iesibUit • 

:. . . 



: . 

The Thiem f oraulu _/ ie ·ne follows' 

enzel, L.K., Oe• cit,, n. 10. 

in which, 
T : trunDmiaaib1~ity 

:-: discbar.ge, gallons a minute . 
r1 end r2 = disu~~ce of observ t-ion ells froa 

p~ped well, in feet 
b1 and ~ - drr wdown in obeerv tion wells·, in · 

teet 

In t.lle Carlsbad pun~ping test tLe dis nee from tne pumped ftel to 

well 1 was 125 f eet and the drawdown in t.ll&t. well wu .43 foot. The 

dist&nce t o well 3 was 2 0 feet and the d~wuo.n in it waa .055 foot. 

Tbe pumping r ote ••• 83) g llons e ~inute. Su~tituticg these T lues 

in t he: equation, the coefficient of trmsm18s1bil1ty is detenained &I 

42 ,000. Thi s ian high T&lue and checks •~ll. nitb the high specific 

c paci tie observed and the other teat data. ~ t is indic ted thc.. t thia 

quifer .prcbably carrieB water more easily a t thle loc lit~ than y 

other 1 wn aquifer in lin Mexico with the probable exce t.ion of s011e 

arts of the artesian acuifer 1n the Roswell Baain. 

Figure 6 1 u reproduction of lbe record obt~ined on February 4 and 

5, 1940, troat the r60order lnatnlled on well 1 of t.be Sout.mraat.m Public ,. ' . ' 

ervice · Compeny, Th sharp fluctuutJ,.ons that are at once oooerved .are : : · 
.. 

due to tne star~1Ag _ ~d atoppio& of the puD1p8 on wella 2, J nd 4. Tbe . 

l argest fl~ct~tion 1& due t o well 4 being pumped; b & the ump 1s set to 

shut down , utoaaticuly when the ater level in the &tor&.ge t unks renc;bea 

a oerte1.n bC.1pt, nuaerous flue tiona result. The drawdotm and the 

reco•u:r of we.\er leYel uke place .al.Eost 1nsta.nt.Hoeoualy. Tbe Cbart . 
. . 



' . ~ 

., 

. . 
aloo abows that a aurae ·oooqra t tbe 'begWiaa of po~n dr wdom 6lld 

f. ' ~ 

The dra.Wd·om !a pi"t.~~callT .coiu,tant, ~tltnougb , ( .. • point.d 
' ' . 

out in the d1aouaa1on of. ~· puap~· tut, · p&ge 40) the 1, ter leTel · . 

rlae8 al.i btlY· ~ur1ng .; . J)Uii~~ ~~riod. The aiail~r f.l:llc~~atioaa ® a . .. ' ' . .. ' 

ncb Sllatllor sc,eJ.e are de.uaed. tJr. ,w.ell J, whi'* is pu•ped al.aost con- t 
... • t • • • • ..... . " ... ' .: , . . ., .,.. 

atantly, and well 2, wbleb 18 .oocaaioaally uaed. . 
• to. • ' • 

Allot~eT type of flu'ctu tiotl, . h1ch is oot obe-rp b.l'\ quite ,aria.bl.• 
' -. . ' 

1tl nnture, ia d~e~ to tluctu t~~~ in a~oepberic preaaure! act~~ on the 
f , ,.4 • ~ 

• "t • ,. 

. water in the sella. The MIPlitude ot the fluct tiones of the a.t.er level 
j . . 

in a well: du.- to var1 tlqne in a imoapheric preaaure depenc;ia. upon in. . ' 
i , • l • • ~ ' .. 

' ' 
natur, of the aquife~ and the lliatance of the weU.·.frofl the cUsCh.arce or 

I = "' • • ' 

. . 
and reapood to changea in at~apberlc pressure • 

. i' • 
The -b'.lro•etrlo etf1ci:•c1 . .. . ' 

. of-·a w'el~ is the ~ tio of the tluotu t -on of the ifat~r level __ pr9.dua.t in . " 

· it by.. ch&Agea ln atmoapher1c preawre to the equ1v lent var1utiol of the. . ' ,} 

atao pherio :preaaure aa it •ould be expreaeed in a water baro•eier. J~ll 

l ol ,..Je 
. . 

outhwe&itern Public Smice Co•pany lln~ " baroa.etr1c etfi.c1a.c1 · 
,• . 

of about 40 percent. ell• in 11meJtone a utfer& co .. only h~Te Qaroeetric .. ~ . 
.' etftc.14ftc1~.a ap~roaclWis 106 perc.ftt~·--· the derletion. fro• :100 s;seroent in . . . ' .. . . 

.. ·. .. . . 
is doubtleae 9ue o· tn ir roximity to tbe •aliey f ill :· 

, .. .. . :... ~ ·, . . ~ 

. ' 
de~a,itr. qt _tll~ P~• ·u~•r· 
. ' 
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Records of the deptb to water in ••l~ 1 of the South•eatern Public 

e~ice· Coapany; kep~ Iince 1935, ebow tbat .& fluotu tion of abou~,) fe,t 

oceura annually.. Tbe high-water leye occurs. generally in february, and 

the lo -water l_.el generall/ in October. 
... t.' 

u lit of •ater .. 
!s . bom in 

the lt .. a.iooe 1.a s~ewba t. hUd but not b11biy 11inerali eel. The bardlleaa 

1& c l~ul tad ns equivalent c lci~a . oar~~te and i deterained by 
I "" • • . . 

. rut1pl)'inc the .calcium content of th~ water br· .2.5· and the · aap~•J.U. 
.. . " . ( 

·· content by 4.1 and add1.Dg the reaulta. A typical wa·ter f-ound 1D thia . . 
ana is represented by tbet in well ;a:.26.J5.234, .which baa • budneaa .. 

or 65t, a chloride . content ~r 14g, a blc~rboa t& .content' or 266, and a · 

sulphl t .content of .386 parts per mUlion. YJat•r .in 'tbe aquifer& lo••r . . 
in t~e !onut1oa is pt t.o be 101ora highly ainer~iae , : a &no by ~ .. : • 

a · ~JBil of the w~ter trom ' ihe oil teat well ( 22.26. 3~23~). The . . . 
id1nner well (22.26.1.122), which le located n~ar the Sou~m canal 

f .. ..· , 

and 11 poorlt.c aed, ,allou .water !rom the. canal ~- Jeep 1ilto tbe •ell, 
t.bua · ao~OUDtiDI fol' the high ill.Jienf~ aontent of tbe· water. 

:-.. ·. . .. '"' . . . ' 

. . 
' 
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Sources of water in Cs rlabad prin&e 

The Carlsbad spring re is comprised of a group o Jprings 8merg1nc · 

elon . the ~tnd in tlle ell "nel of the Pecos Riv r fro, .. T»nail a111 , 

t of tb ci t y , to lightly beyond Carl~bad 'pring, ,. bout 2i milee upstreaa 
. 

• During a larg ·p rt of the year the riv r c ~no l io practi-

c 1 dry bet een L e Avalon nd the prln are • The str am g glng s tatlon 

t the Cree ~ tre t bri ge belo the dem, opere t d _by t e Bure u f Reclo-

tion and, since 1937, by the cologie l Survey, me sures the ring flow -

t c ti es of the r. Bet een }' bru ry 94 nd J&nu ry 1, 19/J., a 

g gtn sutlon wns oper t~d by e durf ce ter Dlvislo of tbe Geolo leal 

Suney juat c.bove the spring rea o tb&t the spring flow cou.lcl be deter-

.tned throu bout he y a r. Tb lo -• ter flow p st the Oroen treet bridge 
. 

g tng atation, h1ch r pre ante the aprlng flo ., ~ppearo to h ve fluctu&ted 

slo l y over a p rio of y . rs between ro nnd ~0 second-feet {between 32 

.. nd 5' million lion d y) . During t period of op r~ t1on o the g 'in& 

t tion above the pring re, the flo of tbe prio u appe arod to vary 

. bet een 52 nd secon -teet (between )4 nd 44. llillion ·llons ~ day) • 

Js holm in f i gure 2, t ile piezometric aurr .. e in r~etst arlsbad, in 

thtt aro::. i n ;·: •• lc!l w .lls v been drill ed lr t ..:e C<> rl nd 1 m s tone, slopes 

o~a d t C rl ~\d prin rea in no the st~ rd dirLction end therefore 

bows r ln t ~e Carlsbad l im stone is ~ovin to ard the aprin& 

area. Dnfortun tely there t. rt no wello in t.tie Cerlsbtsd l!aestone between 

~he city Us and t.he s ring ar a , and enoe the flow o m1ot be deflni telt 
. 

bown to be in to the springs . Ho eTer, es there nre no otber: Areas of 

lttrge lncrKse of flo" in t e Peco River in tbe vicinity d ap · renUy 

no other poesible loc~l1ti s of dlrlc rge for the ·~ter in t e C rlabad 

' . 
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limeaton , the loc lit of netural discb rge for the .-ater ln the lii'Gos tone 

15 doubtless t h prin rea. 

Tb pte .ometrtc surface here it is known slop 5 8t n rote of about 

feet t o t ' e 'le. The coeff tcicn of tr ns ieelbi~i ~y 1 of the order 

of 400,000. If thie 1 st v lue 1~ approx!m tely correct, bout 0 ,000 

.l l ona of t~. ter y liiOVe t hr o gh eocb aile of t.ne imeetone. .At thla 

te 1 t would ue s~c ion of the li.aestcme "' bout 40 .Ulee; lon to 

tr na it tbe m1n1.ua discharge in the spring ar • E~en if the coeffioi nt 

of transaiesibility is considerhbly. rger than indic~ ted b7 the pumping 

test, it 1~ unli ely tnet el the at~r em~rging in · the prlng area can 

be delivered to tb spr1nga through the l1aeetone, ·and it ppearf that 

there aust be unot.her source for part of the v.ater cUschsrged in be 

spring e.rea . 

Ag ln,the •ater eaerglnij in the Ccrlsbad pring area is aore highly 

miner lized than h 11 t found in the l'.'ellu in the limes on~ . Tbe avers e 

t iner content non b1 be n lyse of tor from • lls in the Cbrlsbka 

lime tone r e &bout 157 parts per million of c ·lciua, 63 p rts of magnesium, 

266 • rt of bic rboo te,, )52 pnrts of !$Ulpb t e, .n 1 r 3 p rts of chloride. 

Th pecific conduct4ace tn ·i c tes .Ter ge ·ontent o to~ issolved · 

solldo of · bout 975 p rts per million. ble in the eppendlx gives 

an yees of various source~ o ter in t ~ Carls~d spri~ are~ bnd 

tDdicntea a diochbrge in t t ar ~ of ater much ~r~ i&bly mtnerali~ed 

t n f t ~oun in the ella in the C rl .. bad li.Jiestone. ·· · 

The aTe ge aineral content of the • ter of the co11bined uprlllQ flo• 

•~• etermined fro~ ~yaes of water s ple~ coll ected i y at the 

Green Street. brid e gaging st ~t.ion by the u lity of ter D1T:itsion ot 



.. 
the U. • Ceolo leal SurYey for the period October 1, 1 I j , to ept eaber 

30 , 1 40 . Analyses of saaples collected hen there ·w&o un pprec1eble 

1n1'low above tbe spring rea were ellainated troa tbe colculc:.tions. Tbe • 

t a•er~· water passing the caatng station for the • ter year 1940 durina 

t he periods when t e entire flow us prob .bly fterived tros th~ aprlnga 
•. - .. cont .lned o bout 400 parta per aillion calclua, l4J _purts per aillion 

gnesiua, 1)66 parts per million sulphate, 579 parts pe~ ~illion obloride, 

and 311.2 parte per aillion tow l solidfol • These a.•eraaea are in line with 

the ·aversge constitutenta ~t•en in tne analyaes of 1nd1v1du~l sources. 

The ac t that t he eter i s suing !roa t he springs is •uch more bi5hly 

lneralized t ' n t t fro• wella in the .limes tone indicate& tl'.a.t water 

ore .higbly mineralized than the pring •ater i D ooam~gling with the 

Lter coaing in fro• toe •est in tbe Carlabed ·lime tone. 

The t o direction fro whicb ~or 1ighly lnerali~e1 •u ter anr be 

moving into t he spring area are th eaat and north. Ground w ter east of 

th Pecov -Riv r occurs princi.pe.lly in t he ' iaeitone of the Rustler fo~-

tion. The yiol of ~~ter obt ined ' 1rom it i s uau&lly oo s ll that ter 

com'n in f rotll th<! 11 est. can prob&bly be olimln ted It a •·jor sourc of 

t. e ~ore highly iDeralized we.ter. To t he north ther 6.re thr . robabl~ 

s urceu of the highl~ minerali:ed water; namely, l k&ge froa Lake AvDlon, 

. loa 11 e r~a tbe canal. aye tea-. on ~he eft ban of the Pecoa Jti ver, nd 

return flow from the '-rrig ted l nds 1n La Hu.ert • The r el 2. tionGbipa of 

· tb•s.e different fSouro a to the spring_ flo" h ve been discus e.d 1n ~Wot.her 

~ublic tlon J. A brief ciiscuasio"l of the e variou ources contributing 

' Resoarces PlP~ing Bosr d, the Pecos ftiv r Joint Inveat1g6t1on, 
tu particip ting cies, Po• 59- 2 1 1942. 

... 
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water tb the C rlsbad springs will be pre ented here. Tue cone usione 

stated er" tbos or ~· report of the Pecos lUY r Joint Inveetigntion. 

Al tho~eb 1 t b~sd ~-- rtcophed tb• tber is l!ou leakage from Lake , 
.A•alan _j, it wes not until R. L. Lowry mede n study of the EiV il ble 

J leillzer, 0. • • Reniok, a: C. , and Bryan, K 1 r k , 
re~erv~ir ite or t he Carlatild irrigation project& . 
Weyer-su; plz P per 58Q, P• 2 , ,l?g6. 

eolo&f of Jo. J 
0. 8 . Geol. urvey 

discharge recorda of the inf low ~nd outf ow t Lake Av 1on d rln r the 

course of tbe Pecoo River Joint lnveDtig~ tion tn t 1~ was suspected tbat 

the leak ge s 1 rce in amount. 

The inflo into Lake Avalon is measured t the gaging atetion ot .. 

Reservoir lte Mo. 3, not far f~o t he bead of Lkke valon. The o tflo• 

into the ·Ill in C n c.l 1 meesured tat the head of t h canal. In FebrUnty 

194 e. ,aging a tion wilD inst lle · J.n th river ch nn~l ju t below ~ 

. 
• ~ Lake AY O > tom sure th~ spill from Lake A•ulon. ith tbe install -

tion o tn o one~ eta tion belo t d8m a contiftUous record of reeervoir 

1o s a was obtntnable. 

The coaput tions of leakage from Lake A• lon m de ~n tbe report of 

the Pecos River J oint Investig t1on cover d t n riod from February 6, 
. 

1940, to August 31,- 1940, ~be 1&at records a•~ilable s t the tis tbe 

report was prepared. In addition an 9l~ capcity curve for ~o Avalon, 

coaput d for condit1on8 to ~907, waa used. Slnce"preper&tion of t~t 
.. 

report tr am-flo" records to Deceaber _.31, 1940 , h ve become v,lle.l>le 
. 

nnd ew capacity curve raflectin present condition in the reuervoir 

baa bee~ co pleted. Tbe present coa ut tton .. u in~ the lon er reoord 

d new capacity curve follow the aethode described in tbe previous report . . 
and the uaot1t1ea rrlved t ar~ not essentiall y different. · . .. 

~. l ·: 

-· 



Tbe ily le age from Lak• AY lon aa ~o.p~t.C as the inflow o toe 

Peco River as •eaJured at Rese~olr ~ ite No. 3, minus tbe easur•d diachar~e 

froa ~ulon res&rvoir into the stre~ ana iDto t o c n~l, ~ua the eati-

• t~ ev&poro.tion, & a!Dor "uantit , and l~ the loaa of &~rage or DUI 

. 
be g in in : dtorage. Dftys in ich rni.pf 11 occurred we.r. D,!).~ ; 9 idend 

becltU&e th direct run-off into Lai.e AYttlo ~.:oul:d not bt de~rm1Ded. Daya 

i n . ch t he flo in 0 the reservoir exceeded 1/ sec on . -feet ' ,.nt I;UISO 

not eonsidered 1nalauch e ttle r ting wr..e for the gaein& atation 1(fl5 not , 

well · defined for sucb flows. 

figure 7 i lot of the •••r ae lekkage oYer t o-d y periods agni 

tbe nver ge gage h i ght dur!Dg tbe reapecti~e periods. It will be noteQ 

t< t tno rre»r~ linea Jo!nill_g COD88C tive pointe abow, in aeer&J., a 

U.« pattern. Thi p"ttero ia due to s 1 i.J:lherent .errors in reacli.nc the 
. , 

e signittout errore in the com uted letlkage, but · · i 

euch errors r ooapeneated 1~ succeeding periods. Cr1e -crosaing of the 

linet cross t e men osi t ion of the . oints indicate• Duco bel~oiag ot 

errors. The heavy lin nr wn throu ·b tn mean posl ion of the o1nt6 is 

1 affect r tin curve for 1e kage fro• tbe reserYOir. 

By tb~ pp i.. a: tion of the r ting curve eholm 1n figure 1 o the 

record ot g ge ~1 bt ·in the rescr..oir~ it i ·co put d~ t t the ayer~ce 

le& ,~ge f'roa L ke Yklon in U e wa.ter ytta r ending S te11ber 30, 1 40, •as 

7 aecond-fe!t (17, 500,000 gnllon:J ay). The hmount aoaputed froa the 

r ting CUrYe pub lshed ia the report of the Pecos ~Ye~~olnt ln~estigntion, 

of record, e '.6 secon -feet. 

Le · e fro the · in Cam 1 etween th int. e eit Lake Av lon no the· 

flume cross the Pecos ne r th. C rlsood Spril1 -; r a waG coaputed a the 



1n!'lo into the in Ccnal, s:.uu1s the discharge t the flume, minu 
I 

diver t ons and osa by ev or tion. Tb~ los in t e at C al and 

1 te~ ls ~s co ut .a the dipcharge at t he be•d of the canal , inua 

the woste a tb lower e~ of the c nal, minu• 1vera1ons to the l and . 

The totsl leakage ln ' the ~n 1 era •~ aounted to· bout ~o second-feet 

(l £" , 00 , ~ gallons d&y) in the ater ye r ending eptnber )(), 1940. 

An ~stimated 1 oecond-toot aa r e turned to the spring ar e ·frqm the 

1rr1g ted ds . Tb ae quantities are those iiYen in tbe report of the 

Pcco River Joint Investigat~on. 

The to ,1 leakag• !roa Lake /.valon and ~he cunels, d t~e r eturn 

f th r r~l de in La luerta during the ,ater year ending 'eptember 
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JO, 194 , tber ore, moun t t o bout 48 second-feet (31, ,ooo 

g lions d y). s tbe average flo* of' the Carlebed sprin mounted to 

bou 6J ~ con -feet (3 ,750 , 0 ullon a d y) during the period, it is 

indlcnted t ha t tn gro d-• tar flo• to the ~prlngs t hr ough the i&e&tone 

to the est of C rlsbaC pro bly aaolmted t o l~ secon~-feet (7,750,000 

g ~lons a day) or about 20 percent of the flo • 

If the com ut tiona Qf the q antities of • ter troc t e varioua 

aources ing u tbe s rin f lo r aufficiently ccur•t , the chemic•l 

eon teut of t e water eaergin in the pri.ngs sh u.ld re re en tb• lnUtur& 
1 • 

o tho cho1c coostituents o! the vu.rloua souree aters in their reepe6-

tlve roportiona oxcspt s a leakage • ter ny be modi 10d 1n the pass ae 
Jo 

uod rgroun • ucb oo r i on was ~o between the ource w ters and 

the ere omarging n the C&rliibnd spring~:~ in he .PeCoti River Joint 

tion. ~ne aver8ge c emical composition of the water in the 



Carleb&d limestone w s ob 1Ded b,y vera&ln the analyeea from several 

eaapl•• o£ ••t•r collected troa ells deriving w ter fro~ the Corlsba 

liaestoni . The sver•a• com: .. ost ion of t e water leuin& fro• Lake Avalon 

e.nt! th• Cflnalo W88 obt lned weighting the enalyaee av il 'ble roa 
Febru ry 11, 1 ,39., . to Febru r y 10 , 1940, accordini t o the rete of l ak ge 

from La • Av lo and the csnals. Tne aver e composition of th!e w~t•r .. 
in tbe ·river above th~ spring are was aseuaed to be atmil ~ to the one 

available e.nn1yais or tel' sa ple ·uuch wa collflcted on l''ebrua.ry 1 , 

1940. The avera1e composition of the ater in the Car1abad springe waa de­

t :rln,ed by ••1&ht1ng the 6.ll{l yaea or ;rater • , ples co11 ct. d during 

the ~~ter year ending optem r 30, 194 , .ccording to t ti• imterval 

repr sented by each a tMple. About l aecono-foot l~t coming in as return 

flo fro t he fU"JDl nds or La Huertel. The coapos lt1on of tbis tar ••• 

asUIIed tC\ be .. he sue t s t"in w t r uod 1 not hown in the table. 

The sver~g composition of the ter froll\ th •~rious sources, the 

observed co•po 1 ion of U1e • ter from the C rlsbad spring are , and it& 

co11 uted co:a o ition a k lxture o t e otb r aters in the proport;i. ns 

1nd1C3ted, re how.n in t,h !ollo in t il b e . The lues ~1ven re not 

eosenti 117 ifferent .fro• those previously givan in the report of tbe 

Pecos River J oint Investlgt tion. 

' . 
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parl.llon ,of a•erage chemicnl conte,nt ot 1ta.ter in Carls~ ~:~pringa tmd in the seYeratl ep 

~!. ,. • • •• .. . 1;';""~' ... 1 ••• 
~ ..... • ~, ..... l: -

: ,-: . Leak•6• · " , i LeUage & 

• : Carlabl.td . 
' • t 

l Lake A•elop : cs.n.t~.l• ; I'Qrings 1 Cowwted ' 
' : i ; a 

? 

~; ~· .. , :· :·._.-' Eeti.::ted . .. . ~ .. . 
d1aobarae ' : ··• ' ( 81CODd-fe4tt) . , _~"•: _· 12 .. 27 20 ' 1.8 ~ ~ , ,.a \ / 0 'eJ bl. , • : ; • ·~ ' l : .. -. . 

; . • . .. r • . . . 
.• i - ., ), . ~ .. ~ . ·: 

C~eaice.l' content ' c ,: ·. . ; ; . •.. i.' : . • ' ''1 .6 ,.,.. l• ':i perU per 01ll.ion ,, f .. : . -._ • -.... ; ~- ~. : .... 
~ ." . - . .. ·;;,: \ 

O • A ; ' 
. 

I 
;• 

' .. . . ' 
" •Ill 1:57 ~-

~ 

·~ CalCiwa 562 . 538 . 592 l 

475 :•. 400 - ~;~_t'-r :&" ' . . · . I' : • ) .. 
: ·, . ! • ; . ; . . : • . .. . . 

·~·Bi\a11l ... ' 63 : 137 : 1.30 . 21.2 : 122 : 143 ; -l4.7 . 
·. .. 

• .. ..,. .. -

Sul phate < -·~ ·• ' ) 411 2 : 1715 1634 ; 2114 .... -~~ .i •), . U.i74 ' .1]66 ; + 7. .. . 
-: tr~ •- ~ _ ..... .. .... I 

' r,. ~. : ; . ; ' ·:· .. ··.. . ' 
Chloride · ~#~l 

.. ,. 
; l~J ; 662 6n ' 940 ' . 573 . 579 ~- 1.0 : 

' _! _\_, . . • 
: ·~- ; ' • . 

Total aolida : ens : . 3849 ' 37)2 : . 4810 ; 3271 : :3142 : ~ · 4.1 . 
•' ' • • ' . : . . -· . 

" 
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Potentia-l COPtaa1nat1on of !&ter aupplr in eat, Carl1bad 

Tbe popu eted r&ti ~edlatoly west of the city limits of Carlsbad 

has qo sewer system knd cont ina nu.erous privies and cea&poo s. . The 

till which ov rlies tbe Cr rlsbad limestone and fro• whicb the domestic 

• ter supply is deriv d vta.riee in tbl•"mess troa l to 60 feet. Tbe top 

l or 15 feet 11 •~de up of c liche, d the lo r rt i s made up of 

cong oa r te, gravel end buff cl 1• The cesspool• are auc into the c&~.licbe 

Q!ld ener ly do not penetre te belo 1 t. lo 1 llow body of water c aura 

in this ocAli ty above the im tone except tba t ne r th e stem side ot 

the comsuol ty. This bod of groun water i a fed by £eepage fro• the 

outhern Canal. As the ater in the lim ~tone ie encounter d under 10 or 

15 feet of rtesi pr esure, ae lime~tone itself ~et be pract4c lly 

iaperae ble, but there may occll~ Joints or c vities in it through 

which upp r water aey percol te do to the , uHer. further, it ia 

possibl th t ater froa the privi s nd cesspool may ove l&terelly to 

th w l · of t h dom stic •ells, ~bicb are genera ly sed only down to 

the 1a stone, no attempt bein de to obt in we ter-ti ht s utofl'. 

Thu& a t r ving l ter~lly to the • s of the • lla y flo down tbe 

~alls of the ~ll into tnt drln in •~t r. 

ater am lee were collected from ~ever •ells 1o tbia loc lity 1n 

October d Noveaber 1939 md nt t the St te Pu,b11c Hen tn Laboratory 
.. 

st buoue .ue, R. M.ex.., Cor becterial Malyflis. None of the ana.lyaecl 
. -

s~ples showed B. c~11. the 1nd1ca~r ot aim excret , inoluuiog human, 

Dnliae. Later, in March 194 uranin•, bien 1a a hanalei& dye, was i.ri'tro-

duced 1 ~ 1 ny cea~pools a .privle& in tbb locality e possible. 
I 
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ThL· dye i s red when concentr ted but i n we k 3olutlon h s - gr eni sh 

col or, ~hich c n o i 1 seen i n ooncentr t ion of 1 p rt er mi l ion 

r t of nt r. One uarter of ~ound of y wns mixed wi tn 2 g lons 

of ~J t er lln put in ch pr i vy or c espool. rlousehol der ere urged to 

7 colorin t hey o served i n t e drin.in ~ater. o reports 

o n col oring of t te r e r ec 1. v d by the H al t Departr.. n t on/ 

by t e Uni t d t c t s ·cologi cnl ~urvey. 

On th 1 of t hl vidence it i onclu ed t t conta n ton of 

th &t er supply in 1c• t C rls d ~ - s not t ing p ce t he time of the 

i n e tlga i o ; i o ver , t he d n0 er 1 &ys exis s . ell houl d be properly 

into t & m ~to e , ~nd a t r-ti bt ~e 1 ould b obtt in 

" i '- ct. t ng s ~amp ing o t e a ter in t i s l oc li y 0 l d be 

c rriP.d on : r odi c l l.y for t1 cb CK on con itlon • 

FO ' T!ON 

.. tlstler form . tion 

The Ru t l er f ormt tion, of Permi n n e, t es lts ~ me fro t e t ype 

s ection in the s tl r i 1 in Cu rtson Count , T x., here th ." form 

tion i - mad up of l i me ton nd s~d ton a . It cl n es in ch r~cter 

fc. rther nor n ne r ar sb d is compos ed of p um nnd r d i 

on r~1stent b d of lmcaton . ne r t ddl e of the 6 cti on. T e st 

outcrop o .. t b .u t er occur i n t e l i ne of foothil 8 p rt~J:l t o the 

B11r rerb. eaton d in t h Ji'ron ti r hi l i s rom ~ 0 1 

f e. t 1c , bu rtber north ero 1or u.nd. gr d tion tove left on y 

GC t t ercd r mn t 0 h limeZiton from 5 t o 6 e t t 1c • t"' r 

fro11 t n e foothil ls t. lim tohe gr .de l nr ly into yp um, l nvi.ng 
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only t.lL"'l beds of l ime tone ic me.y be seen in outcrop,; long Bleck 

Riv r an ~ in .ome oi t e s ~1 nil aurround.ed by the vz..:~ ll y 1'111. A 

series o 1 tern tin ypsu:n and r ed b&dc is ex.po!:! ed in o 15- f oot deep 

dr in ditch ·hie runs southward .out of Loving into Bl c Riv~ • These 

ypsu nd red bed ve be tly distorted Qnd lie almost in 

v rtic 1 pos1 ion in so e 1 cas. These beds re probnbly .u ~ler, ~a 

Ruatl r imeston i f ound ·t nbou~ the e el v tion bout 0 .7 mile 

f ro these ex_o ur s, butt e lime tone 11\ so wnped that it could not 

be determined whet er it overlies or und rli s the g.rpSWll and red bede 

ex sed in the ditch. T entire Rustler form ion in this rea is 

ed nd f n.ult.ed because of toe solutton tha t h..-.s t aken pl ace in the 

lower Rustl r nd orms tions belo • 

The key-bed for t e stler fora• tion in th vicinity of -.r sood 

is the e 1sily recognized .fine-gre.ined , olomitic, i m at\..ne . ithout 

this r!l r ker it 1 dif ficult to ldent fy tbe numerous gypsum M d r ed beds 

in the section . rosion ht a r ~ov d mot of the beds bove the i meston 

The for ~ .tiou a ~ g n r nl s tw r d dip , but loctLlly the numerous s ink& 

develop in the for~ tion ~ iv ~1 e t v di ps in every dir ction. 

ter i f ound i n th l imes.tone nd ·n eome of tbe solution p s • llges 

< veloped in th ypsu""c: beds of the Rustler for •ttion . a t&r m y pass 

out of tll.e limest.on int"J th ypaum beds or the fil bov t: , "k'Alt th tllick 

red beds in the eotion r~ pr~ ctic l l y impe~ious ~ The rechar ge aren 

. , or a teT occurring i n t '\' Rustler ia pro bly long t he bills psr a llel 

to . Ua.e Bnrrer e.nd along the liaestone dJ . cent · o the fll in 

D r k Canyon Arroyo • 



. . . 

57 

Most of the welle r i led est of D r C nyon ~rroyo d o at of the 

B!!r rer in t e t ler form t i on ~ r e ry. This indica tes, a might be 

e7.p cted, t there i not nm w ter ovi~~ caot ard from the Burrer 

t. rough b ·sti e nd do fornw tion into tue Ru tler form tion. 

F tw r d r m Dar~ C~yon Arroyo woteT occurs in some bed of tae Rustler 

for ~ tion . One a uifer ccur in th g sum bed irmned ntely overlying tbe 

~1 o nd in clo e soci tion with it. Ne r the Pecos River the woter 

i n t n uif r i n trong bri s hom b; tes t wel drilled n sec . 

24 , T. ?4 ~ ., • 

m llion chloride nd 

N. 

• that e counter d a water ~ving 134, 00 parts er 

sp cifio gr evlty of 1. 175 _/. According to the 

d Lang , w. B., Geolo '~ nd ground-~ster conditi ne 
1 yin tbP. vicinity of L gun Gr nnde dele S•l , 

1 referenc to th salt content or t he riv r at er: 
nd 13t l Bi 9 , 193 • 

re rts of ocel farmer s , ome ell drilled est of the Pecos iver nd 

jus t north of Bl c~ v r ncountered we k brine in the Ru~tler forme-

i n. Thia orizon ie prob bly e continu tion of the brine horizon in 

tler form. tion neo r the Pecos River. It mu.y continu e .. t to 

D r k C nyon J:rroyo, h re near t o recharg~ e.r tJ t ter rnn7 coot in 

less s lt ln solution , butt ere re no ells th oul demon~tr t t is . 

a tor t v a. l c probnbly foun in th liaeatone utember of t.h • 3tler 

for r t 1on eest of Dar Cnnyon Arroyo. A 11 loc t ee in ec . 15, T. J . , 
R. ~6 E. ncountered • ter in l imelltone: t epti of 340 fe t, the 

ter ri ing 4~ fe t tne well . Bee use no log of the 11 ie s.v 11 bl , 

th r is poasi ility th.t the lime tone aquifer my be one o the 
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;uo.tem 1 imcBton cooglomer•· tes but the de th of the ell sugg ts 

th t the .ulfer lies belo the ·u tern ry. 

In most of tbe are , t e Ruetler for tion •s b en s tri ppe of! 

down tc. t he limestone , nd tne vr.~ley tl co only r ~te ir ctly on 

the lila s ton6. 1\ consec:uenc roun weter may p s out of the i me-

tone in t o the f Ul in some l ce nod fro t till into t e limestone 

in ot er • The l ime t one renUy gr de into gypaum to th e at in 

OlD rte of the r G. A 1 driL. in t he sec . J5 , T. 2. . ' 
P. 6 • to e th of :L ·) e t enc un er d im tone t 7 feet , a sed 

out of toe imest n t 77 feet int ~0 feet of c y DU then en into 

0 ater ~ enc unter d . . 11 dr ill ed i n sec • J ~ ~ 17 , and 

18 t o dept. of ut 300 feet aent throug~ l ru-ge OWlt of g:n aum 

d encountered no ter . T u i t ~:. ppe r 2 tbr. t. unles limestone stringers 
• 

s r ncounter d lo11 the s ntur t ion zone, dry holes Ylill r ult, itb 

be exce-pt1 n of the brio encount r i n sum t t e e o t e 

Ruatl r fo ~ lion in vome p6rt o be r • However, as few wel s ve 

been r il .. ec in t 1a re , t oo little in or tion i t nd to r ch 

y definite cone u~ i ona . As sho• in the t ble of an lyse~ in tb 

p endi.x, he ter obt~ined from h one •~11 be ieved to obt in Gter 

fro tb li cst one Ole ber i too lo in u pb.~t t h .ve r o gb 

extensive gypsum bed , t hus indicatin further t t no appr ci ble ount 

of wf.it., r p s· es froa th B rrern t hrough t h C &t le nd l ndo form tiona 

1. ,to the Rustier forili~ tion. Tili point to the f ill of D r C yon Arroyo 

us th cbief ource of f1 t r found in t ne Rus t r f or li tion. s the 

ter oov ~ e st rd through t l i e tone d fil bt er i · , undeeir ble 
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sul h e .nd other ainer s re picked u in lut;lon until in the f are-

1 nd ar somewh t f rtber west t e ot r 15 unde ir, bl for drin .ing. I 

ddition , hi hly i ner i ed • ter percol t i n o nw ra from t e f rml nas 

ls 1 t e f ~rmed oreP co in los wit tue ater fro t he est. 

l6 o for·.. tion 

The c l do form~ ion _/ of Perm1 n ~ , sometimes r eferred to s the 

of Delew re Bnsin of Texas nd 
1s t Bull ., vol. 19 , p • 2 · - ; 7o, 

S 1 o for ., tion of the Pe !... n B esin: •:ll · ssoc . Petro­
==--~=~~.:.......;Bu=lh, vol. 23, no . 10 , 939 . 

"Upper C t l e", re s upon the C stile forrr. ~. ti n (" Lo er C a tll 11 ) nod 1s 

ov rl i n by the Rustler forms t1on . The bulL of t e S l l!do is JD de u > of 

t r atified beds of b i te (common s. 1 t) wit included bed of ydrite. 

Bede o pot sh occur throu hout t he nlado ect on, t r i cher beds 

occ rrin in t c upper p rt of t he fo ·tioo. 

Rs t her ext n s ve beds of g s u outcro i n upper Hac berry Dr w and 

·1 ng t h ace of e rr r bet een t e rr~r •nd t ~ ronti r 1 ls 

nd casoci ted hill tht- north. Th u in H&c ·berry r 11 c. pp re 

to be too high stratigr.p ic lly to b C tile, . nd it My be th e~uiv-

lent of t be S~l do ~1t f rtb r st, l tbou" it 1 equclly osBible 

t t it r pr sents the lower p rt of the Ru tler. So e of t e g sum 

bet• een t e B rr ·r . n d t e Frontier hills y of S "do e, but o::!t 

of the dopo it ~ p er t o be C ati l • 

s ter b s neTer bee found in t h l it beds of t he ul do, d 

.ster co ing in cont ct wit s 1 t r;ould oon b come highly 1ne. 
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t r occurs sp re ly in c ~els 1n the ohydrlte rn in th lt red 

nh;1dri te in he outcrop e.rea , here it i s som time us d t o ter tock, 

ev n hough hignl:r ch rgea writh 8llph. tea . J. e her t~ 

bi&hly . iner li ad to be uit ble for ~tock or domestic u 

a r is too 

• The thick 

r da occurrin in t lo .er utStler do not llo 111ucb ater to 

percol tc do nnrd from the Rustler .UDleston or the V'llley fill. It la 

ther !or in dYi b to drill into the .;) ·lado fo .. ion in ae rch of 

ot ble ter. 

C stile for atton 

Th lle for nt1on COJ1st for tne oat p rt of nded anhydrite 

ith incl ded -enees of it and thin bed of sand tone r.nd l i=e .tone. 

'I'h u er ds of t e form!t tion crop out inet t e B r er . bet the 

rrer n th ron t ier ill o The C atile r e ·to upon t, or ... t ioo of 

re Mountain group d lt.p u ag . !.nst e .C p i. t an nd Carl d · 

limeaton 0 It is v rle.in Ly t e d .s do e t of t ' Pecos iv ro 

Occa ion~lly, • t r is ound in c inth an ydri t tJ Ud in t e thin 

11 tone and e nd tone beds; but, s in tle nl do , t " t er i u ·1 y& 

bt y i ner l.ize o ater 1 move into the C sti c form· ion from tne 

C rl dli Dtones . It i in&dvi ble to dr.ll into the c stile in 

c rol: of pot bl ter. 



T ble 1 - Cheai.C6. tm&ly1ea -of ter ·rrea nll t.n the T1o1DU.y of Carlsbad 

. a lleptba ' Date & .Anal%18 - Puts per ai1llon a pecific: . 
I 

' or ' Use:aaaple& :lai-• ' a I a · ~onduc-: 
ell no. Jl ' Owner l well& Y: col- : Cal-:- • ne-a~icr.x--: Sul- ;Chlo- :liard- a tance 

5 
: 

: l in . :lectedc ciua :siua:boD te:pb&te :ride : neH a • 10 : • 
i ; feet ; ' i (Ca) ;.( da(HCOJ):£§04) &CCl) . , C2s• c.>: . 

el :s 3.1! ~ 0 t!l_! ~uthe d .sout.fl of Carl bug 
1938 

• Ga lton 17.5 s Kay ll 1,106 162 278 1,8 4 ,150 966 
UnKnom 25 .0 ,o • 1 ·s 67 186 138 2, 22 1,045 636 
Unknown ?3.0 , s My ll 660 197 207 ? ,'100 933 ~ 590 • . 
P rdu -nd Gult r 18 •. 0 llay 11 6&. 134 2 ,361. 1,153 690 " F. YD yer 80 . S, D .17 74 100 99 74'9 526 1,097 296 • 
On lrtl 2J .7 s hyll 668 181 144 ,041 939 574 
Ric C rt r 16.0 l&y 11 740 206 106 ,053 1,560 2,695 

, 
7l:iJ 

Un.kno.n 20 .0 s llay ll 718 315 130 2,495 1,5~ "824 
Pardue and Guitar 24.4 s yll 1,532 735 
Cole 4 • s May ll 7 0 192 u 2,064 1,2,5 641 
T. • Y rbo 18.0 s I y ll 2,072 8! 5 

ell~ in t.~ v lle~ fill 'll! r Le Buer~ 
1940 

l. 7.19 . 411 Sp ncer 43 D Apr.26 584 197 /Jl05 1,, 7 8 5 546 
1.27 . 29 . 3 1 H. C. Petree 40 D Apr.26 628 230 J./199 2,3J7 1,102 67) 

21.27. .141 J. Pot-ter so ti Apr. 6 613 161 us 1,993 755 5 8 
. l . "7 . ,30 . 142 yn vr ge 60 D A.pr. 26 572 SJ /Jl39 1,87 8 528 

., 

,.. 



Tabl6 1 - Continu d. 

I clis•a - P8r~ R £ mil ion ' p cific : . u ... e:oc!Dple: :aft!e-; ~ : conduc- : An--. 
e11 no. 1/ Owner Y• co.L- : c - : n~-:Bic'lr-: 'ul- :Chlo- ; iiard-: w.nces • l yzed 

' ~lected: cium :sium:bonnte:phate : ride ness; K Jf. 10 • b] J/ 
' : • ' (Co) J(K&);( tlC03):( so,) :(C ) :( 5° C.}: 

ells in the ,alley fill est of t.be Carls s.d C n!!.l 
1939 

22 . 26. 5. 42 c 88 150 D Dec. l5 113 54 254 65 504 102 • • 
1942 

2 • .25 .430 R. V. Barfiel d 140 D •eb. 2::3 84 31 380 '79 15 36 
2:' . 26 . ':? · 44 • W rtiJl 140 0 Feb. 26 ~8 37 326 104 2 372 
22. :?6. 35 . 2 ... 0 Cit· Ai rport 155 D r. 9 8 31 350 42 5 341 

1 39 
o. . an on 90 I ep. 13 524 .L69 13 1,692 744 2, 003 4~1 B.~ . • 
J • . bora 83 D ep.l4 404 135 183 1,314 533 1, 564 331 • 
To Ernest YJ ep.17 541 179 156 1 , 302 777 '} , .:> 6 505 " 
D. . ' on 2 D 'ep .15 J46 112 1· 1,0 2 425 1,324 320 " L. &rren 80 D ep.14 ; 15 372 " • 
!lee Black 80 D ep. 15 493 361 " Joe C rlton 65 D ep .l.4 468 14 158 1, 5 4 6U 1,777 425 " • L. N nee 60 Seo.l5 640 436 " 

B rve 11 fiel d 68 D p.15 320 113 9 1 ,oa3 3 1, 63 ) 18 " ~ . 27 .1 . 7.3:? A. A. orr ell 5 D ( op.l7 359 118 175 1 ,16.2 455 1, 3 1 J36 " ~· 

2. 7. 1 • '. 3 b c. c. us sell 7'; 0 ~ep .18 437 356 " 
. 2. 27. 20 • .1.1 E. c . Alter hoid 146 I ·•ep.17 7 7 514 

2'"' . 7. 20 . 113 t~eal , Jr. 110 I ep .17 59 233 166 1,38 951 , 471 562 • 
2~ . ').7 •• _0.131 vllyer , 

5 D Sep. l7 436 1;4 138 1 .455 603 l,T 1 411 " ;- ; . "7. "J . l33 "tt e•s 206 D ec. l4 100 '/4 506 281 553 185 ... 
1940 

? ..... . .. 7 . 0.143 ui on 1 7 I r. 6 37 128 !.t/196 1, 146 530 1 ,45 .354 B.S. 
1939 

~. - • 27 •· -333 F' • entry 195 D ep. 17 384 134 171 1, JJ. 515 1,509 364 • .. 
1942 

22 . 27 . )0 . 3-:. ere' nt 07 Fe • ..L ) 56 "~52 345 79 575 

·. 



- Cont.inued. 
~ · ~ 

1 Dept · a 
: ; of : U:le: : 1 l OUC-' Anfl 

11 no. 1/ : Owner wel : y: OJ. - ; rd-; tancg : l ysed 
in : :lee ted: D t; S ;.( 10- ~ by:J/ 

!:!21~: d ~0 I l i 
. ( e1 in th v llcy f U at of t Cc...r1 d n~ - continu d) 

193 
~1' . 27 . )1 . .31 !C . C BS 60 .. -c.15 164 1 6 4 8 205 845 174 h . r.t . .. 

19~ 
:?3 . 2.6 . J . J.I • c ~ ss 300 D ay 14 60 117 . 28 02 
~) . 26 . / .421 N eyer 176 1r. 9 2 115 10 348 65. " 
" ) . '27 . 2 . 331. For nd 136 . r . 9 78 30 22 J75 !3 . 3 " 

d!rivin~ 

21.2 . ) • 14 • Pip in 62 165 6 256 3 4 1 ~6 7 15 " 
:>1 . f .• 35. :' 3b rd 14 ? 2 lJ. .f. 
?1. / 6. 35. 32a ~ Jons ' 3 154 146 • 
? l. (_,. . 35 . 32b ' 7 6'12 57 36 2 B. ho _e 'f 4 24 ., 44 . 
~1 . ,., 6 . 5 . :.J4n Rupert 71 0 156 137 . F • • 
~1. / E.. 35. 3~ b Br noon 6 D 157 63 386 152 651 J.4 B.G. 
l. . )5 . 24 Cox 233 194 . • Y • . 

21. , • 35 . 412 p Ul enned,r D 151 143 • 
'l. ., . 35 . 414 H rve · Busc 9' D )02 :·-1 " . -:)6 • .35 .43 Dick on 114 I ep • • ~ 15 ' 7 48 5)0 196 67'2. 69 a.u. 
" . . 6. 5-444 Torn cKinney 71 D e . 26 1.34 1 5 . l '. , . 

1940 
~1 . "7 . 31. ~ 1 • !A ere nt 30'" D Apr. ~6 

l J9 
57 57 !:/":. 3 429 J. 1 a . ~ . 

• . l ; l e E. • ~ t 11 4 D Oct. . ~4 144 lJ .. ~ . 
.1 .1 " lb • 0. Ca thc rt 74 Oct. U 152 144 " 
. 1.12 cKtnne.y 6 uct. 24 755 45 ... " 

. 124 L 7 D Oct.24 166 4 " . 
.1. 233 ) '"o·1thwestern 150 D Oct . 6 165 147 " 2/ • ..,6. • " 33b) ?n[ll lc 'e"1ce Co . 150 D Oct . 125 55 #.u. 331 11.4 538 1 ..,6 B. . 

22 . 26.1. ~.33c) C rl· d, ) 7 D Oot . 6 16 44 ,, .Y • . 
.( • ?6 .1. 33d) ·exico JO D Oot. 6 13.3 64 16 )' 3 170 5 5 1/, B.S. 

m 
w 
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T b1 1 - Continued . 

te '~--~An~al~y~s~e~s_-~P-a~r-t~s~p~e~r-=mi~l~l~i~o_n ___ 
Uaeua ple1 : llag-: ; 

ell no . JJ Own r £/: col- ' Col- : n - : Bicar-: ul-
•lected: :eium:bon~te:phste 

co ; so 

( ell ~ ~ e one - continued) 
1939 

• c. Au tin D Oct.24 l5S 
J. Bry 81 D Oct. 4 212 84 :!50 5 3 284 

• C. See1 104 D ·ep . 6 76 60 146 3.36 52 
Jobn Cooper 115 D ep . 26 80 56 190 223 109 
G. Cooper 100 D Oct. "4 70 5 25 147 73 
C. c. Y:eet 113 D ·e . 26 160 

• Kuehner 94 D Se . 26 72 47 lz/226 15<) 
L. L. renillian 6 D 
J. C. Todd D 65 J3 /J2 4 4 
T. .• Pierce 115 D 82 
red Hudson 145 D e p. " 79 

Briggs 6 D Oct. 9 96 
• E. Bur BO D Se p. 26 12 

l -3 
22. 6 . . JJ4 J. F. Huniek 1 5 D ' r.l5 258 7 
2 _. '? . ) . 2.32 . ppy Valley F r~ts 345 I A g.lO 214 6J li/19 ~ '64 
2 - . 26 .11.14.3 • H. T ylor 172 1 Aug.10 145 52 lJ21 342 135 
2.2 . 6. 14. lJ c- tephenaon 130 I Aug . 0 9 3~ y -; 2 171 78 
2~ . , . 2) . 222 art D Aug.lO 126' J9 2 9 18.3 5 

'ell erobabli in liaea~ne of the Rustler fon fa tiOD 

1 39 
~.1~ .~ T. J. LoveJo:z ,ll~ Dec.l~ 1052 !t6. !a/..228 "'Ill. !4 

r description of sys t e of numbering we l ee : ge 
£I , o~esti~; I Irrigation; r Stock. 
ll lll a:nal_yses ~ veo o ic 1 urve u.oept as otherwis e noted. Name of ansly&ts; 

Benton Stone, r., lf lter F. ite. 
~ Include s. ll amount o. normal c rbon&te. 
Y ter an,..!yee obtnined from utbwest.em Public errtce Company. 

.,., 

48 
74 .1 

436 102 
43 105 
)83 91. 8 

lJ6 
37'3 9 ..... . 0 

.s 
98 4.6 

5. 6 
79.6 

1 l 
ill 

.9 
7 3 
576 
354 
475 

"~ 4.7 

nt:l-
1 zed 
byJ/ 

" • jl" • 
B. I. 
" n 

. " 
.:·. 
B. I. 

. 

. 
n. F. ' • 
B. I. 

•• • i • 

" 
" • 

!i.l 

~ 

Burdge Irel nd , H r ry ug _ r, 

m 
~ 
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T 1 Analyse of w t r fro t C r1 d s rin re near C 1 bad 

; l)eclfic 1 

n te To 1 :conductance: Ana-
., . o11ds I K X 105 ' yaed. 

:!65 c. ) ' btl/ 

(1) r. 15 , 1 3 .468 12 1, :J05 5 5 414 H. • 
( ) Apr. ~ , 1..,. 3 1 a 1, 5 510 A 6 II 

{3) Jul , l 1 6 , 477 5 J " , 
(4') July 11 , 141 573 41 
( 5) Nov. 5, 570 L.OJ 
{ ) une 3, 605 420 
' 7) \llj . 2 , lJ6 84 ,498 60 3,.31 ~ 421 

·~ 
Oct. 53 1,4 0 5 0 414 " b. 137 1, 570 6 0 , 480 l.~J H. . 

(10) r. r. ' J 164 , 588 6.c 5 3,520 . 4,38 B.I. 
(11) Apr·. · 95 4.30 B.s. 
(1 " ) j, y 4 l s y 3 1,526 5 5 3,358 4..:-0 . ~ 

1 (1.3 ) 

Small BEring 

r. 7, C• ' , 419 172 ,070 1 4 B. I . .. , 
(14) eb. 1~ , 1940 ll ,245 500 )6 ... 
(15) 1 .. ' 1)8 4J 178 , 640 651 447 .. 
(16) Ju ly 6, 1938 . J 1, 6~ 6 0 447 
(17) 1 1'f 138 1, 33 6.30 445 II 

(18) 5, 1938 32 
( 1 ) ., &: ,., , 675 462 
( ' ') 1, 56 40 1, 62 630 445 

j l 5, 42 • • c.t .H. 
25 , 536 15 162 1,68 675 3, 2 462 B. • 

3) • l , 6~0 451 H . ~ . 
' n1l sprin~s op 1 ft ·al e of Pecos 

(~4 ) Ju1 ':97' 90 77 .• 1\ • ., . 
{ 5) 334 ~ " , 34 3 6 . I . J 

(26) 376 11 ,6 0 350 • 
(27) 450 1 ,140 3 · " 
(2 ) 410 ~0 345 B. . 
( ) :r · 122 ? , 36 J II 

("0 ) . 3~7 B. 

Roswel 1 bor~tory . u o ogica .;..~urvey, .oo e ini tiuls 
1ter F. llt , 

r st 1 r, Benton <tone, dge Ir lun . 
(COJ), .9 part P r 1 ion . 
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- Contino d (An ly ee of t r from t h C ~ls 
near C rl~be.d ) 

s prtn· re. 

er s 1ng ov ~ ei~. 

o rig nk of ? .coo belo i sla d bet een 
arm houGe uou t of here . 

~ l ·ht ba ·: . (On of .., vor!il "boi.u:i 11 

ool under low r end of 1 e above r s d 

r' ow contr " by ooden tr No al 

ide of p cos Ri ver . Te • 
flr. t oyo . tiJ i nlet of 

ed of c nd rr y o bel r d llu on '1.. e left n 

o P co 1\ivt~r . T ~ •· ·r in \. c; .• u ~ f r om t J fir& t 

o~ ' j st i:>i:o ditor cronsin · • 
re n irs rro o b lo l e lu e. ltlp ed ec.bout "'.-

n ,.ur oJ iruat e t :" id J een the ir t and 
e Carl ' 



Table 3 - e 1 recor s 

. surin8 QO;!n t ~ : Depth to : Depth to . 
.Re- : Feet :D te of ter aDate of w ter 

ell no . 1/ 01ftler : ported: Dim- :Use:Altitude: above 'measur -:belo land ;me ~ur -: lo land 
: depth: eter : 2/: : l11nd . ment surf ce ment sur face . 
:( feet) d inche ) : . {feet} : surface : (feet) . : (feet) _ . • . 

ells deriving wat r f r om t he vo1 el_ f!!l 
(1939 ) (' 4 ) 

22 . 26. 25.242 . C GS 150 6 D ..2/.31 5.0 f l ush Dec.l5 91 •• 82 
22 . 27. . J.i.2 tbony 17 6 l/3091. 32 • 2 l.pr.jo B .• 26 
22 .:n . 1;. 244 On own 10 ~307t~:. . O 1 sh 'A 1r • .30 7. J6 

(1940) (1 40) 
22 .27.16.333 Brie ey and ith 44 6 s :2/3117. 57 • 57 llar .11 32 . 61 pr . 30 .41 

(1939) (1940) 
2? . 27. 17 • .333 o. w. anson 8 I 31.34.06 2. 06 ep . 0 35.43 
22 . 27 . -444 Tom Ern st 6o 6 D 3131. 08 1.63 oep.l7 32. 5 rAny 2 35 .80 
22. 27 .19 . 213 M 1es B1aclc 80 6 D 3140 . 60 .70 Sep.l4 43 . 51 ay 4 47.4J 
2 • "'7 . 1 . 214 Jo C rlton 65 6 D 3133. 40 flush e, .14 3 -34 May A4 41.02 
22. 7.19 . 731 Barve ayfi 1d 68 6 D .31A5 .13 1.70 uep.l4 47.85 ay 4 51.34 
22. 7.19 . 232a A. • Gorrell 85 6 D 31AJ. OJ 1.70 ep. 1 45 .• 85 May 4 48 . 91 
2 . 27. 19 . 232b c. • Russell 7 6 D 3145· 5 . 81 e .18 48.99 May 4 52.16 
22.27. "0 . 131 • Hellyer 125 6 D .3143. 57 1.00 ep.l2 4 • 7 a.y 3 52.16 
2"' . 27. 0 .133 Yatthe e 206 6 D 3146. 52 1. 50 Yay 3 5A.04 
22. '"'7. 20 . 1, 4 J. utry . 126 8 D 31 . • 66 flu&h ep.l7 49. 04 May 3 50. 57 
2 . 27 . 2 . 1~3b Gibson 127 8 I 314 • 2 .20 tlar. 26 4 .82 
22. 27 . 20 . 333 F. Gentry 195 D :2/31 5~.37 1.37 fi'Y 3 64.26 

(1940) {1940) 
22 . 27.21. 222 ftalte r sheid 6 s ,l/3106.97 1.97 ar. ll 31. 83 Apr . JO 2 .73 
2 • 27 . 22. , :24 • Bales 37 6 :2/3093. 2 .82 ar. ll 1.81 pr . JO "' . "· 
'; ' . 27. 2 .44}. Gadrury 16 72 s j/3062.00 flu h e.r.ll 1 • 5 Apr. JO 10. 97 
2. 27 . 26. 223 J. G. Ewers 40 6 'j/3076.64 • (>4 Uo.r. 1 10.52 Apr . 30 18 . 69 

2;' . 27 . 26.444 Unknown 6 s J/3074. 40 .• 40 ar.ll ' 1). 02 Apr. 30 10.72 
27. 27 . 27 .122 J. c. est 40 6 s 'J/3106. 54 · 54 llar.11 ~ 1 .00 Apr. JO 27. 53 
2 . 27 . 27 . 333 Lopez 140 6 s :2/311 .40 .40 Me.r..l2 J~ . 79 Apr . JO .30. 67 



T 3 - Continued . 

I • ' easurlng point: Depth to : 

<'nuer Re- ; eet J te of ter :D e of t~r 

e 1 no. Y : : ported Dlaa- :Use:Altitude£ above :me sure-: 1o and•m~ · sure-:bolow 1 nd 
: depth ter 'y: 1 lo.nd ment urf ce · nt ur!' ce 
: (feet) dine esl: (feet) :surface: : (feet) : (feet) 

Glells derivin w ter fro e v. lley fill - co 1t i nued) 
19.39 1940 

22. 27. 31. .331 C sa 160 6 2/J2C7.10 1.10 Dec.l2 7 .7S 7 3 116. 
1940 1940 

61 6 J/3106.0 lu h nr. l2 4 .77 ! r.JO .38. 3 
c ss 290 6 D ay 14 ..,25 . 6 

' 76 6 S J/J 5.7 .7 ny 3 139 . 82 
2 4 2/3 65 . .8 15 . l 0 A r. JO . 18 

3 6 s J/"087. 1. 5 () 0 8 pr.JO • 6 
14 60 s J/Jl .o f1u5h a .. o F' r . JO 6.29 

1 5 6 .J/ :>1 1. 0 M , .3 113. 20 
ee t bl 4 for record 

Un own " " It " " 
Unknom " II It " " 

itr ,, 
" " n " 

" " " • " 
18 4 3060 .0 1.0 ar . l2 _, . 02 Apr.JO 't o 55 
16.5 60 30 7.0 1u&h M r.l2 14. 06 A r. J 11 . 36 

see t bl 4 for reco 
" " fl " n 

? roue IJ 0 ( 1 Gui t r " " " n 

L. • Arthur " " " " 
Cole " It " " " 
T. • Yarbro " It " " 
On.kn"""" s .30 2.4 .4 r.l;· 10 . 97 r .... . Jo l • .; 
c. . Ee m n se t blc 4 for record 
c. .. eemlin " n " " " 



-
' 

. . : !!~sur!g£ 221Bta Depth to I • Deptt to . • • . . R- ' 
. t Feet : ette of •6.ter :D t of . tar "' • . . 

ell no . l/ 0 ner ~ported: Di - :U e : titude: nbove : aeERur -:bel o lanc:ae sur _, belo land . : depth: eter ; y : . ' la.nd ; il).eot surf nee mont ruf ce • 
' J( fee~):(1nche ): . (feet) : u,rfe.ce: : (feet) : ( fee t) . 

el.ls deri"Ying c 

. 26. )5 .21.4 L. • Pipkin 62 6 3156.24 1. 50 J.9 .J..7 y 6 48.60 
21. • .3 •• J oraen .BArris 80 6 D ;1.62. 48 fl sh 56.94 II 1 6 ./ . )4 

• J n s 83 6 D 3~65.1.2 l.SJ 57. 5 ey 6 57.77 
• Cox 62 6 3157. 2. 1.04 50 . 54 ~y 6 49. 6 
• C. Br ndon a6 6 D 3169. 56 1.96 61 • .38 •ay 6 ·61.13 

P ul !l nneay 6 D J 7 . 5 1. 56 4.83 
1 . Die ·son 114 I (r or ted) 73.00 

L. .R. ott · 80 6 D J/3121.89 • 9 Apr.26 l ./.3 
• Mercbaot J02 6 D ,ll3ll5. 2J 1. 23 pr. 26 1) . 65 
M ys D 3U4.2J . 80 Oct. ~.4 4l. J ' 6.7 6 )8 .30 

outb Gem 150 5 D· 3108.42 y Oct. 29 29. 3 b. 6 6.77 
Public 150 D 
Service 150 5 D 
Company 237 12 

o. c. eel 1 4 6 D 317 .77 .64 ef) . 26 65 .76 'b.1 6 5-34 
J. Cooper ll5 8 D 3175.06 .61 p. 26' 68 .17 
c. c. est llJ 6 D 

• l rchner 94 6 D 3171 . ~5 .60 Sep . 6 64.46 . 
J. c. Todd so 6 3179. 3" .oo 5ep. ,6 66.5) 
F. Hudson U5 6 D Jl 7.:;;1 . )Q • &p . ~ 80.52 
tiunick 105 6 D )190.37 .90 Dec . 81.15 
Briggs ·a6 6 .3167.U 1.30 ct. 9 ~'9 . 5.3 62.44 

•· !. ~.ral. so 6 D 3166. ,52 . 5 • . • ~6 9.48 58.95 
Happy ·Y lley r ras .3~5 I 325 .52 flueh 143.52 
Tey'lor 152 I 
Tarlor 262 I flu h .fM.l5 59 .82 
T. arquess 116 I (re rted) 35 .40 

tepheruson 206 'I . 
0'\ 
(.() · .. 

.. 
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T ble J - Continued. 

. • 
ell no. !/ : . • 

er 

J. • Lovejoy 

. . 

: ' ' : eMiurillg ; De tb to ; a C.pt 
; : : ' : De te of w. ter at t of ' w t r 

:ported; Di m- :Uae~Altitude: :me aure-:be o 1 nd:ee~sure-~b6lo l rnd 
&de .tb : eter : 2./: ; lruu.i : !Uilt .,urf ce 1 ent Q!rface 
:(f eeth(incbes): & ( e t) :surface: • (feet) a (f tt) 

315 6 D ( l e. ort d) 267.0 

aee e 
• 

lc of C ·rl d qu~dr ngl o clo ~t 'oo t • 

. . 
•' 
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~ %able 4 - Depth to !!t r 1q ob3trya~1on 
. 

) .2 . 6. 3.33. • • G lton. toe · l_ , dui 3 by .3 feet a usre, 17 t .eot ep • 

C sed 1th eoncret o 4 fe t, unc s d re bin er of depth. e s rin in , op of 

2 by 4-inc oo pi p cl p, north i de, ~t cop er n 11 •it ~. . 5 foot hove 

1 rf ~e , tu e J ,OJ.7 • . e t, ea imnt d frolll to. ogr p P• 

ter , i' fe t o l d urf ce atu , 1 3 -1 140 

ter 
l•yel 
10.15 

8 . r,.. 

Apr . Oct . 1 .44 ep. 
r. Oc • . 35 Oct . 2 3 . 56 

Apr. 1 .... . 0 Dec . 12. 4 Oc • 9 . 50 
11.71 1..., . ).3 ov. 6 10.61 
11.0 ., , .l "'! 13. 2 17 11.65 

7 11. 17 :'1 .U. )~ l l 13.12 
June 1 • 9 r. 8 u . 5 4 , ' 940 ) . 7 
Jun ll 13. 0 .30 14.51 ,;.9 14-55 
June 21 1.3. 54 .3 l1. 3d 17 ., . 64 
July 1 . 6 o. 4 r. "' 15 . J 
J\\ y 1 1.14 AJ1r . 11.4S 

g. 3 3. 27 

2) . 2 • .1)1 . Owner unknown. t toe ell dug J by 3 feet s~u re, 25 feet 

sed •1 h horizant 1 ood cr1bb1n • ring · oln , top of 4 by 4-inch ost t 

nor h'lle t comer of curb, foot bove gener 1 &nd ur!s.ce, 1ll tl tude 1,0:3.3 feet, 

. ti t d fl"O:) opogr ;>hie P• 

u.ter lev l , io f et 1o L nd urfuc d t:.~ , 1 .38-1940 

ater 
lne1 

15, 19.3 1939 8 . )8 
6 ep . ) . 

Oct. 26 Sep. . 7.)2 
ec. J Oct. 7.16 

Dec. 21 Oct. 20 7 • .39 
Jan. 1, l J') ffov. 6 ) . 
Jan • • cl !lOY. 17 10.17 

June 1 feb. u Dec. .1.1 11.45 
1 8 1 liar . 8 .Jan. 4, 194 .)3 
Jun ~1 17.52 r. JO 1 .:, Jtn. 15.02 

1 
July 1 17.24 Apr. 1.3 13. J Feb. 17 4.95 
J 1y 16 , . 12 T 2 15.29 ar • 2 1,3.94 
Aug. ) 1..4. ' 5 Jun 1 1 • 

.. 
.30 9.56 .pr. 

Aug. 2.) 10.10 J l:t 18 7. 



72 
~ ! bl 4 - Gon~inued. 

·; .7 .9 . 314. 0 n&r n· no n . Stoc.Jt e 1 11g feet i n d i t.leter, 3 feet deep . 

One aed . aur!ng oio+, t op of by 4-lnch ti:J r t aoutbe at orner of well 

op n1ng t op Pr n 11 1th sh r , t land surfftce, titude , 0~7 foft, ea t ru t d 

f ro tooo r opuic m p. 

a ter 1 ve , i f e t bolo l~nd rf c d t u , 19~ - 40 

-
193 July • , l ,.:;tJS 1, . 5' 

July 16 17.1 . ov. 
1 Aug. 3 18. 5 Nc . 

21 ug. 23 16. D c. 
1 2 • ep. 1~ 15. 7 Je • 4, ;4 

11 r ;. s2 Oct. 6 we filled in J e..o . 29 
1 1$ . ~ July 7, 193 17. 53 f e b. 17 
1 p. 5 s. 7 r. 2 

June ll bep . 19 15. A}. r. 30 
J un ;'1 Oct. 2 16. 62 

'.) . "S. ll.131 . P r due end ~u1t r . Stoc . ~el~ ar ' l e -:3 1.nche 1n di et er, 1 

fe t eep . I r on cesin • Me sur1nc.. oint , 0 0 c in J 3.1. f t bov # nd ur f ce, 

l t t 6e . 6.4 f t , st·m .. ted f r om topo.;ra m P• 

ter 1 V f! , in t l ~tn ur f c~ t r.o , lf;J'_- 9 0 

eter 
l evel 

7. 25 
. 59 e: .... . 

Apr. 111 . 25 ' 6 '3 . s ,:. 
r. • 15 Dec • J 11.50 Oc . ?. 

1 9 . '7 Dec. 21 10 .10 c • 20 
y l l 9. 6 J an . 7, 19.39 10 • .36 ov . 
'I "1 . • J.J. J :u . . 10 . 69 No •. 7 8 . 22 

JuDe 1 . 9 ~ Fe b. 1 10 .79 Dec. 11 8. 4 
June 11 10. 37 8 11.00 J em . 4, 1 4'J .- ' .42 
J lie 21 . • 62 30 10 . 5 J. a . ~9 o. 6 
'July 1 10 . 52 13 . 35 fe b. 7 10.42 . 
July 16 - . 

. 32 2. 9.1 r . '8 .92 
Aug. 3 . 5 1 • 9 li pr . )0 6.31 
.Aug . ,. 

7.94 .. 



Ta.ble 4 - Continued. 73 
3 b,y feet , 2 . 7 e t deep . 

Unc sed . urtn . 1 oint , t~p of by ~inch ti r , nort et corn r cop " r 

!end arf c, · 1 it de 3 ,•?5 t, t e\ .t d fro o ogr pbic 

m. P• 

ter 1 vel, in t belo 1 n rf ce us tnm, l 3~ - . 4 

15 , 19.38 
6 

"6 
l Q e: .. ... Dec . .3 
l .56 Dec . "1 19 
19. s Jan. 1, l .39 6 
20 . .. 7 Jan. 21 17 
2 • 1 P'eb. ll o. 4 11 19 . ' 8 
;.'0 .14 r. J! 21 . 51 4, 1940 19.79 
~ ·'.3 r. 30 1.17 29 .... 0 .72 
19 . 5 Apr . 13 2 .10 17 20.82 

"] . 52 i y 2 o. 0 30 0.84 
u •• .74 Jun 1 ~0 . 68 

17.73 July 18 1 . 54 

, . ? . ~ . ~12 . icn C rter. Stoc ~ ell dug 5 y 5 feet qurr , 16 f et ·deep. 

Unc a • suring po nt , o of by 1.-inch timb r uprlt~ht , o thwe t corner of ell 

curb t co ~er n 11 1 ~ . J f .t bov l d uurf oe, i tude 3,042 feet, 

e 

I 
ed r m topo ,r pbic . a 

ter level, in ot low l end surf ce d t u , ?3~-l 40 

. 
et" . 4.42 

Oct. 4-.83 
"1 Nov . Oct . .22 ·. 
1 7. 1 Dec . ) Nov. 6.74 

ay l " . 47 Dec . 21 Nov . 7.42 
J.f y '2 7.15 Jan . 7, l 3 ) Dec. 9.74 
J ne l 5.75 Feb. 11 • l ec. 9 . 21 
J nell 6. 55 r . 9 ) . 65 Ma,r. 2 ' 1 40 $.3 .30 
June 1 6. 49 A r. 14 • J.l Apr • 30 5. 69 
July 1 7. "'4 July 27 4.64 
July .l6 . 4.62 ug. 15 J . S8 
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T ble ·4 - Continued. 

~ A n oned well dug 6 1 et in i u'"ter, 

.. p. Un Me • ea urin oint, top of ood pl tfor ov r well t northwest corner 

of t.r • or 6 t, 0 8 ed fro 

c ee • eJ . e ~ S tr Dlf ,JOin , 4
• of tlmbar · nn tn '! r: 1 , n c.r c n r 11 c p er 

oai ' t r, t ~ud u ~ ce, i tu e ,., , r-.20 eet , t .i. 11.E: • ft·om toiJ ~r uo ·.a • 

'i-\R t r evel , ill t be o nd urf ce t um, 193 -1940 

ltate te. 
lev 1 Datt 

ter 
level 

r. 
Apr. 

pr. 
pr . ov. 

May Doc. 3 
1 11 Dec . 21 

!!ay ~ J 7, 
J 1 ' 1 
J n ll 11 
J ne 1 7 
Jl!l;r 1 Apr. 1.3 
.Tul.y 16 2 
Au • 3 
A.u . : J 

1938 13.67 
l .r:. J l 
16.~ 
17 . ) 1. 

.46 
l • 2 

1 .:; , 1 . • 74 
~ . JS 
1.17 

' 1.32 
17. 9 
1 . • )0 

. 10 
l !, . 4 5 

July 

' iov. 
ov. 

Dec. 
4, 1 40 

17 
28 
JO 

1.4.87 
13.69 
12 . 5 

) . 2 
1 .17 
l l. lJ 
l7.o6 
17. 89 
1S.93 
·?.o.l 
20 .85 

.62 
17.46 

.. 
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Ta le 4 - on inued . 

• rt ur. ~tooJC l drill ed inchee in i em t r, 45. 4 feet 

deep. C sed ith i ron ~ ing o an unkno e t h. ~e aurin oint , t o of 6-incb c -

in, foot •bove i d urf ce, altitude , 4. f t, cstl ~ t. fro to1o raphic Uj;). 

21 
l 

11 
21 

Jun l 

I. u.ne ll 
u e <.1 

July l 
u y 16 

3 
2) 

. tt!r 
1 vel 

7. '" 1 
:n . 4S 
37 . 
3J. J9 
J6. 5v 
J6 . 5 
.36 . 4+ 
J5. 5J 
~6.15 
J •. 2 
36. 0 
J .05 
'j4. 7. 
3~ • 

in eet below l tmd surface d tu , 19 3 - ~ 4 

... ep. '"4 . 51 
3:? . 19 
3: . 05 

J Jl.d) 
l ov. 3'' • .31 
7 , 1 )9 ov . 32. IS 

21 De • JJ .71 
ll J n. ;., 1940 34. 60 

ar. 7 37 .01 J& • ~9 3 .44 
J.pr. 13 )6 . 4 .eb. 17 :;6.00 

y 2 J . 42 !A r . .B :;6. 39 
Jun. 1 )5.59 r. 30 )6.10 
July 18 3J. . J4 

. 3. • 3 2 . tlr . Col • ... toe el dr 11 a lnohes in di rn ter, ~~ - feet ecp. 

Iron -:. l, g . b w r 1 v&l in t is el ie for t c econd er- ring bed .. 
nco• n red in bi 1oc ity. suring point, o~ o CL in ·, oot f:l.bov~ 1 nd 

~ur c 1 it J, 71 eet , t i t; t d fro P• 

t er l<~Vel, 1 f et lo l ~n sur ce a tUll, 1938-1940 

, ~ ter ter 
level level 

5. 9 .3, 19J8 939 11. 00 
14 .77 15 11.41 

. 4.06 Oct • 6 1. . 41 . 
Apr . 1 -; . 30 Oct . ;:s 1 .,.,b l J. 

y 12.70 N·ov . 8 13,1., ep . 1.60 
~y 1.3 .06 ec . J ; . 5 Oct . ll . S5 

~ y 13 • .30 Dec. l 14. 4 Oct. 12.0 
June l 1J • J~. 7, J9 11; . /?9 Nov. 1 . 84 
June ll • 76 F b. 11 14. 1 Dec . 13. 5 
June 21 1" .65 r. a 1;.17 28 14.12 
July 1 13. 22 Apr. 14 1.3. r. 8 , 194>J 1.3 .46 
Ju y 1- .0 3 June 2 10 . 15 .30 1- . 1 



n 6 en u l ng oint, to 1 of tll!lber . t ut 81 t corn cop ,er ne~l ith s r, 

t l nd J , i) .c.: _ f et , ti!l! '' t d f ro 1 o o r t lhic l:!o • 

e er l vel , in fe~t e o 1 nd surface aat u111 , 193' -l·· LO 

a e D te 
ttr . 19, 15, 19) 

A r. 1 Oc;t . 6 _ , . (;. •. } 

ll Oct . 5 
1 15 . ... N v . OC"·. 
1 5· 5 c . ' c• .. 

u 1£, . ,... Dec . Nov. 
..-1 17. JR 193 v . 17 

June 1 17 .9 l ' .. ' · 11 
June 11 1 • 19. / 1.. , · JO 
J 2 17 . 40 . f:f) c.9 
July 1 1 . 70 3.94 7 
J ly 16 16.26 1<}. 05 r. 2 
.lug . 3 16. 3 16.10 JO 
.Aug . 2J 15. 35 17. 30 
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T bl 4 - c o inu d . 

4 • . . ) .4 J. c. Bee toe ~ d f eet i d i~ et er , ,. 
· ·5 fe f: t de • 

nDC 8 d . po n i t op of t i vu t 0 corn r of .- 1 t co p r e.il 

w1 t 6T 1 n ~ r ce , i ·d j , . oet s tim t d fr ' hio n: 

ter covel ' in .f eet t-e1o . n sur ce ·a t , 193 - 1 

t.er 
l el'' 1 

. 59 
, 

9. :) 
.... 5 1•.38 e . 

Nov. a 9. 86 Oc • 
Dec. 3 l • 3 Oct . 
ec , ~ 1 1 • OV • 

J n. 7, 11i39 1 ov. 
J t:n . 21 l 53 Dec . 
~ b. l l 10. 7 j ao . 4, '140 ;. . 29 

7 o. 8 9 l • 
11 . ~4 . 17 2.7 

l • 7 11.02 8 u .oo 
u~ . -1 . 93 l. 6 30 14.10 
U R . ~3 Jul y 1 1.05 ., ' • 
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STORAGE TANK 

NO.3 0 

N0.8 

N0.7 ° 
o N0.6 

W. ·sTEVENS STREET 

Figure 4. Location of municipal wel , Oarlsb~d , • -!ex • . 
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of m~icipal water plant, Carlsbad, • ex. 
caused by pump in nearby wells . 
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SCALE 
2 

0 I 2 5 MIL tS 

EXPLANATION 

QUATERNARY 
VALLEY FILL-WATER OC•;URS IN SANDS, 

GRAVELS, AND CONGLOloiERATES,HIGHLY 
MINERALIZED IN IRRIGo\TED AREA, 

PERMIAN 
RUSTLER FORMATION- HARD WATER 

OCCURS IN . LIMESTONE MEMBER. 

SALADO AND CASTILE FORMATIONS­
HIGHLY MINERALIZED WATER. 

CARLSBAD LI .. ESTONE - HARD 
WATER OCCURS IN CHANNELS. 

WELLS 
IRRIGATION DOMESTIC DRAWING WATER 

@ 

• 
A 
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