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Dr!BOlJJCTIOI 

The Indian school at 'l'horeau, Mcl:1nley Count7, Bew Mexico, has been 

closed for s~eral 7eara. When the school was in opera,1on, water waa 

supplied fJ"OM a well which 'Produced f:ro~~ aandstone in the Chinle foaa,ioa. 

The -pump vas ranoYed and the vell waa oapped at the time that the IOhool 

was eloaed. In 19~ the Ra'h,Jo Serrl.ce det~ired to r~en the eohool. !he 

Geolo~:ical Surve7 had been stuqing ground-water "Probl•s on \he BanJo 

Indian Reaen'a,ion since JaJJD.ary 1948, and the llaTaJo Semee requested. that 

the nrogr&ft\ include Indian schools, mch aR the one at !horeau, \hat are 

not on the ReserYa\len, bnt are, neYerthelese, the respone1bil1t7 of \hat 

office. Accord1~7. the Geological ~rve.1 made a brief recoana1aaance to 

determine the adequ&C1' of the exiating water suppl7 at Thoreau and to make 

recommen4at1ona for ~r\her deTelopment if neceaaa17. 

It waa reported that about 20,000 pl.lons of water per da7 would be 

needed tor Operation of the sChool on a boarding baale. A contlDUoua diB­

charge ot 14 plloae per •lmte would 'be needed to turnlah this an~ouftt of 

• water. Plulp1ns 16 hour• per dq, abcnlt 21 pl.lon• per •1rmte would be required. 

Location 

Thoreau 1a located in eouth-central Mcl.inlq County, Hew Mex1oo, about 

4 mile• eaet of the Continental DiTlde and 35 mUes eaet ot Gallup. u. s. 

Highwq 66 and the Santa !'e 'Bail:road paea through the ae1ttlement. State 

Highwq 56, a graded road., 11nka !'horeau w1 th Crown Point, 31 mllea to the 

north. The school 1• Bi~ated in 'he ~JWt aeo. 32, f. 14 B., I. 13 f .• on 

~ acre• of land allotted to the laTajo Service b7 the Pederal GoTernment. 

!opoqap!q and dralnap 

Thoreau lie• on the D.Orth flank of the Zuni U'J)l1ft. 'ro-pogra-phlcally, 

\. 
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the region mq be described. pnerally ae characterl•tic of a dlaseoted. 4011e. 

A eeriea of cuesta rlqee of eaadetone parallel the ada of \he d.OIIe, v1\h 

a\eeo eacalment alo-pea facing aoutllvard in the direction of l ta center, Broad, 

n.at Tallere cut in becla of shale lie between the cueata rid«e• &B4 tacllltate 

traYel from east and wee\ acroea the ~lifted area. 

Drainage 11 'Predo•inantly to the ea.et, awq fi'Oil the Continental D1 rlde 

which attains an altitude of 7,246 f"t 4 miles west of '.Phoreau. !he altitude 

at 'l'horean la about 7,150 teet. The land surface al0l)e8 80 gently M Ule 

eaet that etreaa cradiant• are too low to aoc011pllah ll110h dova autt1ng. 

:rleld work 

A. punrplag teet vae •ad• by L. 0. Halpeuy, engineer. H. A. Whitcomb, 

geologist. and A. D. Pulido and G. A. Lerna, student engineers, during the 

period .linguat 17-20, 1948. liecorda of shallow well• and water a&Jiplea vere 

collected b7 H. A. Whitcomb and R. J. Dr-ake in early Decem~er 1948 • 

.Ackuovledpents 

J. D. H•, Dietr1ct Ch•l•t, ~ality of lfater Branch, prepared the 

qualit7-of-vater aeotion for this report. C. V. Theis, Dia,riot Geologia\ 

tor ground-water investigation• in Hew Mezlco, p.ve bel -ptu.l su.sgestions during 

the cou.ree of the iDYeatip,ion aad renewed the report. B. E. Sk1b1 tslte, 

• eD«ifteer, renewed the ooiiJ)uta,ione tor the pUllrpiDC teat. c. 'B. Read, 

Geologiet, hele Section, Geolo«to Dl:ri.11on, d1HUaaed \he atraticraphT of 

the region w1 th the authors and renewed \he geologic section of the repon. 

G'IOLOGY 

!he 'broad, fia\ nJ.le;r 1D vh.lah. the town of !horeau is situated ia 

underlaia bJ' 'l'rlaasl~ a.J\tl. Permian strata. !he loveat etratigraphic un1 t 

Which could be considered a• a noaslble a~1fer at !horean 11 the Glorieta 

sandstone ae~~ber of the Middle Permian San Alldree formatloa. !he rocks below 

this member are known to Tield water of poor qual.it7 in the recion, a.n4 

therefore they will 110t be dlt~cusaed ta this report. !he geologic section 

waa examined in the TiciDltJ" of Prewitt, 10 mUea ea~\ of 'lhorean, ¥here 
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be,ter Ul)Oarea ooanr. !he \hlobeaaea 1a \hat TiclnlQ' are cena14ered M "be 

apnllcable to the atrata ln the 'l'horeau area. 

'!'he Glorieta aand!\olle aemb~r ot the Middle Perm1M Saa Aadrea fo!'lla\iea 

11 ut eroo1ed 1n \he area •tud1e4. !he log of vell 9 (table 2) lndloa\H tha\ 

the anber ie about liS t .. \ th1ok 1n the nc1nttr of Prewitt. ~•n.ra la 

other 'O&I'tl of the re«lon ehov that the Glorieta !Ud!tone ••ber ia Cft/tY• ft~ 

«n1ne4, hard, aaaal••• and oro•• be4ded. 

!he Baa ud.rea llmeatoae ••ber of the San Aadree fo!'lftatloa ie \he J~d 

of \he Penlaa atr"\a apoaed 1n the area. .t.ltoa.t 150 f'eet et th1a crq, ooan .. 

«ralned, •aee1Ye, aaact7 11•••\one, oon\aintng abtmdant M1.cl4le Pem1aa tea•lla, 

cropa "' la the vall of lJlueva\er Oan7a• about 6 •t.lee MUthwet &'f !bo...._. 

3 

fhe eo11'ao' v1 th 'h• 'aA4eJI17inc Olorl•ta saadttolle m•l»•r waa aot o\aHYecl la the 

area exulaed.. 

l•mediatel)' ol'erlylq the Su .Aa4ree formation ta aboa.t 30 fM\ of red, 

••41,...gra1ned., ra'ller 80ft, Ua17 to thla-be.d.cle4 aaa4•toae 11fta1oh oeatalna aea\ter ... 

eul.l q1larts1te pebltlee. Acoordlng \o !ea4}i. this wa.l'ldttc:.ne aq 'be the eqatru•t 

of the Shlna.ftll'p ouclomera,e, of U~per ( ?) !nase1c ace. 

• ~erl,tae ~· Shinarap ( t) oongloaerate is aa et~~timated th1omete of 26o 

t•t of eon red, .,rq, aad purpliah ahale. containing beds of generally coarae 

aa4. OO..OlllJ' aroe1 becl4ecl ~q aucll,oae. !hese d~os1. te ve?e 4ee1gna'e4 '7 

DanorJl ue the llotakopi :t'omat1on. !ecet etuclle• ~ 0. lJ. ltea4, la a l)aper l9 

'lhal.J/ • pnclu ... pal•ltotaleal n14aoe that the•• 'bedc are of a la,er !riaeelc 

ace tbaa llee.kop1, aad. ....,. •• , \hat thq ue aon "P"P•rl7 correla,e4 vlth the Ohillla 

tonatloa 'haa vl\h the muoh older Moenkopi fona\1oa. !heae beds are deaignated ia 

th1a report 

i/ 1lea4, 0. I. , On1. • oo•unicat1oa, Decanber 10, 1948. 
!/ Danoa, 11. H., ·~e<t »ed!!" and aaeeet.ated toswa,ioa• in lew Kt~tX1oo& n. s. o.ot. 

Su.nq 11111. 79~. J). 143, 19!8. 
Jl !hele, C. '·, Grna4-va.ter cou41,toaa a-.r tft.Jl«&te OrdnatlOe hpetl V. 1 •. 1•1 •. 

llllnq (~on to 1r..ra7 llnclneen). pp. lo-U, 19-1. . 



ae ~· 'lover ehale ••ber ot the Ohlale fomat1on 1 • 

About 100 teet of grq 'o la.tt, ooarae-gralned, rather hard, aaeelYa 

eandetoae ooataininc ooacl•eatlo lenaH in it• lover part, o-rerllee tile lover 

ehale ••ber et the Chin! e fomatlon. !hi a u.nd.•tone le exposed at the top of 

\he •tee,:> eouth-taolDC esoarpaent alOpe aouth of !horeau. !hl1 S&Bdstone waa 

correlated with the Shlllai'Wip ooDCloaerate 1q' Dartoa.2!1 Ia \hia r•n it la 

4n1p\ate4 •• the ._lddle eaD4atone ••ber ot the C2l1Dle fomatloa•. 

Ooatonaa'bl7 oTerl71Da \he •iddle aandttone ••'ber of the Chiale fozaa,loa 

le aboa.t 1,100 teet of aon ~rtq, •aroea, aAd ptrple ehal" and. lnten.Med. 

thla red 'o brown aaD4etoaea. !bit eeqRenoe la· 4ealgaate4 in \hla report •• 

• the ~•r lhale ••ber of the Chlale fonatloa1 • lretlon of the1e lae4a baa 

• 

-produced the vide Yallq 11lnc between \he aan4etoae-oappe4 aueata to the ecna.th 

and the red I&Ddatoaee of .Ju.raaeic age which fora the hl&Jl ollffa e'l •tton 

Plateau to the north. 

Stnoture 

!he ZW11 u-pll:tt coaslat• of an eloncatecl do••· the axle of which atrtkea 

rouchl.T aonhveat. !he 1trata on the DOrtheaaten flank 41}) unlforal.7 to the 

north and nonhea1t at angles raqlnc t1'0il ~ to JO. Dlp1 are -ch deeper 

on 'he aou~weetern flank. 'the aortheaatern lblla of the 11pwarp hae 'Mea 

411aectecl 'T erosion to form a eerie• ot nonhweet-trea41ac ne1taa. !he 

areas between ea.cceaa1Te cueeta1 are ocea.p1 ed 'b7 broad YalleTI CJU' 1a\e aof't 

Tria1alo, Jura•a1c, and Cretaceoue •hal•• lyinc betweeA more r•alataa\ aaad•tonH 

And lbaeatoaH. 

!be oal7 fault obaened in the area 1• en dent la the aouthen wall of 

Ihtton Plat-. about 5 a1lea urthea•' of' 'lhoreau. Da.rton•.:J polocie up 

ot the Zutd Moua,aln re«ton mon thla falt aa pnN.bl7 a:teacU.ac fi'OII the 

eouth rl• of the platea anthvard abn.t 25 JJdlea \o \he oon of the lui \lplift. 

!he east a14e 1• 11pthron. 

~/Darton, •. B., op. clt., p. 14J. 
jJ Dartoa, w. B., op. cit., nl. 33. 
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I' la aot belleTed ad"t'leallle to conaider the strata 'below ~ S&Dt Andrea 

foNatio• aa a source ot slWlll4 vater for ~e 'l'horea achool, as the qual.i Q' 

ot water 7lelcled ltJ \heae atrata le kaovn to be poor. The cllacualon of 

&roand-water naoa.roea le confined, ~ere:tore, \o the va\e~bearlq charaot. 

of the rook• deaorllaed. ia the ceolog1c aeotion of th1e repor\. 

009!!JPO! of c£2Uncl yater 

'l'he Glorieta aanda,one ••'ber of the San AD.4.rn formation 7ielda wa'•r 

~o three ~allroad vella at Cha••• (pl. 1). !wo of \he w.tla now, and 1a the 

• third well the water lwel 11 reponed to \e a'botlt 10 feet 'below the 1&114 

•rtaoe. !be &1 ,1.4e at lftloreau 1• aicN\ 100 fMt hi per \han at \h• dll•, 

and therefore a well at 'l'boreau that tapa \he ••\er ooalcl aot M expected 

to now. The \O'p of the ••ber ls eatS.atecl to M about 850 teet below the 

la.n4 1\lrt'.oe •' 'lbo rean. 

'l'he Su Andrea liMestone ••ber of the San Al\4Ns formation ia no' nova 

to 'be va'er beariac ia 'he area. BowYer, 1t is possible 'hat eome ot the 

water p'I04aoe4 tnt~ \he vella at Ch&Yel 1a obtained troa the San Alldrea 

• liaeetou ••b•r. 

It ta reportecl that the Sh1Dan111p (I) oongl.•erate doea not ~el4 •'•r 

to the :railroad vella a' Cha•••· !he 'op of 'he to:naation la est1ma.\ed to 

be abou.t 6~ fMt 'below the land sa.rtaoe at the cohool. la\ an exa.1D1na\1on 

of the ou.\o~epe 1ndloa\e4 \hat the fomation sq not tran•1\ water readil7. 

!he lower shale ••ber ot the Ch.illle tona,ion le uot water be&riDg tn 

the a.r•• !he a1441e I&Dds,one m•ber 1e bellned to be the principal aquifer 

in the 8Cbool well (see loc. ve1119, table 2). !'he log ahod that 3> feet 

ot w.\e!"-HariDC aand val aa.COllJltered at 343 fMt. !he aaa4•\one beds of the 



' 
wpper ahale ••ber ,S.el4 •all am01lll\l ot water to d.-.atlc vella ln the 

ana. Well a 21 and 22 ( ta\le 1) are reponed \o produoe water troa a depth 

of about 200 f .. t. 

P!!p1nc S!!S ~~ 
Ia orct.r to deteaiu if tile eohool well at !borM~t Wft14 appl.J~21 

pllona per •in'•· a -pu~~piag teet wae aade iD Jape\ 19q. Darta.r the teat, 

water eanrples were collected for a.nal.yala. Prior to the \eat the vell hal 

'been OaptJed for at least 6 7ears. !he well was paped ._7 air lift c!nriD« the 

teat, and the a..-erace d180harce vas 13.1 plloae p.r lliiDlte for 5 hou.ra 

• and 52 mint••· !he well la liaed with lo-lnoh ca•lD£, pertor•tecl froB 

abou' 3~ to 365 '"'· .Althcns.p there were four vella v1~1a a :ra4l~ of a 

mile trn UL• aeheol well, \hq dld no\ pnd.uee ,..,.r f'Nll the a14dle 

• 

aandetone ••hr of the Chi!lle tomatloa. 

!he 'ran•1ea1b111 '' of the aquifer vae calculatecl 'b7 \he 'lhetJI 

•ethod, accor4lq to \he follevlq equa\loa& 

! : 264 q loc \/\ 1 

• 
la which ! • ooetfto1ea' of 'ru•iee1ld.li\J', expreeaecl la tielcl \ellla u \he 

.. 'ber of 1&1.loaa of water per ~ \be.t peroola\ea under 
pn..-alliDC ooa4l\1ona 'hnuch eaoh llile of •ter-ltearl:nc be4 
u4er laYea\lp\lon (aea.ued at rip\ ucl•• to tlle direction 
of tlov) for eaoh too\ per •U• ot }Q'dral.lo cra41eat 

q = cllach&zwe of tll• -pupecl vall, ill callolta per •l•t• 

' a \t.e etaee ~lac ~. ln hoar• 

t•: tl•• 11110• paplJaC s\oppftd, ill heara 

• = realda.al. 4ravdoV2l, in feet 

§.1 'l'hets, 0. v. • '!he rela\loa 'betwee the lowerirag of' ~e -p1esne\rio eurfaee 
aad 'h• rat• aa4 clllratlon ot di•charl• of a wall ullJIC cround-water storage: 
.All. Oeopbl'a. Udon !ran•., 1935, p. 520. 
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'rhe ooefflc1ent of tran811l1aalb1litJ vas calculated to be 57.9 gallons -per 

day ~er too,. The tranemiaa1b111ty ie low, indicAting that the aquifer 

could be oTerde'Yeloned easily. 'l'ht~t !!lnecifie oa~aci ty of the well was 

obtained b7 dividing the anrage discharge b7 the total drawdown, and 

found to be 0.185 pllone -per minute per foot of d.rawdovn. 'l'h1a me~s that, 

\dth a discharge of 21 gallons per mimte, the drawdovn would be about 115 

teet. ~lith this dravdovn, the pum·ping level vould be about 21«> feet below 

the land surface. 

• ~· data collected during the pumping teet indicated that, although 

• 

the vell would produce the deaired 21 cal lone per minute, the quali t7 of 

the water waa not •atlefactor.y tor domestic uae. AccordinglJ, a further 

ahort f1e14 ehQ' v•• aade to determine whether or not the ahallower 

aquifer• would nroclu.ce l\lttlc1ent water ot ml table quality to supplement 

\he existing avpl7. Reoordtt of the well8 and springs 'Yisited are gi'Yen 

Analyeee of water samples from nine wells in the 'ri.cini t7 of llhoreau 

are lhown 1 n table J. 

'lhe Santa Je Bailroad well• at Cha.Tes are reoorted to !>roduce water 

fro• the San .Andres forma\ion. i.s tlhovn by the analysis for well 17, water 

fro. \hie aqulter i• hard. It no o\her water of better qualit~ were 

aY&ilable. water fJ"'JJ the Saa .AAclrea foaation in the Y1cin1 ty of ChaYez 

probably would \e aatiefaotor.r for most domestic pnrposea. 

Water encountered ia the Chinle toma.tion Yaries in quality both vith 

dep\b in forma\1oa and trom 'PlMe io place in the Thoreau area. Wuter from 
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~he "P'P•r -pan of tlle fo~a\loa eoataina a moderate oonoentrat1oa of u .. 
eo1Ye4 aoll4a a\ !bor~ aa4 weald be satiatactor, for Aoaea\lc u.e, as 

ahovn b7 the ual.7••• tor well• 21 and 22. !h .. e vella an loca\e4 1••• than 

a mile t7oa the aohool • 

.A~ppann\17 •'•r froM the alddle aande'\ou m•ber of the Chillle foma­

t1on 1.- rather hl&hl7 111ineralisM. a\ !horeau., aa ahovn "b7 \be analyae• for 

th.-, ..ehool well (lfo. 19), vhlah 1e reported "' cleTelop water trw this pari 

of the foftlatton. '!he well va1 ..-pled three times clllrl~ag \he pilltplac \e1\ 

on Jape\ lS ana 19. A1 theqh 'he talft'Plea show 11011e n.ria\lon ln chaalcal 

character aa 'P"'JJPliiC -prooeecled, lt. appears unllkel7 that oonttDUed pu~tpinc 

would •ateriallJ baproYe the qu.ll t.7 of the water. !he ana17••• shov \hat 

the water tro. thta well la c~aratively soft, '-' the water oon\aine 

exoeasl Te coacea.tratlons of aodl•• ohloride, and IUlfate, aa.d therefore le 

cone14.re4 uaeatiafao\o~ for doae1tlc use. Water ot lever li•aolTed eolida 

cofttent tros \he alddle 8&114atoa.e ••ber of the Cb1Dl.e foraatioll conklne 

•oa\17 eodi• aDd \lcarbona,e, as ehovn 'b7 \he ual7••• for vella 9 and 20, 

a1 thn&h the ,roponlon of .Uta\e \o \o\al di••o1 ft4 aollt\a ie nearl7 a." 
great &I ln \he more hifthly m1aerallse4 water. 

POSSBILI'l'I1tS JOlt OB!A.IKiliO ADDI'l'IOJl.AL VA!'& 

The record• of well• 21. and 22 ahov that well• aear the •ohool produce 

at leaet 4 pl.loaa 'Per m1nule froa a depth of a'bft\ 200 to 250 fee\. !able 3 

t.ndica.tea that the vater f'ro• welle 21. and 22 la of be\\er quallt7 \han the 

va\er tr. well 19. 

fwo •etho4a 'r whloh addltloaal va\er of be\\er qaali\f could be obtained 

at the 'l'boNaU Mhool are: (1) I'erf'ora•e the oa•1ng of well 19 from 200 to 

~ fen, allowinc water tre11 the sb.allower aqulten to enter the vell; 

( 2) clrlll a well near the school to a dep'h of abou\ ~ fee\, and mlx the 
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water produced fi'Otll \he uw well vi th water pnclnoed troll well 19. 'l'he water 

rr. well 19 ehoal.d 'M dUute4 v1\h a\ laaat tltlce u aoh wter fna the 

ehallower aquitera. 

The 1nve•t1p.\1oa ::.'rtW,il-.~-~·~at the Glorie\a aaau\on• ••'• of the 

San Andres forma\lon ~aq be water be&rtng a.t the !horuu. echool. !he va\el'­

bearlnc cbaraeter of the eanda\one &llCl the qu.al.ltJ of water \hat ml&h- be 

7ielded oould be detea1ned 'by 4r1111ag a teet well. !be Wp ot the .aaa­

•tone 1• e•tiaa\ed to be a'knlt 8~ fMt below the lan4 surface at !bona. 

OO!fOLtJSIOlJS AND RECQMl.iDDA!IONS 

1. A 1'1in111hUD of' 21. plloa• pu •1•t• of pOtable •ter wlll 'be needecl 

at th~ 'l'horean Indian school att ~OOil aa the tchool ia opened. 

2. !he aiett.ng ve11· at the 80hool will produce 21 cal.lou ))er mlm\e, 

'bo.t the wa\er l1 of poor qua11'7· 

3. Md1t1oaal water cooJ.d be obtained b71 (1) Perferati~&g the caalac 

in the 1ohool well 'between 200 aA4 250 feet, al.lowtag water of bet\er qual.ltT 

to enter the well: ( 2) lrllliDC a aev wll near the echool to a dep\h of 

about 250 teet • 

4. If llO •ore than 21. pllons per m1mte 1• &Yallaltle for the ~tohool, 

\he pu~rpbc plat vou14 haTe to M opera'ecl 16 houn pv dQ. It both the 

alterna,1Tee o•\11ned in parag~ J of th1e aeot!oa are followed, the pu.pl~ 

plant cnld 'be opera\e4 a aor\er period each U:r &D4 J1 at&1l4117 81ll'Jll7 wnl4 

be a'Ya1lable 1a thfl eYeat of t-.poft27 failure of o .. H th• ..tla. 

5. It the IIObool la a:puded at a la,er &ate an4 •n water ta D.eecled, 

the Glorieta •and•toae member ot the s-. Aatres tor.a\ioa .., 7leld aaftioien' 

va.ter ot ai,a'ble qualit7 \o mp-pl7 'he 1acrea••4 reqn1n-eats, althouch 

the wa\er aq 'M hard. 



-H- 10 Table 1.-Recorda or ve. and snrlllga in, !horeau area, .nlq County, Wew Mexico 
( . .Ul vella are drilled) 

(Number,. eorresmond to DWDbers On nla.te 1 ~nd in tablEH! -~ _and 3.) 
c rrtc-• ! Location (..vner Driller Date ; .-1 t1 tude Depth . Di--

~ com- : aboYe of eter 
'Pl e- ' sea 1 evel well of 
.ted . (feet) ( f@et) well 

~•ber and 
~tate file uumber 

(in.) 

I --~.. ____ --- .I. --~-' ----
~ T. 11N. ,R. 12 "1-=----------. ----.------ ---------- ---,--- T 

!/ 9 1!1'~;s~i sec. 11 ; NaTajo Serrice c.c.c. i 1934? - ,1,987 7 
T. 13 N,,R, 13 ~. . 

' 

itt 1qn2 0 10 
I 

16 ;___ O.O.J~._ _ ------~· __________ do. _____________ L Q:utJ1ulholl.i!ncl _____ ~ J..9l_l._L _ - 72S 10 
- ------- -- - . - f. 

AI 17 : do. do. Clamni tt & Mos~ 1918 - q3o 121. 
I I j 

T. t>~ ~. ,R. 13 W. : 
I 

J: 19 ; ntN~i ~ec, { 1 - ; lfaYaJo Service c. c. c. 1934f 1,163 i 505 10 
; ! 

t' 20 j ll~til~:tj see. 2S 1 do, __ . Kiersv ana Co. 1932 - 730 10 l 
i VI 21 ; SWj!Wf aee. 33 j J. J. Radosevich i Cacar C•rt•r - 7,155 235 6 

: l . 

;}1 ?.2 
1 

do. Oscar Carter . 
1 

do. - ],160 2?1 5t 
T. 14 N, I R. 12 w. ; 

/J ?3 n.flri~ sec. a) lla.va,lo Service Tho•. Sartin 1941. - 4]0 8 

r)J24 SW-i<l".\·l •ee. 11 ~ __ dq_'l____ __ 



... 
!eoeria oltt .. llrr H. A. 1111-'b, L. C. Hal., &ad R. J. DraQ 

1 Vater lml 
Office! Depth jDa•• of 1 Pap 
-.'ber l'belov n--.re- 1 aa4 

l•euU- ... ,.! ])Owel' 
1!111« ~in\ 191a8 I l/ 
1
(feet) ~ 

u .. 
of 

va\er 
11 

Te.p. 
oy. 

Reurke 

1-r-

n 
Baoa eolaool. Pluaecl ltaok \o -75 fen \o ea.\ off •-.c!• wa\er. 
!ttmoned 41Mharn. l1l Dllon• -oer al•t• f10• Cb.1ale f'oJ'IIatloa. See 1 

15 now. A,D D 62 
A.t CbaTes. Meaan4 nov, 3 pllone per •• , •• l1Ule 25. 19111. lteponel 
41•ch&rge 1v air 11ft, 100 pl.loae pu --.u. l.eponect \o p:rotrace va\u 
f'I'OJI Glorieta eaDd•to•• ... -...r of Sail Aa4.rn. fomatloa. See lo 
At ChaTeS. !eporhd to baTe ttoved 1J callOD8 per mllllte ia 1911. 
s.. lo«. · 16 10 • lDl 

6 1 non A..l) D 
Meaarecl. dieoharp, 20 gal.lcma J)er al•t•, June 25, 19-.s. P..eporie4 'o 
haTe nove4 5 «alloaa 1>er almte ln 1918. See lo 

1' f121. 9SI Jv.l7 30 'loa• • 56 
!horea uhool. Had lMea •ealed for Nnral 7e&n prior to ... are.ent. 
Teat paapecl b.r ai_r llft, AQc. 17-19. 19~. Prodaoee wa\er troa Chlale 
foaatloa. SA... I 

: 

Reponed d.ra.wdo•, "160 fH' after p118piDC 18 pl.lo}la per •1•\e for 1/2 
i 280 __ L. el J c.v _! -~ _L - _j ___ hour. P_n4uea •'•r fr011 at&1JI.le formatioa. S.C... 

21 i _6o. 1_ •' 1 c.~ J J) .L ---~- -_L~:::~:_.~·c:ha~~·---s pllona per miJl\1'·· Produoea "va,•r troa Chinle 
r----·-r -~ --·--;-- -- --; f - bPorte4 41scharc•~ - pllone per alDD., •• 

22 i 6o j ____ .l.l _C_.~ __ j _ D -~ .L Proclue._.JIM\J~ _f_I'Oil Qll1al_-_ fo~tJ.Q~ i r-· --~ 1---- - -~, ------------ · -- ------- ---
1 / ; 1 At Saa Je\on1o sheep a\atloa. Produces v&ter tJ'01l Chlal e fonatloa. 

_21 . 9~ ~l _.__ __ c_, y_ ; _ D, S : _-_ -~L SH lo.r. ~ _________ ~ -~~- _______________ _ - ,-- - · - r - : - - 1 

?~ -
1 

- • - ' s ~ _SDr~----. _ 
j[ Meat~ttrlnc 'J)Olat wa• ~ of eaeill£. 
lJ c. qlinder; .A, a1rlif'; G, p.ao11n•: D, dleeti; Y, vlnc111111. 
jJ_ D, 4omec\1o; II, rail road; S, nock; 'I, uae. 
Jl s.. \a\le 3 for aaal~ei• of va\er •aaple. 
!J Water lent Ny)onecl. 



'I 12 

Table 2. - Lotte ot welll la !horeau area, MollnleJ Cou,,, lev Mexloo. 

ltEM\iou 14ea\ltle4 '!! I. A. Vhltcomb and L. 0. HalpeJUll' 

»rlller'e loc otwell 9. 
laYaJo Serwtoe, owner. 
Baoa lndiaA eohool. 
lurtace aand 
Chinle !c""'atlon 
lard eand 
Purple ehale 
Duk-crq •aD4 
Dark•blu •hale 
or., lhale 
lllllt..ehal• 
~· .•hale 
Grq lime 
fllrple •hAle 
&rq ll•e 
Oreen ahale 
l)art.-crq "~t.er tan4 ( 5 .-> 
laadJ era¥ able 
or.,. eancl 
SeAdJ £'r&3 11hale 

, Grq I&Dd a,.., •hal• 
a.a thalfll 
Gr., ahale 
Plf,rple Uftl• 
Bet •h•le 
.Brown •b&l• 
0. abal• 
Ll ehell 
Bed ahale aAd hard ooQiloeerate 
laod7 ll11e 
Orq eand 
8aa4, 11\,le wa\er 
lleCt •al• 
Bed ahale with ll•e lhel1 
OraT eh..le 
Barel crtq aand 
Orq 11•• ahell 
or., 11•• 
Saad, 11\\le wa\er 
I&DdJ brown &hale 
Red ·,bale 
lhluii:J coyla.erate ( 1) 
Orq 

.... . Dep\h 
(t"'? (tee\) .. 

' -1 

2 
11 6 . 

8 

" 22 
4 
~ 
6 

23 
27 
12 
21 
15 
14 
26 
30 
lb 
9 

30 
4 

5 

9 1'. 
21 
27 
31 
44 
52. 
18 

110 
114 
118 
12~. 
147 
174 .· 
116 
214 
229 
24J 26, 
299 ;· 
315 
324 
)54 
351 ' 
380 

Driller'• lor of ~11 9, cont. 
laD Ai!41'8l foraatlOA 
~"' Andree 11a .. !tu •••b!£ 
Grq 11M 
Glort•'a epclt~ae •••• 
Whl'• water eaad 

.) ... ~l~"··•''· ····11-.,a arq unci· 
White •aad 
Grq tbale 
Vklte eaad· 

Y••o for.attoo (?) 
Onq eiiale 
Reel eu4 
Bed aeod wltb ebftle a\reake 
Sandy red ·lhal• 
led eand 
ie4 .... 1• 
aed water aaod, (37 epa) 
h4 thal• 
S\lok7 reel Olq 
B.ed 1hale 
I&JUl7 rM Cale 
Lla• ll:lell 
Orq eaad 
»uk-crq 11M 
Blue •hale 
or., tan4 
laa4l cr~ abale 
Gr., aan4 
Sand7 red lhale 

22 
6 

16 ?!~ ~ Jted san4e,one 
3 

)5 
32 
4o 
14 
26 
19 
6 
4 

23 

13 

l6o5 
44o 
~72 
512 
526 
552 
571 
577 
581 
6o4 

.Dar•-cnq 11•• 
Sancl,y red lhale 
.Dark-cra7 llae 
8and7 red ahale 
»ark-gra, 11•• 
iaDd¥ red •hale 
B .. ehele 
land7 red ahale 
Red water -.nd 
Red· eanct 
bbo tor•atloD (t) 
s.ndi :red 8L&1e 

thls-
n••• .Oep\h 
(feet) ( f••') 

8· 
5 
8 

112 

' 52 

.~3 
12 
47 
17 

·14 
12 
1 
6 
6 

17 
49 
5 
6 

12 
2 
4 

11 

' 4 
14 

2 
5 
5 

31 
2 

66 
6 

254 
18 
48 

24 

66) 

671 
676 
614 
796 
799 
851 

S5la 
866 
II) 
900 
ql4 
926 
9:53 
939 
945 
962 

1,011 
1,016 
1,022 
1,034 
1,0)6 
l,Olto 
1,0,1 
1,054 
1,051 
1,072 
1,074 
1,079 
1,084 
1.122 
1,12-
l,lq() 
1,196 

. 1,450 
1.~ 
1,516 

l,54o 
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!able 2. - Loc• of vella in Thoreau area, McXin.le7 Coun\J, liew Muloo - Con,. 

Thick- !'blak-
n••• Depth n••• Depth 
(teet~ ~ teet2. (teet~ ''"'l br1ller1e loc ot .ell 9. 6ont. Driller'• lo« of well 17, OODt. 

Abo rormatioa ~7~ 1 ooDt. 
1,562 Chinle toraatlon 1 cont. 

Bed lhale 22 Y•r7 ha$4 aandetone .. t ., ,90 ..... , 
land7 red ahale 10 1,6)2' Red thale 1)0. 520 lied a and atone 38 1,670 

Grq •bal.• 45 565 
SaDd7 red thal e 14 l,GIJ4 ~lnarwa;e ooylo.erate ~ 7~ Bed ehalb 16 1,700 Barel ar•Y ean.detone 10 ~ Sandy re(S nhale 10 1,710 Saud rook vltb !late •treaka 25 Hard land, iron P7r1te 6 1,716 saa. Andre• t gnaa~ og 
S&Dd7 r•d shale 12 1,7211 Grn7 • and •tone •. ~ 625 
iard thell 5 1.733 Wh1 te aa.nd • tone oa 11M rock 25 650 &ed aW.le 83 1,816 .Bro"n 1 aD d 1 tone JO 6lo 
Hard •hell l~ 1,820 Grar eantletone l.O 6')0 
Bed .hale 87 1.907 Vhi te • and a\one 14~ 135 
• w"ter sand ( 33 gpll) 17 l,q24 White and rell~~ aan4a\one 'SO 885 

ehale 8 1.932 Re4dl•h-brown aand~tone 4; 930 
land¥ re<i llh&le 5 1.937 TC!AL li.iP!H 930 Red eand 7 1.944 
lied ehale. 43 1.9'7 ~riller'• lor, of ~ell 19. 
'1'U T 1\L lJ~ .. .:· 'l il 1.987 NaY&.Jo SerYice, ovner. 

'l'horeau Indlan school 
»r1ller'• loc otwell 15. Chinle foraat1cn 
A.~. & ~ .r. ·Railroad, ovner. .tslow e~tn4 123 123 
Uhlnl e f Ol'"lfl&. t.ioA 

~5 
~cktand, eo•e ~ater 7 130 Red claz 45 .Dark-red. ebale lK 1168 

Orq wande\one 150 195 Light-red ehRle 55 203 
Bacl olay 335 530 Ll~t-cr~ shale 34 237 
llue cla1 4o 570 Wator aand '5 242 
lihiu.rum.i! coylo .. £•'• (?) Purple eht!le 46 zgg 
Grq .. n4 ~ t.one 25 595 Hard ttti.nd 12 '300 

ck a~tlld 5 6oo L~:ht-,r~ shale 43 3143 
Sand, 22 ,&!lone ot w~ter 

107 707 per l'linue 20 363 707 lt ro'Wll a hale 18 381 
:)nn.dy ~~rrt:~ ah&l e 26 ~7 Driller'• log of well 16. Dark-~.rS¥ ehale 68 475 

A.. T. &! s .f·. Railroad, ower. HArd •and 4 479 Shale, t1r• alar. and aandttone6l5 615 c;rq sh"le 26 505 Ll•ewton• ~5 66o !L '!' Al Di.PTK 505 Qrq eanth· tone 22 682 
Vhlte aa.nattone 43 725 
·rotAI.. Du~~n 725 

Drlller•e loc otwell 17. 
A..IJ.'. 6 ~ .1. iia1lroad, own•r. 
Oblnle roraatloA 
S$nd, ro~. and •hal• 55 5'> 
Whl te •and rock 45 100 
Sand :root and ahale 52 152 
Hard ~1 \e •AAd rook 33 115 
Sand rock a.no lh-.le 198 313 
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Tlllhle 2. - Lo,:• of wells ln Thoreau f:l"ea. McKinlq OoUAtJ. He": Mexico - Cont. 

), lJr1ller t s 1 Of; of "'ell 2D. 
Na.YPtjo ~orvice, c"·ner. 
Chinle formation 
Red ahstle 
.lJark. •and)' Rh~le 
Dsrk-red shale 
~ater t11Wi 

Red 1halo 
~ater lfHFi 

i''1ne-gr~x lr.ed a and 
w~t•r annr1 

t
L~rk, stick~ eh~~e 

\., sr.ntiy •hale 
"L t... ~·7L 

Driller' ~ lo~ of ~ell 23. 
Nav"-j~ .. ervice, own"'r. 
iil 0"' 8fHl0 . 
iied !hAle 
; i~t~e ( 1 ) "l at e 
lellow ahnl.e 
'1'0 'l' A..L 1.1 : ~ 'l il 

• 

Thick­
net" 
(teet) 

88 
357 
110 
14 
46 
17 
19 
45 
18 
lf 

.Dep\h 
(feet) 

S8 
445 
5!>5 
569 
615 
632 
651 
696 
714 
130 
730 

4q 
250 
300 
430 
430 

14 
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!able 3. - Ansl71e1 of water from ~•111 and springe in Thoreau area, McX1nl•7 County, Hew ~exico. 
Ana17sed in SouUlvea\ern Laborator7 of Geological Sur.q, Albuquerque, New Me:rico. 

(Iuaber• correspond to nuabera giTen in table 1 and plate 1.) 
(Part• per aillion except apec1!1c conductance.) 

• Date of : Spec1tic :Sodium , 'l'otal 
llo. ~ollection conductance, CAl- 14eg- : and , Bicar- Sul- i Chlc-. J'luo- · N1- Di t!- hard-

1948 · (•1crollhoa CilUI nea1um 1Potaasium . bonate fate . ride ride 1 tr~te eolYed nea1 
tt 25°0.) (Ca) ; (Me) (lafK) {HC03) . (S04) (C1) (F) (J\i

3
) ; t!Olide a1 

____ --~-~-~ ___ · __ -~- _ _ ! CaOO" 
--' - J ---- ---,--~----~----~~ --

9 June 23 ; 121 i 45 l7 104 332 · 102 . 15 : 3.5 . 0.5 i 462 182 
- ~ -----: ~---- ..----- - .,. 

15 .r;.ne 2_5 _ _ ~ __ _]_62_ --~-- _ ~- _ ~--~ ~ __ _ __ ~ __ _ 211._ - 5 ....-- ------ r--- -----1-- -~-------------~~-------~ --: 

11_ _ do. __ ~~-~---~ sg9_~~· ~~_i __ 31 ____ 23 -~--256 ~ 2~5 _ 5 __ 0.2 o.6 ! 615 464 
.!119 A

3
. 1s T --,.-s9o - ;-- 26 - 10 I -7-t~A --~~ -2'£2- -~- ~5i-5- p1~s --~. i-:-D . 4.5~- 2,16o 106 

!/19 do. 1 ~. 700 : - , - - ; 259 - 725 - ---------

~19 Auc. 19 3,630 ; 18 3.s s61 26o 534 105 1.o 2.4 i 2,26o I 6o 

20. Dec. 3 576 1.2. .5 141 
1 

2]6 54 lq .4 .9 353 5.0 

21 Dec. 6 679 52 ll 
1 

85 289 64 34 • 2 9.3 398 · 174 

22, do. 1,090 26 ].0 217 334 1814 50 .5 10 672 94 .fL,. 
I 

23, :IOT. __ 15~-~ _ 4,)80 7.Q 11 g11 502 523 165 ?.6 ?.; _ 2~0 62 

24; do. 881 2.0 J.3 219 436 77 33 1.2 8.6 559 18 

!{ Collected at 11:38 a.m. 
~ Collected at 1:13 p.a. 
~ Collected at 1:00 p.a. 

........ 
CJl 




