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INTRJDUC 10 

The Indian schoo~ at ~orea.u, NclCiDle~ County, New Mexico, has been 

closed for everal years. en th school w· s in oper tion, ter wa 

supplied fro a ell hich produced fro sandstone in the Chinl !o tion. 

vas r oved and the well was ca ped nt the time that th school 

was closed. In 1948 the avajo Service desired to reonen the school. · le 

Geological Surver had been studying ground-water roble!lls on the avajo 

Indi Reserv tion ince Janu.ar;r 194s, and the Navajo Servic reque ted th t 

the rogram. include Indian schools. eh as the one at ore :u, that are 

not on the Re rvation, but ar , ne er heles , th re onsibility of that 

office. Accordin ly, the Geological rvey m de a brief reconnaissance tO. 

determine the ade. uacy of the existing watf)r supply at thor au and to mnke 

r commendations for rther development if necessary. 

It r rt d th t about 20,000 allons of water er day uld be 

needed for o er tion of th school on boardin& basis. continuous dis-

c rge of 14 gallons per inu.te would be needed to furnish this amount of 

water. Pumping 16 hours per d..ay, about 21 gallons per minute would be requirecl. 

Location 

Thoreau is located in south-central cKinley County, New exico, about 

4 mile e~ t of the Continental Divide nd 35 miles east of Gallup. U. S. 

Hi~wa.J 66 and the Santa 'Railroad pas through the settl ent. State 

High ay 56. a gr~ded road_, links Thoreau with Crown Point. 37 miles to -the 

north. !he school 1 ituated in the ., R. 13 f .. on 

4o acres of land llotted to the avajo Servic by the Federal Government. 

o,ogranhy 

Thoreau lies on th north flank of the Zuni upli t. !o ogr hically, 



the.region may be described generally as char-cteri tic of a dis ected do~e. 

eries of cuesta ridges of andstone parallel the axis of the do e, vith 

2 

ste esca ent slo es f cing outh wQrd in th direction of its center. ro d, 

flat v leys cut in beds of sh le lie bet en the euesta ridg s and facilitate 

travel from east and •e t aero the u lifted area. 

aina itJ r dominantly to the e st , ~ay from the Continental Divid 

hich attain an altltud of 7, 246 fe t 4 mil s west of Thoreau. !he altitude 

at ll'h.ore;;o.t is abOut 7 ,150 feet . e land trface lOpeQ o gently to the 

e st that stream radients are too lo to acco lish much down cutting. 

Field ork 

. pu, i g te t s de by L. C. Halpenny, en~neer. H. itcomb , 

lo ,bt. d • Pulido nd G. ru , tud nt engine rs, duri the 

eriod gu t 17-ro , l94S. Record of sh lo · wells d ater amples ere 

collected by H. itcomb and R. J . Dr in early Decemver 1948. 
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G OLOGY 

o road, flat T 1 in Which the to n of Thore~ is ituated is 

underlai n 'by Triae 1e an l3 rmian strata. i'he lot<rest ~tra.tigraphie unit 

which could be considered as a possible aquifer at ~oreau i the Glorieta 

andstone member of the addle Per.:nian . n dre formation. he rocks belo · 

tbi m ber ar kno n to yield water quality in th region , and 

th refore they will t b di se in this r ort . The ologic ectio~ 

d in th vicinity of Pr itt, 10 11 "' ea t of !Th re ... u , ere 
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better exposures occur. !he thicknesses in t t vicinitt r considered to be 

a -:>licabl to th trat in the Thor. :u area. 

trat~ranhl 

e Glod t sa.nd,.tone memb r o · t o 'icldle P 'tan an C!res form tion 

1s not exposed in rea tud e<d. log "f 11 9 { t .ble 2) indicates th t 

the ber i 

other art of tt ., regio .sho t hat the lor me ber i ey. i"ine-

grained. r , d cro bedd d. 

he San dres lim stone m 'ber o:t the San .. t.ndr f rmation i the •oung nt 

of th r:d.an t ta ext>t>sed in the .. t 50 feet f .. oar$e-

grain • an ely 1 estone, cont i ng :bu.'Vld nt d e rn ia.u ""o $115, 

ero s out nth 1.1 ter Oanvon bout 6 0 "O'I~t'h e t of !.':."lot·ea.u. 

e eon tact :. th h und rlyln Gl ... 1 · end .one e ber n~t o o rved in tne 

area exa&t i d. 

Immediately oTerlyin~ the an ndr s £ r ~ion is about 30 feet of red, 

medium-gr ined. r ther oft, y to t in- e.dded "'and~to , hich c n ins sc terad 

s~all quert~ite pebbles. cordint to e d}i. this D.nd tC)n may b the e uiv.U.ent 

of th h1na n ~onfllo or te, of Uuper (?) ·ria c1c ag~. 

e < verJ.yine he Shinai'Wilp ( 't) cong.;.o er te . an st. at d thicme of 26o 

feet of soft r d, r y, nd .. 1ale, co tni ng - d~ o+' gen r ly coars 

and e mon ~ cro s b dded gray ndstone. ues de Gd by 

Da.rto~ u the oenko )i for .. tion. p c t st dies by C. ea , in ll.'l)r y 

Thei,)./. rodueed aleooot ie ... l e id.en e hat th se bed .. 

ag th n d su e .t that they re mer. prop r1y correl ted vi th the Chinle 

fo ation than wi tn the much older H enk pi form tion. 

this r ort 

lf 
g) 

ral commuuic tion. D.c .ber 10, 194S. 
:rton, . • 11 J)pd,. 11 ~ d. a1ls tP.d fo ati.on"' in 

Survet 11. 794, p . 143, 1923. 

re designated in 

e:<tico : • S. Ge 1 . 

]./ Thei , C. V.. ro1md- at r co di tione n ingate Ord. nee Denot : u. s. Geol. 
Surve7 (Report to ,n ineera) , • lQ...ll , 1941. 



s· the "lover ahale m ber of th Chinle to ation". 

bout 100 f et of gr~ to ~ff, coarse-grained, rather hard, masa1Te 

sandstone containing conglo er tic lens s in. it lower part, overlies the lower 

shale ber of the Chinle to tion. !his sand tone 1 e:s:poaed t th top of 

the steep south-facing es ent slope south of oreau. '!hi sandstone wa.a 

correlate~ with the Shinarump conglomer t by Darton • .!!./ In this report it is 

deaign ed as the ftmiddle and tone m ber of the Chinle fomation~. 

onto ably overl,.in he . 1ddle sandstone m ber of the hinle fo atton 

is about 1,100 feet of soft gre:J, maroon, d rple ahal a and interbedded 

thin red to brown sandstones. !hi sequence is designated in this renort as 

the er shale m ber of the Chinle formation". rosion of t e e beds has 

produced the vide Talley lying bet een the oandetone apped cue9t to 'the south 

and the red eandstone of JUr a ic ag which form the hi cliff of tton 

Plateau to the orth. 

Stru.cture 

!he Zuni u: lift condsts of an elongated dome, the a:d of which strikes 

roughly northweat. The strat on the northea tern flank d1 uniforcl.y to the 

north and northeast at angle ranging from ~ to 3°. Dips are much ateeper 

on the southweete na.nk. fhe north tern limb of the upw rp ha been 

dissected bJ erosion to fo~ a series of northwest-trending cuestas. ~ 

areas between successive euesta are occupied by broad T leye cut into soft 

rt sa1c, Juras ic, and Cretaceous hales lying between mor r ' istant aandstones 

amd lim atones. 

e only t lt observed in the rea is evident in the southern vall of 

Da.tton la.teau, about 5 1les northeast of Thoreau. Da.rton1 e5J geologic map 

t the Zuni ountain region sho this fault s probably extending fro, the 

th ri of th late outhw rd about 25 miles to th core of the Zuni uplift. 

!h ea8t aide i uothrown. 

~~Darton, •• , o~. cit., p. 143. 
5/ D rton, ».B., op. cit., pl. 33. 
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GBOU'.ND-W R RESOURC S 

It is not believed advis"ble to co ider the strata below t e an m res 

formation · s a ou.rc.o of ruund water :for the Thoreau ehool. a"' the quality 

of ater yi lded by the strat o b p or. Th dis~~s~ion of 

und•vat r·resourcos i c nfi d, ~1 r for , to t e wat character 

of he reeks de eribed in the ge logic r thi r rt. 

Oeeurr nee of ground ate;: 

1e Gloriet s nlstone member of the 0an dr ~ormation yields water 

o thr railroad ell t Chave (~1. 1). of the wells flow, d. in the 

third well th 'ft t r 1 v 1 r orted to e bout 10 feet belo the 1 nd 

su.rf e • 'l'he a1 t1 tude at !'horeau. iG ut 100 feat higher than at th wells, 

orea.u that tan th m ber could. not e e1rpected.. 

1"' c tim ted. to be about g50 fe t bale the 

e dr 1 dres r tion i n t mow· 

to b water bearin i th area. Uo ·ever, it 1 po~sibl-El that C'i' e o the 

r p odue a fr m th wells t Ch vez is ob in .d from the an dr 

li eetone m b r. 

It is reported tbat the hinar.llttp (?) eon~lo erate doe not yield • ter 

t th railroad w ls t Chavez. e top of the fomation is e· t··ma.ted to 

be out 650 e... below the land. m1rfac at tho chool, 11 exa:ni. tio:n. 

r the outero i die ted that the fo tion ay ot tran it water readily. 

~ e lo ... ·er shal ember o the _inle fo tion ia not water bearing in 

th ·rea. The middle sandstone member is b&l ieved to be the rincipal ~ui:f'er 

in th school well (see log. well 9. t 1 2). The lo sh w th .t aJ feet 

of w te bearing and w"'. co ntered a 31~3 feet. e sand tone beds of the 
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u: r wale m ber yield all amounts of t r to do estic wells in the 

area. ells 2l and 22 (table l) are reported to produce water from a depth 

of about 200 feet. 

\k~ 
In order to determine if the school well at Thoreau would su~ ly~21 

gallons per 1nute, rin the test, 

water a~nles er collected ~or naly is. Prior to the test th well had 

been Ctlpped for t le st 6 years. The 11 w s pumped by ir lift during the 

test, nd the -ver discharge w s 13.8 gallons er inute for 5 hours 

nd 52 minutes. The well is lined with lo-inch casing, erforated fro~ 

about 340 to 365 feet. though ther w re four wells itbin a radius of a 

mile trom the school well, they did not roduce water fro the iddle 

sand tone member of the Chinl formation. 

The tranam1saibili ty of the aquif r vas calculated by the Theifi/ 

e· od, aecordi to th following equation: 

T : 264 q logM t/t~ 

1n which T =coefficient of tran "ssibility, express din field te s as the 
trllmb r of gallons of water per. day that percol tee under 
prevai~ing conditions through e ch ile of w tar-bearing bed 
under inv stigatlon {me ~red at right angles to the direction 
of flow) for each foot per il~ Qf hjdraulic gradient 

o - rli ch rg of the w::lped v 1, in gallons per inute 

t = time ince ning began, in hours 

t 1: ti e inee p iDP-: sto ed, in hours 

s = re idual dra down, in feet 

§J 1 , C. ·• , Th r lation b t een tl. lowering of the iezometric t~urface 
and the rate nd enr tion of di charge of well usin~ ground- •ater stor .. , : 

• Geop • ~nion rans., 1 35. p. 520. 
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Th coefficient of t~ nsmissioility as calculated to be 57.9 gallons per 

day er toot . The transmissibility is lo , ind.ica.tlng that the aquifer 

oollld be over<leveloned easil • e eeU'ie ca aci ty of tbe •ell was 

.obtai ed by dividing the vera.ge discharge by the total d.ratordo m , d 

found to be O.lS5 gallon~ per innte er foot of drawdovn. f.his mea s that, 

Wl:th a d.1 eh ..... rga of '21 gallons p r minute, the dr :wd.ovn would be about 115 

feet . ith this dr wd.own, the pllm'oing lev 1 a.ld be about 21«> fe t below 

th l d uurfa.ca. 

~ e dat collected duri g the ing test indic ted that, although 

th will uld produe th desir d 21 g lon per minute, the quality of 

the ter w s not s tisfactory for oo s ie use. cordingly. a :furtb r 

short field tudY vas d to dete ine heth r or not the sh.allover 

aquifers auld roduc sufficient w.ter of suitable quality to ent 

the existing au l;y. Records of the wells and sn:ri ngs visited nre i ven 

in table 1. 

ITY 

.Analy a of vat r ... les f'Mm nine ell in th vicinity of Phoreau 

are shown in t blc 3. 

The Sant e ilroad vells t :v z are report d to roduce w .... ter 

from the an dres :formation. is for ~~11 17, ter 

fro this aquifer is hard. f no ot er wa er of better ualit~ were 

av il ble, wat r fro the San ndre ~o .ation in the vicinity of Chavez 

probably would be satisfactory for mo t dom stic p rpo es. 

at J; encountered in the Chinl f rr ation varie in ality both ith 

d th in formation and :trom place to pl ... c in the !i'horea: area. Water :from 



record o 

t 1 st l~ lon 

indicu.tes that th 

ell 19. 

8 

val 21 and 22 sho , that well ne r the school produce 

r minute 'f'r.om c. d th of' bo t 200 to 250 feet. Table 3 

ter rom ells 21 and 22 is of better quality than tho 

o ethods by hicb additional vat r ~f better ~ality could be obtained 

at the or au cchool r : {1) F r:tar ta t e c sing of \iell 19 from 200 to . 

250 feet. allowing water fro the shallo1er uifer~ to enter the well; 

(2) drill a well ne r the school to denth of about 250 feet, and ix the 
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w ter rodttced from the new well with at&r produced fro ell 19. 1:1te water 

ell 19 should b diluted with t le at t ice a ucb w t r from tb 

rul lower aquifers. 

inv .stigation bd t at the Glorieta and tone member of the 

form tion m~ be water bearing at th '-'horemi. c ~ol. w ter-

chara.ct r o:f tbc sandstone nd the qu 11 ty of water th t igb.t be 

vi ldi d could b d.eten ined y drillin a te t ctell. 111he t of the sand-.. 
to is e ti ated to b abo\lt 850 fce't bolo the land surf ce at ore:m. 

1. lons er inut of otable wat r ~ill be eeded 

t t Indi n chool a ~oon s the chool i o n .d. 

• e exi t!ng well t the ehool ,·11 duce 21 allons r irmt , 

'bo.t th9 water 1 of poor q,uality. 

ditio ater could b obtained by: ( ) :Perforating the c ing 

in the cho el 'bet· en 200 a.n t 1 · ter of b tt r quality 

to ter th e 1; (2) drillipg a n l near t e ~chool to a d ·h of 

250 f t. 

4. If no .ore than 2l gallons er mi tte is avail ble for the school, 

the ing plant rould have to be operated 16 'hours per dii:f. If both the 

altern tive outlined in aragrauh 3 of this section ar fol~o ed, t e pu~ing 

lant cwld be operated horter eriod each day and ~ st ndby snpply ~uld 

b a:v ilable in the v nt of t orar.v fail r o o he 11 • 

5. If the chool i xpanded at a 1 t ,r date and ore ater is needed, 

the Glcriet sandstone e ber of th S n ndres formation ay yield ~fficient 

t r of sui tabla quality to SU: ply t e incr d r 1t.ir ments, tou~ 

the •atcr ay be hard. 
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blf' 2. - Lo ' ot well in 1'horeau r • Ji c inley- Count1. ew 'e icc - Con • 

hick- 'l'hic.tt-
noes Depth 
(feet) ( fe t). 

Gont. cont. 

22 1,562 1 3 0 
10 1,632 

l~~ . 520 
~ 1,670 565 14 l,6tJ4 
16 1.700 10 575 0 l, 710 2!) 600 

yrito 6 1,716 
12 J.,728 25 625 
5 1.7 3 llm rock 25 650 

83 1,816 JO 680 
1} 1,820 10 690 87 1,907 1~5 835 

d (33 .) 1 1,924 ;o 885 g 1,932 45 930 
nd,y re h 0 5 1,9;-, 930 

Red eand 7 ... ,g44 
d hale 43 1,967 

T<l!J:AL l> :.t 1,9 7 

123 123 

45 7 130 4:; lt; llfS 
150 1~5 55 203 
335 530 34 237 4o 570 5 242 

(?) 46 288 
25 ~ 12 300 
5 4~ 343 

of t r 
107 701 20 )63 

707 18 ~~ 26 
63 475 

4 479 
615 2(' 505 660 505 682 
725 
725 

' 0 n r. 

5~ 55 
45 100 
52 152 
33 185 

198 383 



T bl 2. - L ra of Cl.\. in 'i:hore \1. $:)'0 • l inley Co ty. 

lo ot well 23. 
.rvic • own r. 

Thick
ne ~ 

(feet~ 

8 
357 
110 
14 
46 
17 
19 
45 

g 
16 

49 
201 

50 
130 

Depth 
( t' ,et)_ 

ss 
l.q? 
5:>5 
569 
615 
632 
651 
696 
714 
130 
730 

49 
250 
aoo 
30 

430 

14 

ico - Oont. 
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Table 3. - An9lyses of w&ter from ~ells and springs in Thoreau area, McKinley County, .New Mexico • 
.lnalyzed in South,,..estern Laboratory of Geological Survey, Albuquerque, New ll.el'ico. 

· (Numbers correspond to numbers given in table 1 and plate 1.) 
(Parts per million except specific conductance.) 

Date of Specific Sodium I 1 j 
No . l:ollection conductance, Cal- Uag- &ld Bicar- Sul- Chlq- Ji'luo- ' Ni- DiE-

1948 (micromhos cium neaium ride tra.te solved 

Total 
, hard-
ness 

25°C.} (Ce) (Mg) 
Potassium ! bonate . fate ., ride 

(Na,/-'K) (HC03) I (Sci4) (Cl) (F) \N03) ,eolids · li.S 

9 June 2 12 

12 .. J\ine 25 
t 

762 

Aut;. 18 I 3.?90 
I 

3.700 

do. 

~ Collected at 11:38 a .m. 
~ Collected at 1:13 p.m. 
£1 Collected at l:OO. p.m. 

I 45 

-I 

I 26 I 

I -

I 17 104 4 2 

- - 271 
I I I 

' 10 1f:J) I 272 
' I 

I I 250 - J -
f I 

I , 

CaCOJ 

I 102 15 I 462 ' 182 
I - 2 - ... -
' : 
' ' o.6 612 464 

4.5 12,160 
I . 106 I 51'5 702 1.0 I 

I I I 

I ' 722 I -I - l ~ 

i ,- I: l 

6o 

3?3 r.--;.0 

~· 
01 




