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Bjjr L. C. Halpanny and J. u*ahbar£ar

With a aaotion on Quality of Uatar 

Ejy J. D. Ha*

INTRODUCTION

tua;jw Ui u;.t; ui.-i.CtJ lij. JJUiiail AlliiirS t.Ut3

of th« Uo .<! Jurrey la now Making a raoonnaiaiu*noa of tha 

raaourotta of tha Kavtijo Indian Raaorvution, which occuul^a narta of Arlsona, 

1km Majciooj and Utah* In auo^tion, apaoial datailad studies ai-a beii^ nada in 

araas <th«ira apaoifio ; roblaaa rwtuira Inmmll *» attention. Ihia roport of tho 

invest iitat ion of tha StuuiBtfta ar«a vaa mnuaatad bacauae tho water aupply for 

tha Sunusiou

Location

Tha arufc (iaaoribad in thia raport li«t ^ aastot-n part of tha Mavujo 

Indian Raaorv,itionf in San Juun County, H. Ifox. Thm co;aaunity o* .^.^^^taa, in tho 

eantial pai-t of tha uraa, ia about 35 «ii«a south of aiiij^rook and d Milaa »«aat 

of U. S. Highuay 666 alonK a ^radad road. Tha aitituda at Sanaatav ia about 

6,000 fatst. Tliia coouunity consiata of a aaull boarding aehool and a fav 

aaaociatad buiidinga. Tita jaain buildinga iiava baan ooudaanad, and tha aohool 

haa not baan in oparation ainca Juno 1V4V- Tha naaroat trading ]x>iit ia about 

1 3/4 uilaa northaaat of tho aehool.

ai P

Tim oanuataa araa ia char;iCt«*ri«ad by rfontla alopaa; in contrast are 

aavaral snail aaaaa and but tea that ria« altaoet v«»ruically froa tha nlain. Tlie 

topograpliic r-diof .3 . .ouoj- .;. _  accept in the iwatern j^art, whara daap c :,. juj
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disaaot tha !>"Uin. Tha arau la drhlnev- ..... *,anaatat 

w.iicii fio., tMttt«i4irti nnd onter Chaw Croak about

666. J . oo Crook la a tributary of tha Sun Juan Kivar, *hich flowa into tha 

River.

.*! of Problan

riatar for thu 3anaata« achool haa baan obtained froia u flo^.irij *all that 

>rodu8«a a auall amount of oil (» !! 1211-25, t&bia 1J. There arc two phftaoa 

of vho wat,ar~aupply   »r"v>1.*ai VA/ wij. awn^tl>ttia untors th» wavor sya^»« in 

aplta of uttaupta to r«*>ve it by a oontinuoua ovtirflow fro» an olavtttad 

atoragu tank; and (2) ov«rfion frore thtt t ouc ai« oxceaa wator fro:a tha wall 

hava baon ollowad to attuLu-ui,? t,.i«i BJW-I^ ^rounu n« .r tae school builoii^a, 

u:»tabla ooruiitlojia that iutv« L*d to eraoking of tha foutulationa.

Off:.ciala of tho Havajo Servica ait^jraotad t..a nlt..*/rnativa aolntiona to 

<> : «ndon tho exia^ir.ii bui^ujU^a au;l uoastruct n»* buildinga

a radiua of a few hundred faat of tha praaant aits. Under thia plan tha 

Sunttstao troll .ould ha nluitirad to seal off the oil, or a. new oil-fraa natar 

8up,jjjr wou .-.. !.-.> .:<jvolo  « .:. i,- / . , LMO axiatljv-: .cxj^tion tutd aalaot a aita 

naarar U. 3. Highway 666. If *o followad a n*« >«'ill would ba 

driUad.

If a naw aohool wara built, th« «stiaatad population of tha community 

would ba about 250. On tha baaia of a uaily par-capita oonautiptlon of 150 

gallona, tha tota^ aunnlv nsodad wouivJ ha about 37,>  ...^ioiia jx»r day, or 

about *io ^JuLona par iiauat>..-. Xia.a la c^iialdarou to ba tta» ainijMM aupply noadad.

Kj.'J^ ««ork

An araa of about 175 a^uara oilaa xaa atudiad in ordar to datonaina tha

...ujt oiuistlva iKtuift-rs, th* araM« "f » *»'  . .7 iraj.»c«u ati'uctural 

faaturau. ^olo^c fiuld work waa dona by J. ... liurahbargar, aaa^atad by



3.

W. II. UO&M. Kntfinaariug fiold work *aa don* by L. C. Httlp«nny, aoaiatad by 

(j. A. Larua <oi<i H. A. Taah*. The 0"*>iH" »f .^itar auction of th<* r opart Htta 

written by J. D. Ha*, district ch-ciav, Hu«iity of Vtatar Brunch. C. V. Thaia, 

(tiatriot j{«olaf{lat for firoum-'-.a nr invert! Ration* In K«w Mexico, wua oonaultwd 

»~  ' "<ark 4oxi revianvd < ., . C. B. Re v.i, in oh*r<j« of th« 

Albt*iu«rquo ofrio« of th« Ku«la Br-jjch, Uuciu ;iu x>. vision, r«rri«*«id tha aeotion 

of tho report tiiat daala with «trati&

QXIUXSt ^J tKOUWWfAT* R

. ., . . .. . ., -., »no>a\ on piata 1. Tti« fornational

);! una atructanu. JTaatoraa wara looa atnrial photo tprupha and tha 

in for ii f ion wftu than transferred to controliod aarlal ooaaica froa rfhich tha 

auy Mi

tuuir .ito>og~3e.irimt| Proixirtiao 

Tha atratitjrtiphic auction oxpcaod in tiia J«inairt»a ura« id aa foilowat 

(Raoaiit; Alluvium

CK ;r<> ;M>/J.; (Uancoa sliala (upjxtr partj
(Ueaiiverda formation

Gallup aondatone and Dilco COA! 
Itfancoa ahala (lovar {>art) 
(Dakota tendatona

IC (Uorrison fornution
(Jan Eafaol group

Tbdilto iiaoatono aMabar of Wonakah foraation 
ttitraxte sdndstona 
Carnal formation

Juraaaio Hooka

Ttia oldaat rocka In t/io area bolon^ to tha MLR Rafaol group, of lata 

Juraaaio atia, although tho lo><t»at foraation, the Curiaal, doea not crop out 

within tha taappad *rou. O.dar i-ucKa wuro not eonaidarod aa ,x>t*it-4.o- 

baoauaa thay li« too far baneuth U»a land surfuoo, and it ia boliuvod that



wutar can ha obi*;. ui^ar rocks. 

S&n Rafaal group

Tha Jan Rafaal group includes the Carnal formation ihiah doae not crop 

out in tha area of Uiia rajx>rt, t..» .j.tr,. ,; ; ::..,: *.. : c, and the Ibdilio ilnaatona 

MMfcer of tha tfanakah foraation. It. r> ?. xtraaaljr difricuit to datanaina tha 

boundary botwaan tha GHTIMI f»r- M.vi ,r,t! tha ISntrada sandutone in thia region. 

Tho t)iickna»s of tha Sun Kafuuu. j;ro>«P i» batuaan 600 and 750 faet, ac dotui^^i.ua 

from log« of wall* 12M-25 and L3l-(J3a. Ilia Curt.*! forxaation la coiapoaad of 

rad fina-gminad thlnbaddad aKaly ailtatono «.iti.   .... bade of fin»-&ruinad 

aandatoiia oeourring at irragular intarv&ia. Tfh« rook a abova the Carnal 

for., tlon cixiaiat of radctiah-brotin fina-^ruirtad oroao-baddad to flat-baddad 

Aandtii ..^ SJ ^ovarul BtTata of raddiah thin-badriad ohaly ailtatona.

J-O.;K», .wdch bra 55w to 6OO foat tliick, uro aaai^nad to tho £kitrada

Xh« UiUu«*j. ix« «.,vj.w, , w ..v...,^^ur»j*i to ba «»t«r beoi ... 

loga (.tubla 2) do tu>t indiciita tha oceurrenca of wutor in tha fontuttion. Tiia 

Kntradu sandotono on the other hand ia a ral^tivuly ^ood aquifer, tha aand 

gruiria uj w uaiwua,/ t;j.*uu» ana M-tll aortad, : a onX/ nodarataljr oanantad b/ 

oaloiua carbt,nuta and ttinor uraotinta of farric oxido. Tho nail loga (tubla 2) 

ahow that aubatijiti.il tusountt* of w&tor waro oncount«rad in swven;! aonoa within 

i-.id ^r.'.r^-.j.'. s.in . -^,\.'.'.. L: .oil 12U-^.^, tne tjunuataa achuo. ,c_-«, >Ji : ;! ,.,a 

..'jr-.! j.\count«rad bat^aon 1,72? and 1,739 faat, 150 faet ubova tha con^ct. 

. ).-ii. f t.Ji«» a;»n:>«d iiriwi, »iiv«»ral snail »a«:>a hava baart obn«rvad alo«, th.j con 

tact. Ilia ikitruUu dcuuiatona cropa out ovai- 4 -Ur^e r«.3ion .<«at, and norU^aat 

of tha Junaataa araaf furniahin^ a substantial rachttr^a araa for tha ooilection 

and stored of aator. Tiia bada In a larga ^rt of thia rwohara** ar«. di.. to tha
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east, c&uainit the water to nova eeetwurd, dovndip tovaird Uie aanaatoe area

The Todilto Unaatone iit»a ootifornabajr ujxia th«* Kntruda oajidatona 

ia the only part of th« tfanakah fcrmtion r»co,3iizad in thia arm. This lino- 

atom foraarly Moa oonaidered a oanbar of uw uv»r^yitie Mcrrlaon Xornutiion but 

now ia considarod a taaiiMr of th« Manakah forui.tion which ia ociuiv&lant to the 

vpixif jiart of th« :$an Rafnel gronp^i/ 3tok»« <^ia also of tha opinixm that 

t.h« Todllto JLJLneatorHi ahoulri be pluoed in the Jan Kafu«l ^oup; ha b«liav«a 

that the   dliaantary anrironnant ia «on» ralatad to th« 3an Rafaol aadi»an- 

tation than to condition a in llorriaoo tin*.

Tn* Todllto linaatona in the 3unaati»a uron ia 15 to 20 fa«t tliick and 

eonaiata of biuii*h--;;ray, fin«-jjrnined to a^umltio, thin-baddod inpura liaaatone. 

Thia unit m ruo.u'-iui. ^> i;. onion und foma a proninuiit banch in thu aMndatona 

olopaa, «nd in aoaa plaoaa fona» a ras latent cap rook on the Entrudt  andetona.

No ifelia &ra known to produoa wat«r frota tha Todilto end it i* not con- 

dAciarod an a ^iijfer baoauaa of tha JUapervioua charac 4 '-'s rock. 

torriauu

Tha Horrioon formation of late Jurassic a^a lifts conformably upon tna 

Todilto liuaatona. A d«fjju.i.«* oouiioary ia euUto.i. . r-.,. hv tha 

contact batxaan tha lioaatona and aandaton* of tha Uori'iaon. In BOOM arena th« 

ttorrisoa foriKvtion ia eaoily subxtividad into aeraral ttaabara.-* Baoh of ttoaa«

, A. A., Dune, C. H., tarui Raauida, J. B., 3r. t Raviaad correlation of 
Jurassic formation of parts of Uia>i» oriauna, MOH Itoxioo, .id Coloradoi Awor 
Aaaoo. PatroleoM Qeologiata Dull., vol. 31, no. 9, pp. 1664-l^S, 1947.

JvStokea, W. L., Uorriaon fo osita in and adjaoent to 
t»ia Colorado PluteftUi Ctool. «,-. , .JL. 55, p. 9%, 1944.

H. B., tha San Juun .a and ic roconn&iaaanoa 
of aouthetujtarn UUilu U. -.     «r IdB, . ><^-6C, 1930*
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aeabera is defined by its o.rn distinctive lltholot^y, which includes aoolian 

sandstone, fluvlatiie a&riustone, sixtstone, muastarje, und contjlo; ignite. In 

the Sanastee urea, however, it is oifricult to subdivide the Uorrisan foraatian 

into members because there are no sharply contrasting lithologic changes. The 

Uorrison ronaation CTOJJS out oru^ .a* the western , art of thu ^rca. In this 

locality liie rocks consist of inkiah-<{ray to <«hi:.a, oadiuur-^raiiiMU, thiii- 

beddad, ..o^jcly CB;»nt&d iiAiid^tones ,.J.-uei'n«kta iiitii gi L.v , .auk, groan and 

r«d, ttiin-iXftJUeu 34o.tsix>uua. - , j t^Itea'a.AJa^ u«Kui Tuna u I'omju Irx-ejjaiar 

alo.iu, uaually xirtiy concealed by talus. Tita thi< .^ieas of th<* Uorriaon for- 

Bfttion it; -..- .,..,.»jtee «r«»a is l^lUC t. -,-. . ^ jet. In ^dnei-.u., the lo.ver 600 

to TOO feet ounsiata Imr^aljr of aundstoua( ^twireas the uppar part contains near 

ly equuly anomttt of ailtatone and aandatone.

The UUD JLSCIJ Aurm.tion contA(X>is UHJ uaa^ntlal feutui*aa of u relatively 

good aquifor. The cruiim in the sandstones are fairly tfell sorted and loosely 

cenunted. The ailtotonea usually cont JLn enough sand grains to make them sone- 

  h&t pervious. Table ^ u; 10,13 tnut water was oncuunt^rod in suvorui of the 

thicker sandstone units thut occur throughout the formation. In audition to 

the outoroos (shown on ->l.ite 1, outcro, <s .taat of the area mapped nrovide an 

excellent reoharije area. These beda clip to ti.o . . .:,...s.'.. t..j ..rounu ^ater 

to now* -n that direction. The water is under arte«i&n pressure, ua evidenced 

by flouln,-i veils 12^-^5, 12R-83, and 12R-.^.  .~^~±  .. .. ^.,.jaea the 

korrison 6 to 7 oilea west of the achool, providing on important source of 

rechar^. It ia believed that water could be obtained frota the Uorriaon for 

mation alnoat any.there in the oamatee area, .«..^ --.,.- .... »..-*. .^obability tho 

Mater would be under sufficient artesian pa*e«oura to flon froa a well.
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Dakota eatidut one

Tha oldaat nrataeaouu rod:a in the 3unastae area are reto*eaentad by tha 

Dakota, atuxlutoiio, ^itio'i A fro.- tha itorrlaoa for.fc.tion by an aroaional 

uneonfonaity. Tha contact is not ,ure easily detectad booauae tha lithol-

-0. ~f tha Korrioon formation anf' ti.nkou* » <r^ ;*^»w la similar in mny places.

 here tha uitconforaity oan ba detected, tiw -troaion ahannala h&vo a raiiaJT of 

»«v«r.,.. ir.ohua to aavariil faat. In tha iianaataa araa tha DukoUt aartdatotxi is 

-- -. -.A. ,nt-«ray, aediust-grainad, thln-bad4«d, «i«ll>4ai«ant<id aAndatonaa 

ltern*iu« i«ith Kr«y aod biaok thin-baddad ail^Atunoii. T;».ui u>*u,48 oJT low- 

pool occur ut irra^^ular intanrfda. Tii«t nand. tones farm raniat*\nt ladgao 

and thu intervej,^ y> <.^.^^y bada form nlojxia. Tu« thioknaaa of thia Jfortaution, 

aa datanaiitad froa trail logtt CUibxa 2), rari^«»a frou 16 fm»t to nnr« than 100 

faat. iMcauita tha iithoio,.^ of tha Dakota aandatoiie ia ni<iilar tx> Uiat of j>art 

of Uta iiorriaon iu^.o, ±^ j... -.^j.^^-^ vu dataruxnti tha thiuknwaa aaourutaly.

Tha Dakota tNuvlotono ia known to ba a ^ood aquifor orer oaegr lutfa araaa. 

In tha aantiataa araa tha fonutiort ia relatival/ thin but containa thick uuita 

of aandatona in a fa« placaa. Thooa aanclatonaa provide reaanroir apace and 

allow water to taove relatively freely. A study of the *ell loga indieatea 

s-.^.v, these thicker eandatona units contain a annll aiaount of »at«r. If 

walla were «paced at «ida intai^vula it *ouid b» po»aibla to obtain water in 

Halted anounts froa th» Hukota aandstone. The water probably nould be under 

artesian predaure, as the structure of tno Uako, .; nd-jtoiie ia cunforuubla to 

that of the Horrison fort^ition. 

Mancoa ahala

Tha kuacos 3ii4i^e lieu coiiXoruabJgr upon U;e Luuiota nmOsttiiia. The bound 

ary la easily observed owin^ to thu altar, - contrast between the black snale and 

the underlying lifr'Jt-gray a&iKiatone. The Uuicoo ahale haa an alaoat
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and ia coM,x>a«d of dork-»p-«y to bl&ok fiaaii«* cartxxiaoaoua tihola. 

Iti tha 3ana*t«0 urott tha Uuncos shale la aplit into ttio piirta by a ton&ie of 

tno UIUJLI^P sandstone and Dilco Goal noabora of tha Mestveitie formation 

The lonar pi* t of the litmcoa .la blulatt-^ray fiaailt «hala, with an

of fin f»&t. 1"h« ur>n»»r   .;-.rt In fjr^(v";!>»-i«t»<>Hfi oranaoooua fiaalla

«u*U aiitatwie, wil.ii ttn uv<»rn i thick2>«aa of 950 feat.

Althoiii;h the Manooa »h**l<» i« '!«n«rally cunaiciorad older than tha Mesa- 

vorue forraat.ioii, tha u.-y  , ahola In the ^anaotea areu is ^uun,,ur 

than thn und<3rlying Gallup nnua^tone and Dilco ooa, jtijjabera of tha Maaavnrxla 

forwntion (fl.1?. 1). The intsrton/julry: relction nnd depositiorial history of 

M>.VJV ^rvttiwiui' T-W uiacuasoo taore iuiijr o/ i'jjta-* t*ian in tols ra- 

jxtrt. In brl«f, thaea dapoaita or a ralatad to th<» trana^r-jiision arid 

of tha aen that . -d t^i.t ^r»a in Uppflr- C^o'^icoouw ti/ae. Tha ohala 

dapoaitad dur.lny a pf*ri<xi   ... ^h» atWi twd tr*tri3jr (333<Ki to tha south, 

ti>9 torvjttfj* of acndetone represent a r^^iraamiiw atn&t »h«n ti*a aoaa «ithdr«v 

to the north.

Tha Mancoa shnla la not an aquif ur but auto uu un injxirvious b*o-rler 

batNaan ground mttera in tha umlnrlylitc itmtl ovr-rlylii^; tuuidutunoa.

yPika, ,t. &., Jr., InlurtontfuJu.,, ..,ri»^ .u..i non«t»rine Uppor Cretacaoua 
dapoa ta of Me.* kaxlco, Arizona, and «outh.«estern Colorado: (Jeol. c>oe.
Aoaiioa Maooir 24, pp. 13-25, 19V/. 
America M
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JCoaavardg fonatition

In tlta .Jaji&tftae araa thi» Gallup a.iRdatone .uul Dilco cool taaatocra of tha 

Maaavarda formation occur aa a. ton*;ua within tha Mancos aiv.Ie (fi,^,. I). t:da 

toft£ua i» -.JJ.V.4.1HJU \" f litholo^- ui^i x,:»r<je <4ru.i«8:

a xowar port co:. >r a light-gray , fina-gruinad, thin-badoau aandatone 

that lute baen corrt»^ -tod «ith the (ktolup amtdntona neabor of tha Maaavarda 

'nrnution by PiK«.~ . Thi.: univt- . .i.ur!i^t.Jui{S eunOatonea, c^rbonaoaous 

Kiltatonea aj.J acuttwrod coal aaaoa which *u-« oorralataci wiU) tha loaar part 

of the Dilco coal twaibar. -'3- A li&ht/-,'iroy, coarae-,^itined, uroaa-haddi»d

7/ of Jaera.  " Tha total thioknosa of tha throa unite uvart-^aa about iXX> faut.

They Si.iva baon rafai-ratt t<j ioR4xl^>- aa tha Tocito aaridatoria lanti-   -ue kancoa 

shale, rrua Uia oxpoauraa ±ji locito i&iah. iiowevar, aa Pik«* ha3 coi-raiat*i thaa 

with tha Uillup sbrui»tuna arid Dilco ooai uKuabaru of tha Moaavorda foriaation, 

th«s n«B» T<xjlto <kx»a not «n:-»* »  to be valid. For tho purpooo oi this rvport 

) L.K''',. corrugation li«» bowi uaa<l.

T <> c«u .liip aandatuna {»«b«r and tha "atr&y aandatone" of tha Ifoaovarda 

foruatiori i«iva jiood »«*'  _>....«'-.-   ' !«, >. Hie uiind £iMi:u» ii. uwwi» io*a 

elaan and wall aortud &nd «ra not <ail owaantwd, oapecia^iy in thu "atray aand- 

atana." t^iaaa oharaotariatica allo-, (jrousid watur to r-k>w thro^h tho o'JKlatona 

fraaXy but beouuaa it ia relativ*ljr thin tho reaarvi jn uupuv^.^ xu nut ^irya. 

Tha racliaraa araa of theaa aadbara ia not aa largu as rechar^a araau of tha 

Morrioon and Entrada fcna.tiona. In the vicinity of Tocito trading post and 

ttjwn^ tho norti.JaQL ijuwK of Tocito <&oa tt^s occurnmca of aaapa in tha Gullup 

aandatona naab«r ahoaa that it eontuina eana vaiar.

, Hi. d., Jr., op. cit., p. ^ki, XV47. 

p. 28.

Jaars, J. U., Hunt, C. B., und HundricKa, T. A., Tranagraoaiva und ragrasaiva 
Cratuoaoua dapooita in aouthorn 3iui «Jua« Buain, M. Itox.t U. J. Oaol. hurray Prof. 
Pupar 193-F, ;j. 10J,



10.

Quaternary Deposits

of Keeent atf« occurs alonjj Junaatee Hush and Toclto Hash 

. I) and consists of a ,-alxture of shal^i, silt, ann-l, shabbies, and boulders 

uu, uau.tuu in lo;i& siiii-uLou aeprasaxons alor:^ tna atr.'cu: course:*. Th« finer 

Materials wore derived Iron the surrounding Cretaceous and Jurassic recks. The 

coarser materials are aoatly i.meo i.<5 fra^ents froa th« volcanic rocks that 

crop out Most of the Sonaatee area. fu<» ulluviun ran^ua in ttuckueas froo 

5 to 25 feet.

Viater sores fr«u^ .,,i« onoonsolid^ted alluvium, as evidenced by 

several seepo aloxvg the wuahea. Nearly all these seej^s are located where 

i«(,ervious a!;sl» bods force utiu«rflorf to th« surface. Several dog wells obtain

HBt "" " ' ' ..

Outcrop cf lyiooun rocks in tlxa urou consist of on* acmll plu«; and

^ . oi ^uc^to ..ush. Ttie«e rooi:s are b«llev«»d to be 

iuaj.^y rolatod to th« voiutuilc nec/.a that lie southeast of the 

aroa. The igneoua rocks do not yield

The oon«ete« uroa Ii«s i; 1. ttx» ..uatr>u«iit;>al part of the :ian Juan Basin 

and cont .i'^i rjoverai loual anticlinal folus tpl. 1;. The Iwrgtsat of thea« is

Boautiful i,;:;uiii:u*T . uu^^uxi:*«: . j.^. *.an ax_a vi uiia ontj.vo.ine

N. 20°.f. t)iroii,£.. the central port of Uie arua. N*»ar the

northoni boundi'.r;' «>jf tho ;troa the xtia strings eastward to about K. 10° £.,

for a aiauuv>e or 'j I^LLUS r^ortli of the mapped areu. The itorthern 

half of th«i antielinif is folded asyiouatriaally, as tiie eastern flank dips 

9 to 13 an- 4 *»»» «»Bt«m flank oips 1 4«w .. . The st>utu«rn ht_* .. wive 

anticline ia r,«tu*-> iiyi^jwtrioal, as both flanks aip froa 1° to J°.
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decrees. The southern half of the anticline is nearly symetrical, as both 

flanks clip from 1 to j> degrees.

A small, prominent elongated dome, known as the Tocito dome, lies in 

t e northeast nart of the area. The major axis of this dome trends about N. 40° 

W. I'.ie lengtn of the aome is about, twice as great as the width, and the north 

eastern and southwestern flanks are nearly symetrical. The southern end of 

t'nc do. .e i:> several hundred feet north of Sanastee Wash, and the northern end 

is 1 ui^e nortnwest of well 12H. -84» H minor east-west fau,o m^u & ^isplace- 

..lent of about 50 feet cuts across the center of the do.ne. This fault is not 

shown on plate 1.

A relatively snailow asymmetrical syncline trendiii,, i,. ^j"  . lies 

between Beautiful Mountain anticline and Tocito dome. Another asymmetrical 

syncline trending about N. 20 W. lias west of the southern half of Beautiful 

fountain anticline, ine eastward dip 01. u..«j beus in trie western limb of this 

syncline ranges from 1 to 11 degrees. In the western part of the area the 

dip of the beds becomes increasingly greater.

Tnese eastwaru-uipping strata are believed to be a part of the Fort 

Defiance monocline. The folded structures of the Sanastee area are pertinent 

to tne movement of sround water. The greater nart of the recharge area is 

located on tne eastward-cipping strata i/.-iai. iur.:. u,ie lower part of tne Fort 

Defiance monocline. The reciiarge area is several hundred feet hirner in 

elevation than the wells in the Sanastee area (table 1). It is evident that 

tne round water snouiu oe <nuer artesian pressure at one we .Is. Furthermore, 

well tests indicate tnat ttie hydrostatic pressure is sufficient to cause ground 

wal'.r to move tnrough tne folded structures.

WH I i'jTl OUJ i-ijlljj

An investigation was made of the wells and most of tne springs in the 

danastee area, and tne results of tnese studies are given in tables 1, 2, and



3. , c i;iv-.,ui u^u. snowed t ,at only t.ie Dakota? sandstone, the Morrison 12 

formation, and the Entrada sandstone will yield sufficient water to supply t.ie 

nronosed school. Water was encountered in one or more of these formations by 

four aeep v.ui.ls (12K-25, 12K-'3, 12H-^3a, 12R-'%, table 2). One of t!ie four 

deen we'Is (12M-25) is on Beautiful Mountain anticline at oanastee school. 

T. e ot. icr three wells are on Tocito dome, about 7 miles northeast of Sanastee. 

T.-C io.iov;i i, st-cuxuus nioc .00 LM.V, w,^, 4 - ^.;.:iies of the area.

Well at oanastee school

Well 12M-25 has been flowing almost without interruption since 1925. 

A stuuv OL une wt-i.x io;_. viable 2) s .  *,  ,.,.  most of tne water is produced 

from tne Korrison formation anu the Dakota ? sandstone, which overlie the 

Todilto liinestone. The oil anu a small amount of the water is produced from 

tuu iMitrada sandstone.

Tests were made on the well to determine the maximum shut-in pressure, 

the maximum rate of flow, and the physical characteristics of the aquifers. 

The flow from the well was shut off for 4.# hours by a valve at the orifice 

of tne well. Data obtained from observing the build-up in pressure (see 

fir. 2 a) made it possible to compute the hydrostatic pressure that would have 

uuilt -.^ been uct off indefinitely. This hydrostatic pressure

was co., p'.i,<.w ^ be equal to tne nress.jre reouired to support a column of 

v.-aler 129 feet in height above the measuring point. Alter tnt pressure ,uioa 

were collected, tiie valve was opened and measurements were made of the decline 

J.M it^-. . f flow v.,.,.. . espect to !,i...e. ,'ne rate of flow became aonroxiiiiately

constant at 5V gallons per minute aoout 4 hours after tne valve was o;ieneu 
(see fif;. 2 M. Computations of transmissibilit,/, usin, a method developed 
by l'heis-L t indicate that the aquifers at oanastee are moderately permeable, 
rei.ative to other sandstone aquifers. Using a discharge of 57 gallons per

11 Theis, C. V., The relation between the lowering of the piezometric surface 
and the rate and duration of discharge of a well using ground-water storage: 

  ophys. Union Trans. p. 520, 1935.



;x)int. Aft;;r tno ]jT3«:juri. «r<} ou^uet**!, the va\vo u-«o opanod and

Ttm rnt« of flow o«Ktatt« fcppi 1 .ti/fctt.a . !,.jftt at 57 i^lJwwia pur «iaut« about 

i* ho .ra uft»;;r uhn vnivo .«HB ojxmmi (b«o fi,:. 2b). Coni).'t.\tio,i« of tranatola- 

ol.^jL_j.t., , 0111114 tt M»suUoU i«'/«io;>«u u. iuuiii,  ^cuicato U... ., . ^tuifara *it 

5f.nu8t«w ;ir« aod«rut«l> p«ru<*aul<*, ruJUitiv« U> othur s^nd^toua &quifor3. With 

.. iac ! ur-^o of 57 #illon , ,-, »r LAnata (fiij. 2b h* oo;::)utod aLatic hn.^.1 of 

i. v . aDov« the NM«i*uriii£ j>oi..t, too m>»*oxiia cuf>ucii,v oi" ch« iMll. »<«« ccwapu' od 

to DC about 0.45 gallon "  «.- minute tuq^foot of

th« 3an;i«toe ar«»M *ould yield aufri-: : ->piy tue propoaaa 

aciiool.

»<»ij.u on Tocito Dooa

Th« tiiraa «olla on Tocito do.^ (.l^t-cU, 12B-<i3u, and 

drlllecf in atv.rch of oil. Tito of t,hd -.alia .r«r«i abandoned aa oil tuata ^nd, 

b*aaua« rr*sh .- .oor Jits aiico.iiitoi*»l, tuay ^^-tt «olvi to t..-.- .. ru.u«at 

for uae ua K*t«r 4«ij.a. The third :<^\ (.12H- o, .::jr; . toata could 

b« Ma<to to <i« . .u aawia.. .._  .___...._, .... . .

Ta« Hic^r^j ami tho ia«xi.iuu ii/virotft.>,&io .^roaem-ti w«tra Mo«uiia*ad on 

welia l^Hr-.-y H;K! J-2»-ai*. Tt>« orMnr-flo^ r<it« of c!i»churgt» of 

IV <j*CLi . r minJta t..,. «. - of 

3 hours wus equivalent to tho ,>r ruciuarwi to nupjxjrt u cuiuBH of 

about 37 fo»*t a*x«r« t,M l«ji(i f»urfn<!«. T  =  -. ^«n-flo of '>is«Jy*r^«? of

««JUL 12R-fcX >. ' -t^vi; v.;yt,<.vj.v ,r«>3iT« at

th« «nd of 3 HoiiT;; 'ma «quiv*ilo»n i'y_aure rtx^uij'ed to support a

, G. V., Tine relnt; a the loviurin,; of th«f piMKMotrio aurfac* 
and th« rats ana duration of diachar^d of u «eH uain^ ^rounci-itfttor 
An. U«o;>hya. Union Tr*ma., . , 19^5*



u.
column of outer about 30 eet a OY.J the land surf-.cw. The fl»H9ure»ent8 slowed 

tn*»t tno ca winod flo.« of t*>tu HW.I-UI *ouxu uu.op.iy tna »iw ^^-ij-ofia pur Minute 

needed for the propoaetf aohool.

Cttlcu-ationa were aade to estimate th« tlra./dom in enc . sieli, oaauoing 

that watar tor tu« ;.>rupo8ed BOUOOJ. ..OLUU o aujv-^-*1 i'row uiV ; ,«...'-. o. >.,u..: i iin;i 

part of aacl. day and oolJuootinji tlio l'*o.< during the raouinlnn port of i.i>e aiy. 

an 8-liour Ojtily puri;>inK poriod &n>. u A-..OIIT' >jrioil during rthich the

aurface ia recovurinj; froa tti<t puuipiivi iu. -u« ievttl oJT 

flo^, the »««il «>uld fio.i at Uia otuxiiauta rate of 19 ^ullona par minute 

for 12 hoi a* a   jtn? at a loner rat~ ._ ... the Litter au^ea of the ^- 

period of recovery . The diaohar^e during tiie 4-tjour rooovery period ia not 

included, bat conxtitutaa H f.'iotor of aafurty, in the folium

Tot,'vi wnter needed per ic4 houra: 37*500 gallona

collected during 12-nour x'lo.ii^ .xsriod (60 adn. 
x 12 lira, x 19 £*  >)* 13,600 gallona

Obter >:oliect«d during A-h<iur rec'-v*^ j^rLodJ

 t&ter i»'ajit <"- >ui^Htu u'.vi'.yi^ i-ji^ i «: :-.xujjjii o uoura
23,

of dru.»do«nj» o.uu i'aet 

Ai>p.lyin^ a aiMilar j^roceciura to v.-ell 12&-&*, tlje rwqulred puu^in^ rutu 

would be 62 gallon* per uinut« an<i the drArfdo«u «ouid Ui about 1/0 feat below the 

surfuoe.



*h»'new veil*

The locutions of the springs studied In the S*n*8te* eree. ere ehovn oft 

pint* 1* nid records of these eprines *re given in t*ble« 1 and 3. Two 

(S-l end S-2) issue from the lower part of the Hencon shale, rlong the 

of Cennstee V«eh. The operator of Ganprtte tracing pott reported that th» 

flow of uprin^ S_2 Increased in 19^5, fcfter & aeinBogropb crev «et off 

oBlone in thi« Ticinity. A resident In-H^n reported thpt   

t*ft hole vt-t drilled at the spring. Vhatev*r the c*use, the 

euthore aefrure th*t re n result of the eeisroi^rRyh testing program R 

vnn oppnftd throii^x the *hal* t which slloved w^ter fro» the ^ekets sanJstone 

to flov to the iRtd P'orf^ce. A third fprlns (5-3) isrute from alluvial fill 

in the l*ottoE of the vceh, r.nd reprefente underflow forced to the stzrfpce "by 

*h«ile he^n, A fourth ?t>ring (S-5) it on the north»*«!trrn liah of

do»e. end inruee fron tbe 0«llur» trn-iftone reaiber of the ^eBpyerde 

formation,

Hfvpr«l reep» »"long Ranactee V>gh isfue froa the nlluvi*! fill t «n^ one 

veil (S-k) fonr^erly vp« used to ohtf-in water froo the fill. The -underflov of 

Sfinrmtee Cre^V va« e*ti»et*d to he tiVout 50 ge.ll on* per minute »t the tin* of 

the inve*tigfttion. Itperriou* rh&le "beds force under flov to the surfnce et 

eer«ral localities between Sana B tee nehool and IT. S. Hi^vajr 666. K*rehj Innde 

supporting ewiop grass occur in sone of theee locnlities, moA incrustetione of 

enlt «loa« the edges of the str«u ere copnon.

qCALITT 0? VATSR

J. 2. Hn

The analyses of serren water samples In table 3 show the cheaical character 

of ground waters In the Ticlnity of Sanastee. Two samples, which ware collected



from well 1PH-25 9 tenths eptrt, show no significant differences in quality. 

Vflls 12B-83 and 1?S-BU, northeast of £an*«tee, yield vnter with cheislcal 

ch*recter nln«ll«r to water fron veil l?M-?5. The v*t«r from these three well* 

It derived principally from the £»kota s&ndeton* *nd the Hcrrlsoa formation. 

The vtter fron wells 12R-83 and 12B-gl< net a slightly higher dissolYed-iiolidt 

content than wwter fro» well 12K-25. This difference »«jr "be censed fcy one or 

both of the following fpetorsl (l) local variation In soluble s^lte In th« 

DnJrota s».n<*tone and the Morrli»on fona"tioa| end (?) yprl^tlons In the 

proportions of w^ter coning froe the different vster-be^ring befls In th» 

forn-ntlonc. The lov conce-ntrrtionB of e^lciuw pn4 Bti^fteeium in the wrter froa 

these three v<»lls In^lc^tea thrt nptur«l softening of the wrt"T by bp«e exchange 

eay occur vlthln the I>ekotR RnA Korrlwsn for»ptlons.

Spring S-l Ircues frofc K»-.nco» shf.le »n^ yielis vster contninins rather 

Irrge otountu of dissolved «olH*, ir.ststly crlciME rnS sxilfnte. Spring S-2, 

nearby, yields vrtpr lower in dlBPolved-nollde concentration rnd much rofter ( 

the principal conxtitucntft being sodlwi, blc*rbonpte, und nulfste. A« i»lre»dy 

ntnted in thi» report, erring S-? Is believed to obtpln so»e water from the 

Underlying ItaVata »«nAstone, and the diBchnrge »cy represent a olrture of 

waters froa the ~»kota ppn^ntone snrl the Koncoe »h*le» Spring ^-3 ieettes in the 

bottoa of SftiiAstee ^'esh, and the an»ly«is of a sample froa this spring !  

belieTed to represent the quality of w^ter In the Quaternary alltnriva elong 

the wash. Thlf veter is voeewhAt core highly cine milred than the water froa 

spring S-l and fron spring S_2. Spring S-5 is reported to issue from the 

Galltjp imndstone ceaber of the Necarrerdt fomatloa on the northeast side of 

Tocito doee. On the basis of the an»ly»es, vater fro» spring S_5 Is of better 

quality tham water from the other spring* in the area*
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1 ^ Vi 5in.

Tho cilncujaion of the wells on Tocit

In i 1.0  " " 'y **'  

aider tho h«a<iiiitf wW*t«r ^a

,:*<»  ;.»/< frtl* thu . iTVtrtoued School. 

666

Construction of a n«»w 3«!;oc

the drlillr.g ;>f « «'.*!!.

at iifiy X.illlt i. '-'. ;  ; cii'tUHi-

>>f tho abaadonad school would roquira 

indientwi tli-ut .'.at*; - could b* obtained

:>C .'.' j. ..->ii

i,   ; oct»4 ia libout 3 > xilas .vwsit of th« highway, th« folio»fint; atratigraphic 

a<;oLion iiould bo

Fbrni'tlon /,, «

Sancos shale 
(.u; -r ' c rtj Uretuoooua Mon-«rHt«»r-b«»ariJv;

(

100-21X* 100-2CX)

oo
Of

Dakota Q' 

Uorrison

oo.

do.

Joraasio

60-10C,

do.

tu t!«a Emotion abov«, d«tenuiri«id from a study of wall

distribution of fon*»tlofis, u:ui «tructur(il r«\«tlons In th« v>nn««t«e ar««, a » !! 

at thia a iv; .-.'.: ^ . ' '. , . A/^U a j 

:o3ic';!ta'i dc^f-, of ..,4U; i'*j- ,ar fQU-Ui ue enc^untoa^ed In ttio Dakota 

but in ru'_l pro?vaMV^t7 the ntt.lor -uirt of tho «ator woixld hav« to bo obtainoa by 

diillini; .jj<t-> m-ir.or; fc-maioM,

Ui

Tno follatiiur aonclu.v' ! -;> nd tiona c»re aade for tht» dovolopiMnt 

of £i aui.uUut >v<iV«u' uupol; " :i'3 oaiuidiuu school:

1. About M t 5M> ^allonu .7 of }x>tiibl*» .mter nill be naodad in the Sunuati
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a ;i«n th« propo8«d school is constructed.

s.» The oiinam*:"   «-. i ^-U^- 

contain .t«»d with o.. ter frou the 

uao «t;ti:e::.t for ... 'dated oil.

In o.c.i

Tor

u piuft in 

.400 fwt. 

.f be done

-ill co 1 -

.ouiil ! « nL -

.aC'Hi to furnish a wator supply for

xj.e fri oxiat»in& <*<tll» «uiu should bo

jfroci

. This

IT

.«: of a <*<;, . 

and U.

Hvt noil ahouid oo 

u..v . . of :!,i«.(X', foot. The waf. 

*rt i«.> - .:   

tract the <  :i tiMi ttr«u

  school ouat of ,>ar.i.at,«tj aunool would r*.juir« lh<» 

ii<: be ob*-Air - ny ;x?i«t b*t.teen .3anRst»e school

. dopU, .UO

, aiui tha

mtt MH:^U' Irou u wt^^. in tola vieitiity

crohab-V .biu for domestic uaa.



 e*> r* 
K

 
|

»
* 

t. 
 

_
»

 
 
 
 
 

V
l
 

i 
':

> 
c

£
*~

*
  a
*
i

sl * w  t>
ofi ? sW
C

 
«:

e «
ffS

 
flC

JQ
 

r-<
  »

 
r-i

t. V
 
 
 

 
*
 

C
 

>
 

'
;^~

 
f-4

 
 

ft-
«g 

«»-
9

 
«
 

4
. 

V
=

 *
»

*
«

-
<

«
!

 
 

r 
«

. 
' 

- 
«

 
V

-
«, >^

«
|

r
*
v

ir>w-*

!ji
vo1-1

! 
^

O
 

\C
\ 

f

K
 

' 
q

9
f
f
 

t*

1

   
i 

I

j

Qf
t
 

^
»»H

i1 i
t 

to
-?

V
 

>
X

!
TO«

c 
if

- 
- 

i
- 

S3
*
 

»
- 

-
I
I

«. 
+> e 

« "F?
?- 

I"
 

.4 
C

 
rH

 
t" 

«
 

«-  
4
 

C
 

f 
*':

* *

1
 

C
*.- 

C
-i->r 

«,

fe
.5

<? e i
a

 x; 
n

 +»o
W

 
*
 

A
 >»

 f"< 
4- 

fci 
r-

r 
g

V- 
P

'c «e>
«
 

 >
«

 r*r1

5
r

r- 
 

e*:  

^ 
 

r
 O

 
r

..

1. 
1 ..
CT--
"«C

i 
* 

u<?e,5

....

.,.11!
>

.
0

 
1 

-
o 
 

r 
(A

 
r

l
^

r4

«
H sf'

8
h

 
*
 

«-) ,0
V

i 
g

 
V

i 
§

G
 

C

h<b
V

:O

 
<

~
! 

I
 
 1

« 
*

*»e  *»
g 

*
  

 «* 
>

c 
** 

 
C

 
G

-5 "
. .^

 .1

»L«^» 
>U

t

11

1
1i

i 
-' 

' 
! j

if.

i1

4ii t?
' 

1
j 

1
j

11

 
f
-C°«-i 

.

fa

  
^

11 o c

i

i

1

 
 

t-

ii ;

11t

i 
i

i
»

t

 o c

!

eV
.

 
 

r
- 

r~
 

1
1

 
.

«r<

-*
*

1C

 ̂D
|i-*

t 
r 

f)

r** 
i 

<J> 
h

K
*

«
0

J
 *-^c\i
«
0
|r-* 

I 1PR.KV

f
f^-a

^
.-4

 
1 

C
^

 
^

 
'

 o^tn 
F«fe^ 

5
jtr

8P*< c«!
^?t*liV*»»

 
*>

fes 
^^ 

g*i 
 

ft
f
-
!

*
*
 

1

e

1«
 

0w
^ 

f*t

it^i r-

,h(
 

«

 t: 

t..<*> i 
rH*;Pc*
 ? 

C'«1
.Ct

ic* 

x
 

Z
fr-<1

C

.
.
.
*
_
_

tr\ 
t'

Vc*=' 
*'

« s«ft.
4* 

 
c 

«* 
« 

o
ft 

-1 
« 

>
t, 

. 
O

3
*1

-1
K

 
^

 
*- 

 
w

- 
^

^
 

^
«
»

28. .
X

 
fc<

^1 ^



21

Office 
number

12K-?5

Records obtained by H. A. T»«he, 3. A. L*rua, *nd A. I>. Pull do 
(See plate 1 for location* of well* nnrt srHn^s.)

»>_!_« JT level
flute of

ing
(feet) V

30 DS
Oil t««t, nov used *« w»t«r veil. 
Suppli«»
nlxiC* of oil frott Bntrada trnd- 
stone. KcpnUTftd flow of v-pter, 
59 gel lone per nlirate, Au^. 30 » 

See
I.S 77 Oil t«*t. I'pBsnred flow of vater, 

19 gi»llon§ ip«r ninute, ^ec. 19, 
iqUg. sviswi »*c . 17. T. ?6 w., 
ft. 18 V. Se« loe.

75 Oil te«t,
T. ?6 ».. I. K. See

17. 
le*.

n * I,S Oil test. Mftaimred new of wpt«r, 
11 gallon* oer nlaute, Aug. Tl,

8, T. ?f, >'., a. ig w.

SL1 into *5mv«it«e »«»«h. K»«tim«t«d 
din charge, Aug. r\, 19^9. "5 

teinute.
5-2 >>y . Estimated

3.U 10 e/

In bed of Spnaatee WWFh. 
discharge. Aug. n, 19^9. 50 £"1-

*u«. Rone Prolucet^ vster froa alluvial fill 
of " tp "

Spring "i^ I? 'vr. 5*n T5d«tpne outcrot? oa 
en<;tinrn side of Torito done.

minute, ^ec. 19.

c/ ^, dow*»«tic5 3, utock; I, irrigation; *, none.
A/ S«» table ? for «w»ly«i» of water from thle veil or spring.
 I W»ter level reported.
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Hydrostatic pressure at well head,

. In pounds per square Inch 

Discharge, in gallons per minute^
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Figure 2.- Graphs showing results of tests en well 12K-25, Sanaatee, H. Mex.


