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REGIONAL HYDROGEOLOGY OF THE NAV.J.\J'O AN.) HOPI 
INDIAN RE.3ERV A.TICN3, 1\RIZONA, NEW MEXICO, 

AND UTAH 

By 

l\. £. Cooley, J. VI. Harr:Shbarger. J. P. ~'\kers. 

and ~v. F. Hardt 
with a section on Vegetation by 0. N. Hicks 

- ------------

:\.bstract 

The Navajo and Hopi lndia."1 Reservations have an area of 

about 25, (100 square miles and are in the south··central part of the 

Colorado Ptateaus pbysiorraphje provin<."~1. The r serv tions are 

tmderlain by sedin,entat~y rocks that rt'..nge in age frorn Cambrian to ,. 

Tertiary. but Permian and younp r rockF.; are c~po8ed in about 95 per-

cent of the area. Igneous and tttetamorphic ba.~emcnt rocks of Pre-

cambrian age underlie the sedimentary rocks t dcpthr .. ranging be-

tween 1, (J00 and 1 0. 000 feet. N uch of the area i..s mantl•~d by thL.1 

alluvial, eolian, and terrace dt~posits, which mainly are between 10 

and 50 feet thick. 
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1'he 'fc vajo country s. p rt oft 1e tern s lf are 

tht.t C rdillera.n !reo ~yr•cline urmg '' zoic rum E 

• · e sJ lt areaca were 

it undate • t"eqv t y bv etW that x e •deo t'ro . ~~ e cer tr l p s ..,f 

le eO!.iynclines. ,. a r!..J ult. cornpll'!x bt rt·J!1f.{Uin~ and rapld f;:-,.c oa 

c J9.r ~ ;:re p::- v~ ~ •t ·n tn.'! :.>ec.llr; en u:t.-y rock~ ':wd or1.• ...,~ •A e ci th 

rrinci,aJ C\.·I'ltrol,. Grt th' grot! d-Ncte·~ .h.yili~ology. ~ ioa«i i ll.ft be­

ginning in ate C~·ctace llS 1:icnt:.• ri~ trey ,; t!:,e ltocky i.luii t i.n ft. ...,. 

yncline 

and cro~ion 'n··. ugtlO Cen, ... ~ok tin 

·rn r ........ ka t~.re char c-. • i"'\?:ci l)y tl•e ab ·ence ui ev .re dt-for-

·1at rn.. The 

rly "! .rtiary til co. whi "n produce a vuri ty of fold~. 

I .. t r. 1n T£~rtiury anc! · uatern y ,iu:c::. the ... '\!cl if ·' upwarp d ao 

1 ca.H.)I faUltt:d. 

Tht: es rveti~ ·e clivict ... d iuto v .1. nl ydrog olq:k r.; ' 1
-

' i .. 1 ion's 1· 

c of · • .l.Uld • t.a" in each 

aub i lT! 10. i on~.roae.: ~rtncip 11 l ~' he g ·olo ·Y· 
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I'h~ .lbn te c::f tht: Na\'&jv co( try ;raries widely, ranging 

fro1 . B-.11d ici ~~1o 1 4, 'iO.! feet to r laU:~d ili.l;:dt. abov~ 7, Ml • f~ut . 

t' cipit ti o h · a str<.·ng an~ fairly unito~z:. e ·'·ion to U.turie and 

t i.. oro .. ·aph.Lc e fecta of me pLys~i ·;Ir:t:~h~. • ~a.'l ~:m al tem~ _r tur'-' 

como on 

p<:~rt of r~rt:l.<Y-y th) . j"lw disl. ·li:;t tio.rl nd orleni U n of tl.t: tm ~,. 

anrl the d~I·ec\.ion of t!rw t~Jb~ds i.t kate t .at the p.· v 1 g i.."ld dur-

i:~ n ... l.iCh O[ p~·ch•,.,tcric tif:-'C '':'\b fr( It• U~c ~outhw·est a:u:: t' e·~efcre 

s:..:. Bh ~ilur t • •'1 ,t,r e ("..:tt l:it"E v i b., '1. tnd p tt~1·n. 

'!Vi dell into broad ~vn ~- con.sil.tting ~r g ass-

h:ruh nt altitude bel )\V 5, ;·~oo t, 

1. 00 f~t! t. "'nd pine fc e t abov 1, :}OJ fe t . ln the ..-;ru - h&" b a11d 

lJlYO 1- jw ip r zonelii, $V...ne of tt pl· t as e. are contr lled 

'.y the t.} ~s of ae<it ... -;.ontary roe. .xpo.ser.l. 



e · 'the Colorado Rive!' J.!!v ...lo~ .. t:.d in late: t.cn{•zoic tic~ w:.;. a 

cd t ··.a ·· • u.t~ .. .ne fol i~d t· .:;k.s 3 +', 

onttnuou' ·cw .. w•ltt;nt.,. y tiw ~~1\r(:l: 1-1:1 1t::-. t it.Jut~i''l,.:>..., rt-n~ltod in 

•- ·.c:u· .. e. o! th.e . n ir r::;y t r... i• r;t "tlh 't:t e1 t W'.S .lt a l: .. a. ~ .u...J 

•.l rine 1att7~ . 1L c~u·•~ £:ll I 1 id~t0ce •-t till'e an • we.. a. :.>ut 1. t'f\u ff'~t. k 

o • '1 J n ·a...,_, er.w an 

~.o or "<if... 'ive •. i.u r · ,off !X""~.,t~ ~ 1e r'.:: ·e~ :.1. 'Hm~ iv ~o the <-oi.Ol' .," 

.1"~iy.rcr. Tt•e C· la.: ..l~O and .3 n ''t.um IH•t r are .. rcn ial. \H t!.e 

th•.! .vt~te! tabl ?. Nc~u· l. · one-.Jlxt t \f the a ... r ra , in e~·nally. 



'fhe aqui! rs · ... ·~ cor::posed of beds of Sa.lldstone betwg n 

n ~arly i! ·1pernj~abl~ layers of siltstone and udstone. 'rhe L •• ain 

aqvifcrs are jn the Coconino .San atune, :ray jo .-,andt:Jtrmc, and the 

alluviur..1; but :.1. othet' n <i.4.S locally yield sC'\n~e water· to vells an! 

sprin~s. The silh:;tcne ana rnuds'LI..ne lay_ ~ ac a~ aquicludes, t us 

~:onfinb.; the ·:;ater irl t.h ~ lffi'ACr JyL'1g s nd!:!ton~ aquifers 1111der a1: tcs-1 .. r;. 

pr ~-~sure in . \.:.Ch Of '\.he al'ea. ."'cr tl C l OS~ T'b.Ct, t11e a:juiferi ln .:h-'3 

~d r~er .. ~ uo.rc foot. 'ields !ron wen~ in the~' _ouifer~ usu. lly E-".rr> 

A e ba:.::h1. an.l upli!:s com:.:.~ol. .he rr,ov~:. ent o ::_;-ro md '."t'::..ter 

in U e sedir;::entu_ y t'C>c.:s; the ··.ther stru·.!+urul f{•.:Iture.:; .. ffed tLe oc­

C11rr€'r.ce of .~ CL nd ~tcr only locruiy. The Hl.t'g r to1 :lr--1 <'i ide tL.e 
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The main areaa of recharge to tho ground~wa.ter reservoirs 
! 

are on the highlands- Defiance Plate u • .£ uni t:•ountair..s, Mv ollon 

::O.ope. San Ji"rancisco Plateau. and Navajo Upla.nds-fllon the true-

tur divides between the hydrologic basins. Movement of the ground 

~ ater in e ch hydrologic basi 1 ia do ndip from the hi.;hlands and to-

ward t e Cruor do, r tttie Colnrado. or San J t:otn li.ivers and their 

lar -er tributaries rather th 11 towiiord the center£ oft .e basius. Black 

• r sa boo-.i.n is ~.Anique in that ne&'.LY a;.l w ter discharg~s h-.to the Little 

Colorado Rive~· fro" l Blue pring. which flo s at about 220 cfe (cubic 

feet per second). Natw'al dt·~ctrari.;e b fron. l, 000 pl'i.ti6:3 and nu-

r ero s "t:!e:tJi~. Art:i.licial discl-:.al:'ge is from 1. 30C ddlled wells and 

55tJ dug wells. which ar used chie l.Y for· don1estic and stocJ purpvses. 
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The g o n t at-:_· ~r~ '·1 e ranf:t! ~ll the t rw and an unt 

1 consthu ~nt-:-i . • o_ t w tP.r h vir. , les · th· 'It: 0 ppm 

c tainin ••• l' ~ 

tlcl W.: ter in f ortr:. 

L it e olor :Jo r 1 v • r, 

f.l. ucr!.:Je 1 the 

... di:.m .:tc> cr'·t•.:::,• n, the vall y of h'· 

c! the f-'au Juan basin is ex" s~i\ c ~·.1 .r.u~: b· 

ru. ple!, a.a l::;:ze i r~ n :> 0 frO,iJ u .u lXHJ.E'It ti~nn t., u 1') !'P:1. . ~ e.ter 

fro.rr! t!~-2' t ''·'•'( C1 ~1L1if . !~Fl l\ tl• IZJ.Pf~ jo. ··inc· te. Coc l1ino, and r, 

m f" ope. :"iln Jt"" 

ld-



Introdu tton 

Th l ~avajo and lio i Indian servations e in tl pictur-

e~ue canyo and me· a cou try of the 1.rth-centr 1 p· tf the 

Colorado t lateuus. The area is one of physiogr phic and environ-

mental. ontr t; th terrane co !sts of burr luvial flats and 

b cHands iu the .ain st;r~a.tu valley ~ bald-rock pl ins p tly covere 

by dune • sharp-er ~~t~c buttes and ridg 5, oron:.it1E.mt and bold cliffs, 

an forest d . lop e a d gras6 , meadow•. Surfac · water d hallow 

ground-water uppliea arc plenlilul locally in the highl ~ds but are 

deficient in oti er ptu:t of the re ervati tns. ..Nhen~ tcr bort.i..ge 

ut1lb•,in~ the deep ground- ter reservoirs. 
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..,'i.nce the early 1 ~4 1t:J. an increasing need toJ.6 dependable 

water supplie~ ·n t.."te reser-vationa h<'.W be~.n caused by an expanding 

· {'fho ae. 1963). MB a rf'sult of tlle rll"ot.H'!ht, which etarted about 

surfac~ and shallow subsurface ater supplie became less 

dependab.1.e:, J.nd many sourcef.. previou.Gly :rcJ.iahle. dried up al· 

together. The decreasing ralnfa1l necessitated the .fimllng of new 

water supplies. partlcttJ.ariy ~ro md v. at-er. 

Bureau of Indian Affairs, t.uade a seriea of hydro10gtc inve tiGations 

to help allevi.ate tbe water s.hortage in several _laces. In i 9501 the 

Oeolo~ical .3urvey ,;,n cooperation with the Bureau of lndian .Aff irs 

beg.au a cou·.prche~ive regional investigation of tha geology and ground-

water reso\lt"ces of tbe reservations. 'lbe principal obj etives were: 

(l) to cieterwine the fcuibility of developing ground-water supplies 

for toe • institutional, and industrial uses in p rticu.Jar areas ancl at 

several hundf'ed weli Hes scattered throughout the re•ervations and 

in -djolning areas owned by the NavaJo Tribe, (2) to inventory the wells 

and 3prings; (3) tc inveutiga.t~ the Jeology and ground-.water ilydrolotiy; 

and {() to pp:rai e tb.e potential. for futl.U'e water development. 



Location 

The r..;ava.jo t (.ll l F~eservation c .cupias .' rts l:·f Aw ch ", 

av jo, ncl Coconi o C .ultill;!fl in ~orL.'lea:;teJ:-u .~'rbon..a .. ·· n Junn an 

:. ci inl y Com i s in r:orthw .stcrli New ·J~exico, and 'an Juan Cc nty 

in S(_.uthe tern Ut J. (tic • 11. 

Ft·nu. e l (captif~n (in nc t • 

------- -·--------. ·----.,-
central pru:·t of the Nav~jo Ind.ian -·~servation 1!1 tU"'izcn~. The reser­

vations have ~ .. 1 ~r(:.a ot about 25, · r: J ~a.t·e I .. ileB, w lch lf.t about 

thr~e titHe the aiz of _ · .w jere ey. 

'J'"ne ter~. N vaj~ co).tntry (Gt•e ory, 1 1'/, ~ · 11) i.:: u9 J 

b!"ondl~· to inc i.ut.!e lh · I _,,. j~... and 1. opi Indian Res rv tions aud the 

a:..·ea lyin pr!nci))ally o~twee 1 th Co1orE'i o , &n Juw1, nn l I .1ttle 

Colora lo .~ivLre. The t rn: I op~ co ntr:y' i :> an inforr•.al desi ·nation 

fc.. t 1e Hopi lnillun s:L •s rvation. Tb~ dl·~ck ·board are&. c.1f the 

.!avujo country, ~v-ce.Ued b cau~ e section ar ()wned by Indian.;, 

N·md1er~ 6 &.."1d · ec.era.J. u 1d :tate (' v.-.t·ru. ents. 1;; s.l01 th~ ea ··ern 

boundary ()f u.e . T 9.\ &JO 1. <.tit1n •• ·e ·vati.on in New . exico and to the 



u--izonu • •. 1 t:'>V I~'eY..ic<.·. ::-... n.d Uta.1', sh~win~ the l6-1~1inut~. quadrangle::; 

and the Bur,::a.u ut J.ml:!.af.t _).Jfo.ir . .3' ad:r,tni!:it.t·ative di~tric'ts. 



The N~ vajo country L crosser' by omy a f( :r -~.in route':j .,-,!:' 

anJ ~" 

and G e,• ·.any n r:.a ••• near- P ge. an by U • .• t'J.dnvay tluG 

at ;:.·( i •• ington anu ··atl.p, 

pian J:J. 

• 
'· e . , ana ~-lnzt ,.., c. u ~·w.gstar!, : rh. 

During the lB:. ' .... thf'! Navajo 'T'ribe nd th. l..;rea of ndi· 1 

A.ffai 9 gan c~e con truction of a netv. or.k of all- eather highwnys. 

erv.:ati.on t ighwl!l.y 3 e.·tends f 'Ol<. v indo., \,>£!! thro tgh G -uado and 

th Hopi vilJlllues tv 'I1.1ba ('lty, '.vh ·re 1t joins ··e>"::arva ion llighw y l, 

which ia connected \\ i L ~ .... yent and !..~hiprcck. _'no.. r r cent1y cow-

ph!ted highway c:onnect.-.. c rt z, CoJoradu, with l eservation Hlgh ·ray 

l east ·of ay .nta (fig. 1 ). 
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The ~eservation..- c.re ci ,'idee: by "t!H~ l:>~t:rea4 of Indian "ufail'::; 

into Hl ad.u..iniBtr ati v di.sh"icts. D"i:Jtrictc 1 to I) aud •z to 1 c.. • n: in 

the N ~v~ljO I;ldian ~ t' ,-ervation. R.ud ·b•trict li J ~-> in the f ·•Jp! Indian r e~­

er·vatim~.. 

i '<e .1 (lt~tP..hed 1. ap~~ or Uw rtwervo.tion.s were available .l.t the 

Lee oi' tl~i.s stl..!· 1y, but l t -,nin~tte iJln.:\in ~tric ma~)to: c0 ..... ~iJerJ from 

aerir ... l photot;rafhS w~re avai1ab1.e. The e . ..~aps are nuh bercd art>i-

tr l'ily fron. 1 tc L.l, nt din:~ in the U;lper rigU co:.4 ncr of thE> r aer­

vations tmd mm cr'n¥, \'tmsecuti r(·l.J f-ro• .. : rl$nt tv left in row<'~ {fid. 1). 
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'Topographic '!.eUef 

The D.I!4jor part of th' reservations em sists of plateauiike 

feature_ between 4, uu at.d 7. 000 feet above sea Jewel. 3.lf:;int; to 

altitudes of nwre than 8, l(P) feet v.re !-iavojo J',· OLillta.in, j..Jafiance 

, atea.u. the Carri'.!m, Chuska. and Zuni !'1ouutain , and the i10). .. thern 

part of .51ac · r•.esa; at altit.1.cles of less than 3, OOv feet are th~ deep 

cc:m~'u~ts of the Colorado H.i"Jer ··- Gl·&.nd, I'.:~arbte, ana G ~t•n Canyoru ; 

the , ~u Jt. an _anyou, :.1..nc" the \.!anyor.~. of t.!'le ..... ittle Colora·~(, t-t"v r (fig. 

2). ln rten ... "'!: a.~-, the valleys ;::.! th"' i.Attle C.olor~~lo ::~i ec Chinle •,,.a.l:lh. 

--------------- -------·----~-----

----.. ------~ ----·---
a 1d Chac 1 u.mi :ian Jiian H.iv~r£ rmttf! fro~!. 4 .. voo to r:, 50) f~et in 

altiL.1ce. The hig?te...Jt ;:;oi:r;.t ()0. tLe res.er·vatior.t& is Navaj MountairJ, 

1{1,3•1-·~. feet, and the lowest is the :-.-.outh of the Little _ulora o IUver, 

about 2, 8 0 i et. 
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fi'cw topOijra~hic r.1aps werf' s:v&ili:ihle during th"' fietd inveati­

g,r tion. .~ Htt•r '-'cvelopn~.2nt£ and c-ult.u.~at !e-~tures v:e1~e J•:xa.tttd on the 

a .daJ. pl.mogr~ip!ts, and a .. titl d(~c were obt<iine._. ty ::w.tel'Oid u~ro,,,eteT . 

... ~here posal lB, tl:t'.r>e altitude;.; we,·e ht:.cked '>Jith the tiYp0gro.ph.ic 

Gcuh.·,Jc investig::'tion cunststeo pdncipa.iiy ')/ svrfar·e and 

:sub::;:J.rfac~ r,c<..l()g.ic ... ·n&t) in5, r. <-1. ,ure1:1ed and description oi .::trati~ 

grc., ... hic s ._ctious , :l.n::t 3JlJ..:.p::i~:> tif G::,~-,-.pte c ttit ga f:·o~r new Y<'e~ls. 

Tht,.\:>lc:' mdh... s ddineatl!!d the aquifer& and aided in und~. standinJ the 

j:)rim:i.pcuJy on Td:ii.s.~i • Juras. ·lc, :md Cretac~ous ro~k.s in t htl' !"<-~rt o! 

country in Arinma. ~HJSt lithologic desc.rivti.ons \ ere 

rnnd,e in the field ""'ith t: .~ .;ir' of a JO-power ltancl.tetli4. .'~awple::~ were 

take11 at the titr.e of m~a~t.rten• ·•nt f•).f' a.~alyslD of heavy-miner> con-

t .nt, she :r an~e: of grain~, ::md otter lithologic characten.atics . 
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.t.x&_IJ.iniltion f sru:.:.pl c ttings; fronl tar wells 'Was an 

integral}Jart of tl~e ? ·mm.d- vater inveJ3tigation. !in ashcd sa.·nple 

C'!ttln ·o vlh:cted at. H -fc..ot L'lterva!~ wec-e de cribed oy a geologist 

1 tng a bin calar r icr cop_, The a. "ple cutt .1!:1 and dt'i leJ.· 1 legs 

of n.Nst •\•e.t..ls are un fi e at the A.ri:r.on ft te ..... ar~d 'D~}.H\rtn.l;'nt Li:' ·­

o!·ntcry d t.h~ ~:nweur i vf !·wrthf!rn A :rizona~ f'lar;;st ·• and at the 

i ·izone. L•'ire .u of :v inea , ep'-.. ,;itory. Tucson. 

Hydro.\o ;;tc f:i.~JtJ.vorh. eon.si.~ted p ·h cipruly [}f an inv ·1 to y 

anct t~et.:: of weo.ds and apdngs . Pres··1u·" tesis w 2:re made of t:r•o~;t 

flowin wel1B. p rdcvJ rly th se in the San Juan oasin. Cores of 

the n.nin water-b aria:; r-oc:. s were analyzed tn tl e hydrc,loll,iC lab­

oratory oft, Ceclo..,,icaJ ~·llrvey, nenve:r 1 Coh.~., to detcrmin• their 

p · t•mealnHty, porosity, c:6pB "iij('; retention, and peciftc yield . A 

wirle~pt'ead n t ork of ob er\-ation wells wna maintained for a fe 

year.-j to ascertain po'"sible lo.a, -teriJJ !luctuati ' B o the water tab e. 

In. ~e of concentrated purnpin-:, wat ·. -- cvcl rrl a~ure1nento in 

t,;el cted ;ell re cont1n our;. 



t. fie d invento:-y compl ted in 1956 de cribt: d ·~, 3 ground­

water sup~·iieo consi.B ing tJi' 846 d il d wel ~. 5 7 du~ ~·dis, ru1d 

.!.eve.i in nea.rl_y !'11 v. .lls MUd the yi ld~ (Jf 

aelected '·el md ;;;~ r.u•.;s wet· ... • na..ty:r. r l y t! e r;cv>l(J ic 1 -.;/ tr ·~y. 

wer~ c.f 

~re tec;pr> b.Y ba.ilL,:: o 

dr· •:::L v . 

11·. r -t-ru puup ·ng to u(·tc! he .tieh:l • n 
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1 re··wt£> lnv tJti ,ati.(Jl • 

...vi n th 1 cs n.nd 

"<>.d •Y rot~ · 1900 

a·HA \, · r,, ~ crib,d y .c r de. (1 i:J JG), ha. er ( 907), ... 1 Gr:~ran r 

.liW) .. 

jv c tmtl· was. ( !Jt-

w n rtde llyw·c·l, f.(c· ·ec t at~:>s::1n -·~ . J\J ny tr tigr phic units tbt.a 

(~regory dE>ncribeu ori •in !lj" ·u· nccepted u~ tat d •• rd. 
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~'her rcp~)rts th t t ave '.:ont ·'b 1.t u stanti lJy to t~1e 

geologic Y. .. nowled~1.: f the resei.·•ratir:m · e . by D ton (19!0,. H·ood­

ruft U912). r.ninson (l ... .!..H. H.eeoh e (1 ~2-4), tiser (192•i: 1925), 

Gr ,go ·y rur. ~ tOOle ( i131 • 1 ak~ .. • {lfi3U), 1~ gory (193$). • 

.u:nt, 1d H·ndri ';:.s {J.S.-11), AiUiam· (1 '36,, \1len aud Ba 1, (1954), 

L\.elley (193~'"), 0 1 ul.H ;.;, (19. 5), c.na "'t ·o r~ll (1956}. 

As a. re~ ult ui the pr""seut .:>tudy,. _ 7 p per. r-\! : ubliahcd.. 
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1 itlh ~~ . . au., . 
~. 

lte•;eus, h. •· • • llitco 

• .: i ~ ., I 

on, 1 . , .. , c. ' ' 

., • 'th. • 1 _!don, , . I . c. nf.-d 'l•, J. F . .A-nee, 

w.ard, J. ( .:ee 1 , u. 1.d R. . • 1c , .. e. v . 
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1 ·• unif.:. wbo 

J. I r, ;·ihc; : .. tc:r I in .l;;:y, 



T to {:ollec i 11 of nyaro1 ic a a ;,.-:.. ,. re tJ.y facilitate~;; by 

th oc '"I'·· tior .uiv .u. by ro~.mel cf r s.ny _·eh. 

t~·a.t •. post , and l'tlL..Y!~.-i L.~ stati · 1S of the , .• 1 ~ turu Ga 

Valt..: bte an 1st n L)' n,any Wt t r- ~e Q • n~J. t t f 

who.. ha. "' •. :Nl 

1 94G. r.) cia.: Uum · ar .. c' y r Lr~llin ":o., ' t. 

,J ol1 ·i...,, the •erry Br , . D ilE-. '-O, , ·star.. '.l"iz. · th 

. ~ :l rs Dr .. i m; co. , 1-.oJ.br.oo'~ . :ri • and ( . - \OIJL srm, l'u<'& • • 

in sc... 'a.r t:: an an. a, it · a_ · n fH"r tiv _ tc r:: nf r with vt\ e1· 

r • ordn{ . l'l tll·. re ""h .• for . 
C1 ~~' J. H. tc a ·t, G. y ''1' 

' . ~ . .. lLl.\ a~ .s J. n. 

·Ar ..... 'b- .11, . Jr .. J. B . r .. . . JJ. · . r. ~u 

1.. re~w • ai of i',_ G ~·.ogle 1 . r• l:_,, n1, contr ' .;ted 

1' t.ce . 

p rat(;.·a ·at ry ft.:r v1c t•1 y of 

oft 1! i. av~J a ...... H" i l.ndinn '{ a I'lfations · d . ho 1.a. e d 

in erpr ted la c:ato.ry aalys ..... 

ful y ckn lE: ,.e th su .. a:~ ami h rp ivcm 

b Al' .• ·o il~vn ,d · C. , t .. ,~.aa of 

tne J ·e r" tion f t 1e d drair · 



_!!_cripti · rnentary Fe tures 

·rhe rock ty , color, particle size. row:: ding~ sorting. eon> 

position, ccesaory minerals, and cenJ ntatior are ecord d in ell 

lltl. lo.,.i:.:.. d scriptions of the cdimente.ry roc.As. Grain eizes -:Jf 

detrital rock,.; ar d scribe".! ,,un r ly in accordance th tl clasuifi-

c :Uon preaeated by Vv _ntwortb (1926). Tn his c, aiflc5tio 1. detrital 

rockw are listed i.n order of in re ing coarseuetts as claystone, 

siltstone, andsti:lntt, granule conglo n r t , and pebble eonglo 4Jrate. 

These type grade into one au t.her, and moc.1if., in erml!'.l can be us d, 

y iltstone ot or · silty sand t.ono. ~ -~ddi.tionally, the 

ter.m "mudartone ' is u ed to de ign ie a rocK co aining nearly eque.l 
' 

Pl"OI.JOrtions of sUt and clay. The color d igntation det rmined 

fronj the rock-colo chart diatribut d by the a.Uonal cal'ch Co ell 

(f'~dud. 19 bt and the deter in tion of grain iz•. roundne • .. and 

gree of sorting was made by visual comparison with charts prepared 

y Payne U 942). Particle size h1 order o inc.r a.oing grain ize in-

cobb , and boulder, aceor n to the Wen or-th grade se e Ct bl 1). 

l'be ains are olasrufi d s ell . .-ound • rounded. ubrounded,. b-

gul , or Glli"ttlar . The orttn is indieat d as w ll a rt d, fair 

ort .d. d poorly sort d d# in g neral, re tricted to sanditone. 
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Table 1. --Wentworth's size classification for detrital rocks 

Grade limits 
(diameters) 

Above 256 mm ..... . .. . ... .. ........ . ... . 

256-64 mm ........ . . . ......... . ... . .... . 

64-4 mm .. . . .. ........ .. ...... . , . ...... . 

4-2 mm .. .. , . ........ . , ......... , ...... . 

2-1 mm . .... ... ... ..... . . . . . ........... . 

1-112 mm .. .................. , .. .. . .... . 

1 I 2-1 I 4 mrn . • ..... .• .... . 0 • • • • •• •• ••••• • 

1 I 4-1 I 8 mm . . ...... . .. . .... . ... , . ...... . 

1 I 8-1/16 rnm . . . .. . .. . .. . . 0 • • •• ••• • •••••• 

1/16-1/256 mm . . . . .. . . , . . ... . ...... . . . . . 

Below 1/256 mm . . .... .. ... . ........... . . 

-3 9-

Name 

Boulder 

Cobble 

Pebble 

Granule 

Very coarse sand 

Coarse sand 

Medium sand 

Fine sand 

Very fine sand 

Silt 

Clay 



Materi is ell aorted if more than SO perc nt of th graina is in two 

djaeent p rticl -siz rang & (Payne~ 1942), or fair sorted if rr.o.re 

than go percent or th grains fall8 into three or four adj •ent r gea. 

Cuartz wains ar the main eon titu.ents ot the !ledi:r.;ent ·, d they 

~ deacd ed M clear, staii d, frosted, or amber. ~eadily i.dentt-

liable cce sory n.dnerals are pyrite, gypsum, c 'cite, 1d mica. 

b re the ~ ce aery .n;inerala not easily i ntii!.abl , their color 
. 

pr ·tence and other. eadtly dl tinguished characterhrtics ar de-

a ·rihe . The clastic ro ewell, ff mly, nd we&.kly cc 

and. wher~ r cogn.iubl • the cotupcsition of the ce ent is note,·. ~ 

noncal<:areou • w aldy c rr..ented •edlment ls con. id red to h :v an 

"argUl c~ u.s' ' cer.J nt. 
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The scription of th bedding and splittin£! properties in 

n..,-o t r..h.apter of th.i.S report closely toll s t e b dd!ng escriptlon 

of e v and Weir (1953), as wodifted by U:ar&hb er, Repenning, 

d Irwin (195 7). with the exception that thinly 1 l" inated and 

l..aroin . ted beddin n, y be ref~rred to aa "Tery thin bedded (1. hlc 2). 

CrQSabecding or eross straWie tion is divided into thr e 

type -si.J.Lple. planar, and trough-b ed on the e:....ot 1~ru11 fe:1tureu 

a uni cli pl ;ying ~!mil ly oriented er~~bed ' , as described by 

l!arehbar er and ct!~era (195 7. p. 5a) as follows: 11'fh~ simple type 

shows. no pp rent signa or erosion along the bounding urface.;; or the 

individual g oup.e o1' <.:rossbcda. The planar type 18 marked hy fiat 

surfaces of era ion bouuding the ~l"'oup. Tl e tro tgh type i mar.t>.ed 

by curved surfaces of erosion bounding tb.e group. F'estoon cross· 

bed.di.n,. would be a specia.li~ation within the trough type. as ita low~h~ 

hound~ry ill obviously curve surface or erosion. ·what ofien h 

- en ref rr d to as t<.·rrential crossbedding ordin ril.y £zalle into the 

planat" type. Miner deseri tivc terms uef:d to nlodify the three major 

types · re tabular (p l;:tll~l planar surfaces), wedge (converging planar 

surf ces), and lentfcula.r (converging curved urf ces). 11 1-,u-. oro -

beda, as sho ninth following tabulation. arC'!' classitted as to shape. 

angle of dip., et~e, and thiclmess. 
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e -
Table 2. - .. Classification of bedding and splitting properties of 

layered rocks 

[_Arter Harshbarger and others (1957) J 

Bedding Splitting property Thickness 

Very thick . . . . . . . . Massive . . . . .. ... . .. .. . , . More than 120 em (4ft) 

Thick . . . . . . . . . . . . Blocky .......... , . . , . . ... 60-120 em (2 ft-4 ft) 

Thin . . . . . . . . . . . . . Slabby . . .. , . . ... , ... ... .. 6-60 em (2 in-2ft) 

Very thin . . . . . . . . . Flaggy ..... . ............ 1-5 em (1 I 2 in-2 in) 

haly (mudstone) .. .... .. . 2 mm-1 em 

Laminated . . . . . . . . . laty (limestone and 
sandstone) . . ... ...... . . 2 mm -1 em 

Thinly laminated . . . Fissile .... , . . ... .... .... Less than 2 mm (paper 
thin) 

- 42-



-- Shape • • . . • • . • • • • • • • . • . • . . • . . con.ce:ve or c011vex 
(upward) 

JUlgl~ ot: dip 

High •. · • • • . • • . . • . . • • • . • . . more th-an. 2 ' 

.f\o'l'ediurn • • • • • • • • • • • • • • • • • to• to 200 

I..ow . . • • . • • • . • • . . • • • • • • . le~s than. 1 o~ 

Siz · or seale 

'f_, ge •.• • ••.••...•...•• or h 20 feet 

I ,edium • . . • • • • • • . • • • . • . • 1 to 20 fe(.-t 

Small . . . • . • . . . . . . . . . . . • • 1 s·~ than 1 foot 

Thic ne!ls . • . . . • . • . . . . . . . . . . . aarae as classification for 
bedding 

Pseudocrossbe<l ing. formed hy a rogres.siv-e dvat:lce of 

ripple upon each other, is comtrJOU in silty fine-grat.ned aand tone And 

ailtston beds. Cot.tu'tionJ.y, the lJ ~r part o. th rippl~ .mark has be 

ro oved and only the ower part pre erved. \ ~ll·formed rippl~ 

marh~ a1~ not eommo within a. p~eudocrosa dde-0. urut, although they 

~ occur t the top o the unit. 
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-- The o r fea.tw'C$ of tl e edir , tary roek.e rel te to 

tl ring and topvgr hie e .r scion, aucb as sLopes, ledg s. cliff~. 

and the size of ble><:ks and partielea produced hy wo tbering. F'cr the 

a oat part, the te1·rns are elf·expl n-atory. Platy weathering (>"en rally 

is sociat d with very thin hedd d units and flaggy we .therina with 

thin- to thick-bedded sedin .. ents, es ci .Uy those consist g of alhtrnat­

ing s doion tnd iiltatC:m 1 rs. Hoodoo ath ring pertains t<> 

round d, irregUlar, or pill· Uk forn s~ whlch often h ve bee de-

sc:dbed r·rock babi a.~· 

Oe gy and qccu.rrence of OroWld ¥ater 

P actic ly l the ground water in the rese tions occurs iu 

sed.imentary rocks t at overH relatively l.r-.upern e ble granitic: and 

n~et .oorphic b e1nent rocMJ. '.rh. w ter-ooarin s dime.uta:ry roc· s 

consi t of s-.n stonea eonglor~erate. and lime.,.tone. Those that do 

not ar ter co ist of mu ton , eUtstone. an~ ilty sand tone. 

Tl1C thickness, lltholo y, and w te.r -bcaring cbara.c •istie8 of the 

edin e:a:tary roeks are u.m.tnarizc-d in table J. 
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Ta.bl~ 3. --Brief descriptions of the water- b ar!ng characteristics 

<f sedimentary rocks in the Navajo and Hopi Indian Reservations • 

. \rb~ona. New .t:.1exico. and Utah 

('fABLE 3 IS n~ ENVELOPE 1 OF ILLUSTRATIONS.) 
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e - Most of the rocks of the Navajo country contain some water, 

but only a few formations yield water readily to wells. The major 

water-yielding unitiJ are the Navajo and Coconino Sandstones. which 

form multiple aquiter syotems with the adjacent strata. and the al­

luvium, which receives considerable water as discharge from the sed­

imentary rocks. Minor water-yielding unit!3, in ascending stratigraphic 

order, are the Sllinarump Member of the Chinle Formation, Lukachukai 

Member of the Wingate Sandstone, .entrada Sandstone, Cow Springs 

Sandstone, 11/forrison Formation, Dakota Sandstone, Torcva Form:l­

tion, Gallnp Sandstone, Crevasse Canyon Fo.rrr,aUon, Point Lookout 

Sandstone. encfee Formation, Cliff House Sandlll!tone, Chuska Sand-

stone, t.tnd volcanic rocks. C ther units that yield water in adjoining 

regi.ons b t.t only small aH1o•.mtR en the reservations are the Supai •·or­

r.uation, Sonsela :·andstone Bed of U1e Chinle FornJation, Ojo i\lamo 

~andstone, and the Bidahochi Forn~ation. 
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The rocks f the basl.!me t co!'J.~plex in the davajo country are 

f P ecEL.-nbrian • g · and al"'e g . .nerally t een 2. 000 and 7. 000 feet 

low the land ur ce. T.hey ar exnooed within the co liin .s of the 

r s~rv· tiona in oruy hr u.all are on e Defi c f"'lnt.eau (fig. 3). 

(caption on ext page) belongs nf!ar her~. 

Other exposure of aeet:H~nt rocks ~ear ~.t.a reaprvationa e in the 

Grand Cmyon and Zuni I\: ountains. 

Tb.e baaement CO!npl~x in the Gl .. and Canyon is divi ed w.tor ally 

into the older nd you r Preeanlbria.n roc:.ks. The older Precambrit-1!1 

rock& consist c..hLfi;y ot n is and diff cnt amounts of sch at. gr nite. 

plit • and ign ous roc s of m le co::upo: !tion. Many of tl1e meta .. 

• o phic ocl'B in t e and Can o a.r ..;ign d to th rt bnu , hist 

( obl , 1 14. p. 32 .. 36). 'Th" Vishnu ~chist, ed on ro ager de p-

well d ta, pparently 1$ not distributed e.xtensiv ly to the ~a.st in the 

N avajc country. 
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.gurt. S. - - Ge loaic in of the ~ v jo and Hopi indian Re erv ions .. 

d Utah. 



The Grand Canyon Series of younger Prt!carnbrian age over­

liei:ll the Vislmu .:x~hist unconformably, is nearly 12, 000 feet thick, and 

eonaists of sandstone, sho.le, and limestonE;. The yo mge:r Free blbrtan 

rocks aJ:>e W"'akly metamo!"phosed and were involved in larg -scale 

normal faulting hefore Early Cambrian time. The Grand Canyon 3eries 

may have be~n deposited over much of the western Navajo country and 

.. vas removed by erosion during late Precarnb~ ian nd eady Pale zoic 

time. 

Basement rocl~s presumably of Pr-ccan•br\an age arc e • .:posed 

on t} e Defiance Pl< teau in two small canyons r.ear Hunters ·'oint U!" d 

in Bonito Can ron (fig. 3). The exposure::; near Hunterg Point consist 

or ~T!:mite, qua.l~tzite, schi.:t, silicified linwstune, grcenaione, and a 

low-grade phJlHte (J. P . ... et·s and P . .i . .->tevens , wdttP.n com~rjuni­

cation, 19o[.l; Lance. 1958. p. 69-70). Th~?.se rock underlie t.he Surai 

Formation unconformably, but bcca.use the outcrops are small and 

wolated. their stratigraphic relation"' arc not app<trcnt. The qu&.r :die 

exposed in Bonito Canyon is highly fract rer_, contains pebbles of 

quartzite 'lnd p}Wllite. and displays aome crossbedding. 
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e · Althou ~h t 1e basement rocks a.!."c fractured nnrl Jr.ay yield 

t:eome ;,at~r loc· lly, the;~e rocks a.s a whole form th~ bMal confining 

layer to the h drolo,;ic sy~ tems in the ove ~l:•ing sedirnentary rocks . 

. _mall amotmt3 of w ate issue fro n seeps and small spr1ngs in fractured 

and weathered pa!'t- of the Vishnu ..:ic ist in the v'' nd ,anyon (Metzger, 

H}81, p . 114, 124). nd vater moving along fractur~s in tbe quart ... He 

of Bonito Canycn may discharge into he aJluviu,n alon<Y -3o ito Cre :k 

weBt of .L-ort DeJ.iat ce. 

· dirr.entary Roc.>s 

The outcropping sedi!!1:..ntary 1·oc.ks i 1 the reserv·ations ra.ngn 

in age from Early ""~amb.t'ian to late Terti ry. Rocko of Permian and 

younger age are .xpo · d in a.bout &3 percent of the ar~a. T_ e aggregat~ 

thickness of the sedin entary rocks ranges from 1, 1 -~o fe t on the 

Defiance Plateau to more than 10.000 feet in the · n Juan basin. fhe 

edimentary rocks nre overlair. by thin, discontinuous n1antles of 

:ealdy consolidated clune sand, alluvium. terraee deposhs, and 

1 ndsllde rubble. 
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'l'1Mt s.edimelltrtry· rocka consist, in order of ecreaaing 

al>un a.;,.ce. of udstone, siltstone, eandsto , silty 1iru1<1 tone, lime· 

ston • eontlo--rt rate, c-oal, and fCfi aun•. Mu.dst ne and siltstone units 

ar-e distributed tbt-Q l1<rut til eologtc column an of l'rtarin~. 

fluvial, an.d lacua;t.r1ne orit;in. The andston an wost silty a.ndstor11 

units o~~posed {)f wry fine to- medium-n-ain d s and epre eut 

l'uvi-.1, e.olian, and near- ho marine nvlronfl..enta. Swne of the 

s d ton units of fluvial ·rf n contain len of conglo.u era e or 

sonett of p · bbly mat ri. · . Lhnestone is rel tlvely un.co moo in the 

t.l!'ea, but it w deposita iu •,arin and lacustrine nviron.c.1 nta. 

Dolomite was rat· ly de oeite and. wher fotJ <1, La u ually with lime­

atone. .:in all dep it$ ol gypsum, as be • nodule~!-. or selenite pl tea, 

may occur 1n wueh of the ~tratigr 'lie section. hnpure coaly eed1-

men depoait d long the .marglns of Inarin tiea& ar conurlon th.ro gh­

out the Cr taee us rock . Relatively PtU" c a1 b ds. some of wllch 

have been mine l 1ntermitt~ntly for s-everal decades, oecw:· in only a 

fe format! n.s. 



l~ §tonal ¢ontrol i.rnentation 

dlmentation was infl\U:l'lced by h"o .t• ajor geo~yn.cl • The 

Cordiller geosyn~line tot 1& w t f the Na:vajo country lasted th.rouglt­

out all the .flal ozoiC ;ra and part of 'rd sic tUnc (fig. 4). 1~ Roclry 

igure 4 (ca tlon on next page) belongs near h~re. 

~ c mta.i geo~yncline to thf.t north and nortl1e , t during Jur ~ic 

and Crctac o time. egional upwarpin and oroge~y at the en of 

the ~ · eso2:oic l'::r destroyed t; • hocky J< • • ountain geosyncline 1d forrr d 

h<"\$int~~. which were cent~rs of deposition d 1r .. ne :o.uch of Cenozoic tim • 
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e · 

the outhwest rn United &tea, ~bowing J'egional 

truetural f tures th t Wlu need sedi4z1entatiou 1 the ~Av o nd 

fiop1lndi ser rations . 



Durul£ I>aJ.eozOic tOne, th~ Navajo eoUl\trl' was of a 

t"(lt r table s:h lf rep n .. whicl ext nrl d e d from tluf Cordiller 

g~ cline. Reg!onfll structural warping eaus.ed re ated advance and 

withdraw . of the s a across tbe shell. where~ in gene1•al, deposita 

are thinner than thoae to e w st in the CO.Pdill ran gecsyne~ (McF.. e~ 

1951, p. 4:86). During tie late F.U.ozoie and tor part of Trb.ssic time,. 

B eral highlands were ele .,.ated and were a a.O\U"ee for u:nzeh of the 

sediment deposited in tbe Navajo country. r.l'he Uncompahgre Highlands 

ere ele ted to the northeast (Burbank~ 1933, p. 841 ... 652) and con-

tribut d n)uch mater! 1 to th lat~ Pal~ozoie and Triassic ro~k$. The 

... ogollon IDgbland$ w re formGd ir1 £a.rly Tr! sic time (Cooley, M. E •• 

e 1957, Geology of the Chinl F9rtoation in th uppar Little C.,l01·a.do Riwr 

drrunag~ area. A.ria{)lta and ~ew Mexico~ Untv. Arbloua, Tucson, ur;.~ 

publbihed maste.~.~' thesia) and WE'.r &ourc for mu~Zh .ol th M¢so:r. ie 

deposition Oiarsbharger, Rl)~ml.i.ng~ and IrW-in, 1957, p. 4) . 
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Du-ring Late TriAssic and Early Juras ic time-, major l.'"egional 

change occurred in the southwestern Unit d States. l'he 

area oecupLd by the Cordilleran geosyncline wa elevated and a new 

structw. .... al trough, tb..e Roe ·y iv!ounbin geoayncline. w formed ln 

central North t\.merica (fig. 4). The area of the Uncor.cpah;-re r1ighM 

lands northeflst of the Navajo country waa. generally low~ and the 

... ~ogolion Highlands to the south conh.nued to fttC'lrlsh s~dit:uent to for-

mations deposited in tl e 'ocky Nlour·tain geosyncline. s re ... ult, 

Jurassic and Cretaceous sediments are coarse nearer the Pl•:o,ollon 

Highlands but thicken and are finer grained northeastward toward the 

Roc.t<y M ountat.n geosyndL1e. 

Near the end ,,f Mesozoie time another disturbance. aomfttimes 

calJeo the Laran•iJe orogeny. wlJch latited f.t1 0!.::1 Late Cret ceous to ear 1y 

Tertiary till'~e. caused tbe final withdrawal of marine waters ar.d the 

fo,~mation of .11tructurd b in2 of the Color4ldo Pl~teaua and nearby 

regions. The thickest accu~mi ations of rer-Uary s dlwents were in 

the San Juan and Utntu basins. Mcu'!t of these ediruents were renloved 

largely by late Cenozoic er<Jslon. Regional upwa.rping 1n late T~rtiary 

time 'resulted in the outltnfnrr of thei Colorado Plateaus and nearby 

mountai.ns and the development of the Colorado Hiver system. 



-· Pal vzoie rocks 

The basal Pa.ieozo c roc.k.s, J:.arq and lvtiddle Cru:ubdEt.n in 

age~ nre. iu a ·ceuding order. thf' Tapeats Sandstcn e~ Bright Angel 

Shale, and-~ \..!av Limestone (table a). I'he e units record the oaclieat 

marine inv io of the Na.v .. jo CO\D:>.try from the Cordillet·an g. syncline 

during Paleozoic tim . Dise(luformably above th · ·e roeJtS are rem• 

nants of the Devnuian 'Te.mple Butte Limestone, ·which are ·sandwiched' 

loeally between the uo.v Lim l!iton and th¢ H.-edwall Lin1e tone of 

1issis ippian o. ·· • Tb:e =~edw 11 is u.ore than 500 feet thic ~ in the 

Grand Cany< n and i the thickest llu,estone unit in the Navajo country. 

Thc•e older Paleozoic t'ocke are expos.,d near the Colorado iver and 

are in the subsur·face ln all )Ut the southeastern part oft.;. re ervations 

( ee. 1951. pl. l). Roc s of L-rdovici d Si.iuri n age are n~!asil1g, 

and it is doubtful that any ·ere deposited. Beeause the older Palc:ozoic 

rocl-t.S e bUl'ie to depths of more than 1. 500 feet, they are not utilized 

aCIUifers. A fe l'if'dugs iss,ue from these rocks in canyons of th~ 

Color td I..itUe Colorad<:• Rivers. Biu • Spring~ the ar est s rln 

1n north rn Arbon. • discharge from the Redwall Llrtlestone in th 

c~on of the I ittle Color do River. 



e -. aleozo1e rock. of Pennsylvanian and Permian a e 

re uncontorn>.ably on the Redw.all Lime tone and O-lder rock thro h-

out the southern part of tb Colora o Plateaus (fig. 3 and table 3). 1n 

the • avajo country t y ran in thickness from 1, OQO to nearly~. OOt> 

fe t. The forr11atio of Pennsylvanian ge-the Hermoaa and ico 

.f~ormationa in the north and the 1 eo ormation and the lower- part 

of the upai Formatiou in the outh-rcpre.,ent variO"I.lS cCJmbinations 

of contin ntal and marine deposition J environnlents a.nd consi "t of 

shale~ lim l!Jtone, and s ndstone. 

Ro-cks of Penn ylvanian age gr upward and intertongue with 

a red-bed equence~ chiefly of Permian age~ th t is of continental, 

near-sho:re, and shallo ·water marine origin. This sequence include 

the up r piU'ts of the ~ ai, C ttl r, nd Yeso » ·rmations. Giant 

,. 
wed.g a and lenticular .tnasileS f eolian crossbeddor,.;d sandstone are in-

\ 

tercalat d within the red bedq. Th principal eolian rocks are the 

Coconino Sa.tl sto e and parts of til< Glorieta and De Chelly Sandstones. 

The youngest - ermia.n rocks record the last Paleozoic marine 

tr t.-re ion in th~ No. r Jo country. The n _indres Lime tone wa.s 

depo ited in the soutb.~astern pa..-t of the Navajo coliD.try anti the Eaibab 

Lin: ·ton.e and Toro .ap ormation in the weBtern part. Facies change 

in th Kaibah an Toroweap are thought by Mcl\ee (1938) to 1'."6 indtcathre 

ot ~ulttpl trans ionat and l."egrea ions or the e 9. 
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-- The Coeonino Sandstone and its lateral equivalents, the De 

Chelly and Gloriet Sandstones, are the chief PaleozoiC wo.ter•bearing 

units in the southern part of the Colorado Plateaus. These units are 

interconnected hydraulically and, with the Supai Formation and Kaibab 

Limestone. form the C :multiple aquiler syst€m. The hydrologic 

characteristics of the system seem to be cont.colled regionally by 

lithologic char-aet~ristics and bedding (iig. 5) and locally by fractur~s 

---------
Figure 5 (caption on ncx1: page) belongs near her<.!. 

--~------------·--------------- . 
--------------

and JOints. 
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!rtgure 5. -·Generalized thickness .d3.!' and sections of the C nwttiple 

aquifer system. ohowing variation in the rcgionai hyd c.lo ic 

c 1aract ·d tlc • 
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-- Moenkopi and Chinle F~rmations 

The 1o .nkopl and Chinle Ol"'mations in the Navajo country 

uncontorm bly overlie the =>errutan rocks and arc a mudstone and 

silt:::t .1c sequence that erodes into spectacular L1ulticolorcd badlands 

anrl ' 'painted deeei:t .. '' in many parL 9f the Colorudo lateaus. These 

rocks· are between 1. 100 and 1, 600 feet thick and form t 1e tpper co ·· 

fining layer of the C multiple aquiier y!!tem. The Moen~opi Forma-

t. on was dq:.osited du.;:•ing the 1 t. eastwa:t d tra.nsgre~sion of the ea 

from the Cordilleran geoa:'tncline. After :1 period of widespread 

erosion. the Chinle •'or _n;atiGn WA.S deuosit.ed by streams originating 

in the Mogollon .;md Uncompahere Highlands. The se(.irnents of both 

fo. tiona re slightly coarser in the southea tern part of the Navajo 

country. where several d"Jin per~t·~tent beds of sandsto e and con• 

g1o jerate yield sn .. aJ.l an ounts of water to ellB . ., 
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e -
Glen Ca&on Group of 'lria.saic ~~~nd Jurassic !I! 

' 

The Glen Canyon Group. a tJequence of oraage-red and gr8yi:rh-

red ec.ndston and siltat ~ e hecla, 1n.cludes. in ~aScending oro r. the 

· av jo ~andstone. The basal Hcek Foir:.t l\Ltm:1ber of the \7iD.iate geu-

erally is conformabl with the topmost n'! r.~bers of the tmderlyitlil 

to be disconforl able \Vith the Cl inle (Harshbarger and othur .. 1957. 

p. 5-7). fhe Glen Canyon Group decr~as s i.."l thicKness froth 2. 30Q 

feet near the C 'lorado • iver to 1~!38 th n .oo feet in the L.w·.d ounta1D.3, 

d no tmit of the group is present in nli t·a~·ts cf the r~serv tiona. The 

,'/ingate ::>f'.n<l. .. tone wedges out in the norU1\'.,.e~tern part. a.n.d the ether 

formations wedge out to th eouL'1east (fi • 3}. 

The Navajo ...>andstone and tne L..tH achukai :. j nber o! the 

\~ ingate . andstone are ev~n-gr ined aanci tone units dis laying large-

scale cro03sbads, and both )rob.nbly ·.ver<'!l deposited by wind. In con-

tr~st. the other mits d th : G.len Conycm Jrt;up l?.re com,posed of Ht· 

innc!B tmerruly east of th l'ftl:iervutions. lntertonguil:~g is }H"01I ineu 

between ali. the units o! thf> group. 
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The sand.Gton.e aquif<»rs of the Glen Canyon Group are utilized 

.x:terud'Vl'!ly in the northern a..'1.d \rr;E;tern parts of he re er rations. 

The yi ~lds .are dcpcndabl , although genl!rally small, and th water is 

of good che l oica1 qual'ty, The Navajo '" ndstone is tL.c chief aqui!e •. 

In the north-cen:ral pat·t of the reuet·vatione t..he Navajo combines 

h}"llraulicall~ with i.he L>nn iy facies of the Kayenta FornJa. ion and with 

the Lul--..achukai ~ JCmber t>f the \dug;.. e • '-;;nd~ tone to !orrn the r. .. Hiplo 

aquifer sya1.ClJL In th(• ;est rn part of :he re.s~rvatior..s the Bilty facies 

of the Kayenta aet.s -:<.13 ~ con.fir..inc bed and separates the ground water 

in the "'-avajo J .. ndatox e rem ihat in th~ Lukachukai 1\Ie..-nber c.f tl"t 

V7ingate. 

Upper Jura!lsic I"Ocks consist of. andstone, silty .oandBtone, 

and siltstone tt."'litr..> tha ar • divided into the SAn Rafael Group, ~\ .... Orrison 

Forma.tion. and Co-, ... rings 3n..l"ldstone. The ~ r ck~• thin s Pthward 

f on. 1. 500 fe t near the '"'an Jua..'l 1. 'iver to about 300 feet in the south­

western part of the reservations . 
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e · The San Rafael Group was deposited seaward and land\vard o£ 

the Late Jurassic shoreline, which advanced into tile Navajo country 

from the north. At its maximum transgression, as indicated by the 

dis ribution of the Todilto Lin~estone, an arn1 of the L.ate Jurassic 

se c>--1:cnded into northenstern Nt!w Hexico. The l\ .. orrison l"ormation 

was depositec:I by streams during the withdraw.ll of the Late Jurassic 

sea from the southern part of the C lorado Plateaus. The Cow oprings 

Sandstone and its lat ral correlative, th~ Bluff Sruldston , were de­

posited by the wind in the southwestern and northeastern partG of t}'le 

reservations,. respectively. These sandstone units intertongue ith 

most format ions of the San Ra.i cl Group and with the I•1orr1. .on For­

mation. 
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Water in the Upper ,Jurassic rocks occurs chiefly in the sand-
.. 
atone tmits of eolian and fluvial origin. These unite ar.'~ the ;--ntrada. 

Cow Springs, and Blult' Sandstones. and sandstone beds in the 1\'1orrison 

Formation. The other wits of the Upper Jurassic rocks do not yield 

water to wells and. generally a. • the confining beds betwf'cn the aqui­

fe,·s. '] he ~(lw .:)prings ::>andstone. ·i\!;orr·ison sandstone, and overlying 

Da.~tota. f--andstone are connected hydraulkally at their contact and form 

the D multiple aquifer system (flJ. 6). Large-scale intertonguing 

Fieure 5 (caption on ne;.t page) bewngs near here. 

---·------- -------·----·-· 
between the Cow Jpcings Se;>rldstom:: and the A orrison Forr.tJe.tion {fig. 6) 

~1reatly er:.h.ance. th1~ probability of obtaining sHffident yields f'rom deep 

wells in th~ee formationG iri r.~any po.rts of the reservations. 
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Figure 6. --3u·atigrnpbtc section showing occurrence of grcmnd water 

ia the Cr!ltaceoun and Jurassic rocks and the D multiple aquifer 

sy ·te .. tl'i. 
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e - Cretacemw rock.c:: 

R.oc!ts of Cretaceous a~e crop out Oil Dlac. 1\~esa and in the 

.:inn Juan ba:Jin (fi."' . 3 nd table 3). C.-ctaceous ro~kS are about l. ·)00 

fcv;t thic.- or1 I"ilack esa and more thun fr. 000 feet thi.d~ in the San Juan. 

baBin. Hocks of j ate Cretaceous age make up the bulk of the C:r.·~ ta<- ~ons 

rock3, L.:arly Cretacem. s deposit'0n L;, rt:prea~nted only by the Bnl"r) 

Canym Forn~ation in the li'ou:r Ccrners a;:ea, and else~vL~re by th·. 

Dak~ ;:;andstonc of ECo1.rly and Late Cret~C(.~ous age. 

1:1e Dakota :~.-;.ndtJton • \va.s la.id down alontr the edge of a trans· 

gressive seQ, whi ""!! w;,.s the la:3t l1Jc.jor t: ri.ne i •.mdation of the area . 

Tho ~1)3ximur •. (-:: en~ of thiL ,,ea -w1:1s --:uring the d position of the lovr'-'r 

part of Lbe :r..~ ancos Shale. 1<1 om that tine om·.rard , th"' Cretaceous sea. 

wit.'1 intermittent Guctuation. gradua.lly receded. Deposition within and 

adjacent to se·'w:ays rC"sulted in coj.:nplex intertonl:>utng between th~ 1\lancos 

Shl: ... le and thE" continental and near -Gl o:·e dercsite of the Mesaverde C'roup . 

..:>s.na .. ..tone vas deposited along the advancing aud retreatu1g .shorelinE'S; 

mudCJtone and siltstone wer,. deposited in the marinlil waters; and sand-

atom~, siltstone, and c~rbonaceous L;ate.cial. i, "'lucing son e co~. were 

deposited shor. a:-d of t.he coastal ~lxea3 ( 'i:~. '7). 

Fitture 7 (caption on n-::!xi. page) belcnt;s neal' he .a.·:... 

------·----·---
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:F'i~ure 7. --;::synoptic ~ccth:n of th ~e~tern ·~'an Juan basin, showing 

the intertonsuing of t,.P- Upper CretacerJL.W roc!\~ anJ tbeir water­

bear1n.J; c...'lar~ctcrislics. 



-- The youngettt strata of Cre-ta.ceou,s Qge are ~xposed onJy in 

tbe ncrthe:nl part of the San Juan basin and ~~ere deposited during the 

final withdr.:n-val of th.e soa. The Cliff Rouse ;sandstone. the youngest 

fo•·mation of tl !\F.esaverde Grouv, L'1tertongu s with the lVlancos 

Sh3le belcw 1d the Lewis Shale !lbt)ve. The Ui:wifd Qha.lc- ia betw~en 

·the Cliff Hou e and · ktured -~lifts anu~tones north oi the Chtico River. 

Southweritwru.~d thinninf.~ and wedging out f,Jf the Lewia Shale causes a 

coalescing of the Clifi' Hcms-e and Picture-d Cliffs Ssndstones uear the 

C.mco Hiv{!r . Post-Pictured Cliff Cretaceous dE'!position. ls repr-e-

, ent~d by the coal-bearing Fz~\liUIUlri Formation., t..'le .Kirtland Shale, 

a...."ld the conglomeratic jo l11 uuo 3atldstone. The Ojo :\.lnmo .~dstorae 

uuc tlfvl'l-;;..:lhly overlies the :k!.rtland Shale .and grades up :vai'd into the 

1·;sci~dento l~orm tion of early Terti ry age. 

Grc1w1d ..,.. r. ter in the Cretaceou9 roclul ia withdr \Vll prmcipa.lly 

fro:L, the Dakota Sandeton.e, nm.nerou;;; ,.;IU'ldBtone units of the 1-..!eeaverde 

Group 1.11 the Black Me.·H·t and F;a.n Juan basins, ''ictured Cliffs Sand­

stone, and Ojo .t.uan;o .'a.ndstone. 
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The Dakota Sandstone combines hydraulically w1th the Cow 

t:>'prings Sandstone and \\ estwater Canyon Sandstone Member of the 

Morrison !:''ormation and is the chief unit of the D multiple aquifer 

system. This aquifer system is well developed in the Black ::'::wsa 

basin and in the ~=;outh ~e tern part of the San Juan basin. ~l 'he I\1 ancos 

Shale is a thick aquiclude that separates the ground water in the Dakota 

::>a.ndstone from that 1n the sandstone a<"_!uifers of the Tv• I'J .saverde Group. 

All the w::..ter-bearir-.g tnita of the !1./iE'save.rde Uroup irttertongue w·ith 

the- ailty ur.its of the group and with the M~ancos at11i Lewis :Jhales. 

This intertonguing controls the occurrence <lTHl yil'?ld and rc.t>tricts 

regional mover.nent of the €:round water. North and east of the Chaco 

River the Lewis ~11ale separates he water of th~ Cliff PouHe Sandstone­

the u . permost unit of the rvlt•saverde Group-nnd the water of the 

Pictured Cl ' ffc 8andst.one . South of t.he river the L~wis wedges out, 

and the Cliff Vouse and t'lctur0d Cliffs .3~nd.stone,;.o join to for;YJ a. single 

water-bearing stratum that haH been tapped by mm.> erous wells. Only 

a few springs bmue ft·orn the Ojo Alamo Sar.~.dstone on l'v ount Ci.sco r, esa, 

and u f~,: wells withdraw a Srt!all amount of wa er frow the Uflit east of 

t.he reservations. 

- 69-



'"..I oaion after rel:!iona1 uplift waa the doruinant geologic 

process durin Tertiat>y time; howeveJ.·. ~ed' r antnry rvcks Qf 

'fertlary -c are present iu three areas of the reservations (fi£~ · 3}. 

Thto N Cimtento , ormation of Paleocene ag~ crops 011t in the '", n 

Juan basin. the Chu ka !3andstone o! Pliocene( 'I) a~re forms the thick 

c&~.pping layer on th Ch 

Bidal1o ~hi ·ormation of Plioct!t e age i e~Ost;;d in t"" vall y of the· 

Littv.: Colvrado · iver. Til Chnakn Jandstone at'ld the Eldal.ochi For­

r~ation overlie pror.otn-ent ercsion ~urfaceJ~J , which bevel the pre -

Terti y roc.Jr.. • The Ne.cit.:~.~iento 'i'orn; tion was deposited duri::lg the 

ia.tl! port of the Sh"uct~lr.. epiaode that formed th~ .)an Juan nd other 

buine of the Color~dc .PlateaL~s. The Chue:ta ::)a.Y!d!rtot;e contains beds 

of eolian ar.d flav lal ori~in and l:;resur.u oq is c. :remna t of a wide spread 

depo.:;:-14-. It ras Jaid down after the fon .. ., tion of the basins o:a.nd otMr 

fold atruct<U'es en .l b~fo~e tne developl.- ent of the Coloraao :-uver sys­

tem iu lQte Tertiary tluie. The Eidahvchl l<~orruatitu:.t w:~ laid aown ~ 

basin fiJ.l in the 1Cel!ltral valley o! the Lttt e c{,lOrado tivel'. 



-- The T~rtiary fot•n...ations. uecau:i!e of their SU.lall ;;.real extent, 

yield on :.r a limited ~.- .<ount of water. One of the milin spring horlzons 

ln the N<a jo country (Or gcry. 1916, p. 133. fig. 14). ho ever, is 

alon , t..~e 1 we1· co1 tact of tiw Chu:sl~o.t .5andal:onc. The l~idnhnchi Jrt'or-

.i. ~.ation <'ontaht !ittlt va.ter within th r~:::i ;rvation.t, but southwar it 

yields c nriderab1-e 'V\ tft~~ to ve:l·-. I1 e l.r cim1ent, F'ormation bears 

virtually no water. 

l;nconnclici~t <. s~diP ents, u~ainly Cl~ Quat rnary age. in m•rier 

of !1y t'o1og1c h.n tOrtance a ~ the all':..lv!al. terrae , landslide, and 

eolJan dt;:posHD (fig. 8), the ~~at .ra·:t.ry deposits mostly are lens than 

----------------------------------
li'i.g'll"e u {ca~tion on next pa~e) be.tong.s 1 ear- her • 

·------------------------
sn f et tbick b..lt are as much as 225 teet thick L:1 a few pLaces. TI1ey 

forn .. a ill conth uou::.:, ratl er p~rn:eable ...n 1tle over large parts of 

tile rP.servations. The alluviu.In ie the chief soarc of w tez· in dl.i£ 

wells, t ls (\}.so the ource of water in 5prinrrs ~d ·irlllcd v· lle i!1 

several Jl-<" .. rts of th reservations~ e peciaily whe1.·e water dischare'es 

frow th- bedrocl-.. aquifers i.rtt<..1 th ... allnviurn (fig. 8). Few wens or 

springs e developed in u.e other t)u ternary deposits. 
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igur. 8. -· -~ p f tht: • ava,to and I Ol i ln .lan ges~rvations • .c:.hcwing· 

th{'! surfid 1 c~ :pea it , vdc lc pc, vince.;, irlternnlly t a· ded ru·~~. 

streu. lf1ow clata, and the ~ccurr nee '' ·Fater in the all ri\inl. 
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Vole nic Rocks 

The eruptive reeks are CO.U.!pOS d of basalt~ l:!l00.¢h\quit • r 

min.atte , and they occur h., flows. dike > bracc·a pipes, di tre.r.nt~s. 

cinder cones. :me. t1ut deposits in widely separated volcon.lc fielf,JJ. 

Grouncrwater- is yielded b•on. mat rial iilllng th diatremet~ in 

Hopi Dutte.a ~d the Defiant~e Plateat.t (Callahan. I' a1;.::'~ and Aker • 

1959; .Ak~rs ~ McClym<mds. an 1 Harshbarger. 1962), and discharges 

as springs fron,. flows SXld tuff beds. 

The volcanic rocks eu~"ll cll vided by compositiou intc three 

provinces the monchi uitc and minette provincet:o (!ilwemaKer. 1 056) 

covar rnOtit of the southwasi.Grn and northeaat ru parts of tb reserv -

Uona. re.s ctively, and t~ bas lt px-c•vince, a part of the !3an Fr ncisco 

volcanic: !ielrl. i.Et along the southw £Jt rn border (fii. 8). 'rhcre are 

about 200 volcanic vents iu U .... Hopi :Buttes in an are o 1. 400 square 

n1iles. .o\nothe 100 t""ent."Y ar in small scattere ..( group!i~ in other pr. rts 

ot t.&'l Navajo country. lalpure u· vertine depOS:lits a.t sp --ings are as­

sociated with th volcanic roc .. t in th Hopi Buttes (f1g. J), and . y 

of t.he diatremes slOW evidence of paat s,Prlng activity. ..rhe upper 

parte of s mie diatren!es a:L"o filled w th l;>edded tu!f and Um~stone &nd 

sox:-'e thinlylan.tnated d'"'ystor.to and siltstone (Bhoornaker. 19ZJ, p. 

179-lBt)). 

.. 



·The v::~lc:::~.nic roclu-1 are late CerE.,~oic in age. as indicated by 

relations <Jf the volca":.ic l":.>~ks to erooions.l staJea ir· tbe C ;l();,.·aJ•·J 

Hiver &(y.llttmu ~ ·.d t (J Ter~l~ry fo:rml9.tions. Dikes an.f.~ sille were in­

trwJ,td into t ''H~ C:n.wka '>and&tnne or Plideentl'('?) :age. ~i.n.d flm"s. Vilt~re 

preserved. filled valleyi:i ae deep as 300 f~et in t:'1e C'..hui'3~. TLe volcani<:: 

.roci'i . .S of tne uop1 Buttel!.l volcanic fidd '.v,:r~ r.r.z:u~ig;,ed by Hept'U.~.nin;t and 

Irw lt1 (l a5•1. p. 1 >)23) to be VulCi.ln.i .. etd:>f:f' ,)f ti1e Bfjp.J1QC;1i Fvrr•w.­

ti.cm, which oe::·c~.Zra betw·~~n the Upf.i~l· aw.l lower 3eciil::nentary thet':.bcrs 

o.r the E'i<i• ;1 oci'li of I·lioc • ,c age. ' ll tl e vol.-.:mlic r<x..:k/!1 of t!1e n"Jonci ·'iuite 

trenchment r.Ji tht .. r C()lor.:1:Jo !liver syste.<l in h:u:e Tt"rti:u·) tiJ11e . (See 

u:::;·ntrenehmen.i of the Colura,1n Hiver 'Systerr. ") Er:L;.alt of tl e San 

Fr~utdsco V' lc!Ulic field caps tcrr4ce.: thr.t 9.re i1• t~.e valley t: f the 

j ,ittle ColOI :~-..clo R:i.vcr fu)c. Y'angcs in a~{e frmn e<1rly Pleistv.(~im<~ to 

early Ecc"!r.t (Conley, 1 3€3 ). 

-'74~ 



e - Structur 

The r~servatior.aJJ ~e ir.l the 3outh-c~ntra1. part of the Co1or~do 

Platt"au~ pro'nrl~. wblc 1 is charaderi::l.ed by the aLsen.:e o.t the severe 

deforn.a.tion. thA-t took p1ac~- nearly qverywheTe ruong th\1 plateew. 

boundary. "Htis provbce has been r .. latively .t.{table since latt>. r~'re­

enmbrizm tln1e :: .. nd was only £.1Cd"!.t·ately ~fected hy tl:e oro;reny of 

.Late Cret&.c~ous e-nd eady Tertiary time. Within t.he N.ava.jo country 

thh_, ,oro i'lY prodtlcecl an asso.ctc ... ent of folds-·basina, upHfts. uwno­

clin~s. aati.cHnea. ~md sy: cline.;. (fi~s. 3 and S}. In iflt Tertitry ~nd 

-------- ---·-· --- ~----------

Ft,;ur-e 9 (eaptton on next p ~e) b lQ .gs Hear here. 

------------ ~.......---------- ......... --
(~ru· t~1--nm;·y time, the area wes upv. arped and lo.~ally faulted. 

The ltt.rger t'olds are term d ' bash' !if, Uf,lirts. and 'up-

~rpa, !Uld follvw g n rw1y the definitions of .8ardley (1951 ~ p. ~). 

T.hoC! naibab. D fian~. and 2.uni dome~ are ~1.plifts, and the J: 1 0m.m~ent 

dome, being larger than the uplift&. is an upwarp. Eeho and Circle 

Cliffs do~ones have he ~u r.e!erred to both as anticllne.D and srn.<'J.l up­

lifts. "rhe 'basins are aornewhat arbitrarily definecl, and they i..rlclmie 

only the d eper pn.rts oi downwarpt:d ar<Jas (:Kelley. lYSS, p. 23). 



Figure ~ . --1 .. ap i th r vajo and Hopi 1.'\diar.. ~!;~rv tion , sno ln 

the hydrologic ba..-=tins an 1 U1e chief .l)truct ~al featut•es that influence 

tho;: o .~urre:nce ex ground water·. 
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e · The ma.U.er iulti are monoclines. antic::..ines. a.:1d syncti.nes. 

The rue ..... t conspicuous oft. a are the monoclin':.!li, which may Le as -

sociated either with the bas.i.n.a and uplift~ vr with Grt1aller folds. 

The CcloraJ.o Plateau~ is a hug !$ ucet•-shc.ped epiro~-!rlc 

platfm•r::: tha.t is bord .. ed by c )ffiJ.o!fJx stru .t,.u-ez in thi.~ n.ountainous 

regions of Colorado. Gtah. .:u1.zona. .md New lv el!h:::.:. The continuity 

of the 1,latfonn is interrupted by a s rie.s of dov.rnwarp d und pws.rped 

re~ions, trcndi.\1 rou'Jt'lly north eshvard between the San Jua1.1 i..'.uur-

taina and the mountains of centr I .. bona. 'rhe Color"" o r la.l.ea.uR 

contair a two broad regionally co nwa.rped L:l.rer.s or troughe s.epar&.tcd 

by upa.cched re (fi . 1 0). Thl.a up&l·ched reg! on i~ coentnated 

F'igure 10 (caption on n6xt page) b lono near her.,, 

----- ------- ------··-
by the z·uui, l)efi.ance. ~ onuw nt .• and Circle Cliffs do:rae (fig. a). 

One trough ext~nd~ across the we t rn part of the ':o4a ajo country and 

owi and B e a bas d the St. J ohn.s 

s g; the outhern part of thiG truugh was re!ert'ed to as the 'I\utaya. 
.,. 

The oth-er tr(> gh inc des only 

the north~estern art o£ th N · vajo cou.n.try and oompr i.$e the ~ J uatt, 

Blanding. Md finta ba.sin.s. 
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~ig,n·e lf.. - - NHW -howing large -scale folds of partS~ of i•.rizona. 

fiew Jl1 exico, Gtal1, and Colorado. 
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ste per liu.b i o.n. th~ east or north ast aide. ~'Foot domes arf! well 

defined &...'1d 1· tJ<PHld.ed in places by monoclines. 'l'he be.:si~v; are not 

. ell defined, :wd their fJan w merge gradually into the sur1.·ou.i"ldL1g 

atru~ture.;. Th~ .r lief ~t t 1e donl · B.tlrl bt!tw en th~ don.e~ and b~slns 

differ considerably. The r~lie bet een. BlacJt J>jca basin and the 

Defianc and Yaibab douw.> is 5, onr tt~ 6, CO. feet, reapectivdy, hut 

that bet\veen the Defia.."l.ce dz:"J.me and ~ian Jucm basiu is atx.1ut 12, Qt)C 

feet. 

Tb ... larger folds control the n.)ovem~nt of w ter in th~ di-

mentary rocki; and divi e theN vaJo cc.~ut."ry inh> tve gtmeral ar Y..d. 

which contain sepn.ra\e hydrologic i$yster.as. fheae areru ax·e tert ·ecl 

hydrologic bastna an~ re nan.ed for t.he atructural basin in the towest 

p rt of each. Tht~treior • th~ Nav::1jo country t'Jccupies ps.rts of th 

Black Mes .ian Juan. Blandiu.,. Henry. and i\~:dr,arowitl:l. hydrolo{!;ic 

baains (fig. 9) • 

.:?~ler folds 

Small\;r rolrls-- ~ticlines, syn,.,lines, and monoclines-ar 

cor.1mon exce?'!: along th n ar~in o the rotcgoilon Qope ne r the L1ttle 

Coiora.d River. 'The n.;orc f)romlnent monoclines com.nJou.ty form the 

botlndaries of uplifts; plntfor1,..1s, and benches. Th anticlines and syn~ 

clines are tmposed ~'XIn u.nd exteud a.cr~ss all the laruer foldia. 
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.M.onoellna! flexures interrupt otheJ• folds and, therefore, r.u-e 

L."le rnost cons icuoua · tructura1 feature of the Colorado ~j1atL~us • 

.Oip along ruor oclines are u:~u£tlly le ~ thar .. 15*', but locwy they are 

mor , an<l in a € pb.ct:f' tht; bed~ ax·e overtur:.1ed light y. fhe east 

h uib b • .:.!. ~t H.mce) and SQ).tH~ of the other n.on.oclines have · 

sinuous trace f..:~r or~- thall 125 ruileli, an many btfurc te iLtc ever 

'J."he di.<~pla.cereent along 1r..onoclines l.'ttngeeJ fr ,c· 

less than 4 o to re 

uaociatcd \ tth the f:..1.d:;~. 

·r:ne etnticllne · and syncline& gener ly rend northwe-st to 

north ll.£ld are uaually inconspic.uo'UfJ because they seldom hav dins 

~t~ep~r than 3". ln t WW:.,tern part oi tht;; reser·v t.ion.s nom· ox these 

f,>lds at·~ more tr...an 10) .::-tiles hmg; the iongest~ Pre~<Jton f•;e::.c-Mount 

Be-autif-ul tltlticli 1e, caa be traced fer 150 n'iles irl the l-~ai .rowits 

nnd B ttck J.-w~esa ba ins ( ig. 3). Small dome. and addles form ir-

C6u· ar!tiee along th6 crest. c! the anticliues. The Host pro1~inent of 

t ~ese ia Nokai doL:u , which n-¥.S be n breached by tlH~ 'an Juan 1 ivet". 
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-- ~ ~uuoclil'tes exert a strong influence 011 the :novem ut and 

occurrence of wr..ter L"1 th. sedir.::,entary riX'~->~. Figur '1 illustrate 

.F·igur~ 11 (c p:ion on nexL pc:i~:c) bfllung::.. near here. 

-------------·- --------··---

Navajo eount..;y. Th s r~lations a.re: (1) \ Mter - te.ble .oncUticn.; may 

pl'C'I.rail on th upthr .~-wu aud do;:; ntthr<lWO sides of the u~onocJ.ine (fig . 

11 ~): 2) t 1e uptht•own a'dc is e.bovc th~ w:1-t~ .. table and ili~ aquife£.4 

i9 fh-y (.tio. llE), (3} a change iron .. ter-t.:;.b.ie to :.~rteshm ~cnditions 

ta!~es place Q}.o:rtg a ut-. ... nocU.rl~ ( 1g. 11.'1-. C). at a { 4) art s _ • con-

dlticr~s :r.:w.y pr~vail 011 both g 1c.:cs CJf a ~onocline (fi;. 11. • C}. L'l 

aquifers, princip lly along the ··ast and .,:.,est I.:Jefiance .:.XJonocilnea, 

~ \. tic ... iues and 11ync..U.nes do not raf£ect the nc(·tu•. ence of 

oi_(rc.•und watet• o.s ruuch aa the D1t ... o~ ine · . \\ell can he drilled al no 

the c es s ru d il lticJ.in s if the structun:!l relict doea not 

e c~~~d the · nturai:e-d th1ctme9s ot the water-yiddh • unit or if art a1an 

conctitiorle; prevnll a~.rwJs tl:,£ a.nu .. ~ line. In places, howev~:~r, the for-

tlH~tions may oo d em th~ crests of son.~ anticlin s. 
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Figure 11. --Liu;_,trams showing occurrence 1f 1:;·rouna wat(;!r along 

·nonocline in U~e Nnv jo ~m· i vpi I. i .t. .tee:crvsttonR. 
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-- Faults 

Faults a·.:-e uncor...mon excep1 in u su rdl are· on the Defiance 

Plateau and in the wes ern pa:ct of the re.:>e.L~vntion.s (fi;:t,. 1). T dm:.::, 

1'50 f et , but str;.t.ta are offset wore ·han :.G\J f•3et i:)y tbf= faul: at t "l;r.ter · 

r (Jint and the one r·etvt~ccn 'Pre:ston l'/e6:A. <? .... d \,h~te ·coint (fi'<. ->). 

1. O:Jt are vertical nor·· al faults , t:rend hetwe~n east :tnd north, and 

i1'1tcrsect axe~ of the !oldo at acute • n ·lc • . 

country arc in a poorly def1!1ed belt betwcc11 20 .m-1 40 r.;.~iif~S wide 

{fi JJ. 3 arc 9). The belt ext':!r ds northeast N"ar.J froL ... th , an Francisco 

and Coconin o Plateaus and merees dth the structnres of 1he !>arado"= 

fault and fold belt in the northern pc-.rt uf the T· .... oWlll•e:.t :..xpwar:r (M. !. .. . 

Cooley , written comrr.•.mication). Few faults ~ re t"el n.ted o th~ ~rchL ;~ 

of the laccolithic Navajo Mauntain, hut r!:·lny nec..r Can eron :1nd on the 

oan F1·and.sco Pla~eat.• · :'P. related t0 the e•~q:.Jacc:-.r~et.t of the 'Ole. nic 

roc'ks . 
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e -
1:i aults in the Navaj cuuntry are too isolated and dtspht.ce­

n..tentt;~ it.!'e toe ~lL a1J to exert n 1'-l ~b control on r;round water. A fe 

Hprings ;.~nd seeps disch.ru·ge al ng so .... c cf the faults on the Defiance 

P.ia.teOl.u ~u:d near the Coloradc• at1d .. :an .J11UI'l Riv(~rs. One erna.1.t g~aben 

tn the southern IA,.a.·t vf the Defiance '.l-·1 .. teau (fig. 3) tr ps ground water; 

it hai:s o. Jn c'.-?v ... bped to su.pp1y ".~, t •r for the co ·•m ··nity at Ph ~ri..ngs. 

hyeiv raphy 

The r ·avaJu country has t>een su jee .;;d, to vigo.rc cycles. 

will "'h conaist of periodn of tio ncuiting alternating wiL'l periods of 

pl r~at on nd deposition. \S s result, stream hav carved . ~on•­

plex m ze of plateaus. roc· benches, and nAe s..s, which tow r above 

exten~lve p ain.. "nd canyons. 



e · The Colorado Plateaus province is ;;,.~'J arblt~d into p· .ysio­

·!raphic sec"ions La&ed on the dis .db•,tion ol ca."1.you , rod~ bench~s, 

.t:."lesas. -.n.:i plaim~. The whol province has ·i.utilar roc · a and 

eologic tructural featu""e and contain on Jl)a.si~r st:e m. the 

Colorado ftiver. • .. ach physiogr<>pl ic section, the;cefor~. :c la.t s to 

ti distance fN>n! the dver an· to the types Df stream attern" de­

veloped. Thus, in l)w1ands o.djacent to the Colcrado c'i:er and its 

maln tributari · , canyon lan.ds are dev loped extcn9i.Ve1y. In a oor­

ly defineti 1t around the canyon lands, rocl' bcuche form a series 

of pt"m ... Ji.cent clif!!C d broad pl tfcrm . eyond tb.e belt of cliffs 

and platforr .1, plateaua. and p.tains of ero..ti n are the dou.1.nant lane­

forms. 
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H::.:- r-;r.t,l.h~~'''! ~ow.'~··k y of th{! t'cilH~'!''I-".:!'Lvtl.i'. a'~t~ th;..' ~...i .tli:! C .1 .. C':'l.'.lv au i 
.-

ii i.r.du?es. i ... 1 



--

• 

.Figure 12. - -Pl1ysiot.,-raphic map of the Navajo anrl Hopi Indian heoorva­

tione • . :.ri2ona, Nev MeJ:ico, and UW .. 
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-- The landfor· 11 of the reservati ns are ·3how n on a physio­

grapl ic · m9p (fi • 12}. Thi~:~ rn p showv eJso the di tribution of the 

alluviut ... , dunes. lava i'h' I{B, 1d erosion f3· rface • 'I'he man is in 

plan, ana t1 e relief 1B ~ hown by ol: ading. ·.rhe light is from the south­

east. The J.an'Jfor.cr •• were drawn from inh::r-pr taticn of Held G.k!:tches. 

g~oloeic m · 1 s, and aerial photogr.ap 

'elation of U1e landforms to the iiledii! ntarz rock!_ 

1lte landforD.s of tb~ Navajo country ~·e char cteri.zed nnd 

affeeted by tne alternating :L'e i tan Md '·ea:, rock. strat . H.e ... istant 

bed form le ge • cl.ifls. n1 ~s~~ anc rock b nc 1(: th t are BP.9 nted 

by slo~s. \"c.lleys, tUld b dlaods ca.t·ved in the weak ebaly beds . The 

n-:ain cliff-forming trata are the Coconi o, De Cllelly, •\·ingate. and 

N'"'vajo .:·andst n a. t1.e I<.aihab J...imestone, and the ~ 1tistone units of 

the tipper Cretaceous rock.:. All the wide all~J' and many exte:-t.'11V 

"lope.., ar excavat d principa ly in the .r .. :.ancoa :ih le and the Chinle, 

Fruitland, Kirt.and, ru d Biriah()(;}li I'oru. tiorw (fig. 12). 
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Tt1ree typ. o cw yoDs tiire con~.L •on-the vertlc walled. 

l!bo x. and • V" shaped. If a canyon he~ been eroded e1 tirely in re-

sistant roc $, nearly vertical walls are typical. Canyons ot this 

type are focmed in tJ1e Navujo and De ChelJy >andattme;;;.. If a c.1nyon 

ts rinnw!d ir a re istant bed hnvLttg a ientle dip nc the canyon floor 

h~ cut in soft .. ~ dit.nents, a bcx or w .cdi!ied iorrn of l,;.:,)x i evel()ped. 

'l.'he box ta the com >On c n ·on type of t} e Navajo cowrtry (Gregory, 

1017. p. 132). I! a canyon is cu .. int moderately retsiat ~1t rocks. 

a V shape with steeply inclined walls will tor d. The canyon vi the 

..luan iUver cut in the- 1".-a.hwzoic roc:.ks noar u .. exican Hat is a good 

exampl . 

_:tripped aurfa.ces ( t ... ipped or s ·ructura.l plaiw~) occ.n· on 

I etsistant rock:1 that re e.:poJed are ally on plat aus. n~esas, rock 

benches, and dip lillopes of hogbac .s and cuesti\8 (lie. 12). The. ~e 

surfaces are erode most co f\C!Oniy ·.m top oft ,e Navajo 3andatone. 

the Chinle f"orm tion. Jany stripped sm·faces l! contOt1r' tho folds 

of various structural features, sueh as the Defiance Pla eau~ the Basi: 

Ka!bab U'lonocline, and the Org Rock anticline. 
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The ty} es, si1ape.,, and gevgraphic positions of the large la.I d­

ton:ns are coutrolled uy the up U'ts and basiw~. which influence the 

re-.. · onal ttltud of th 1·oc.t · • tclativt!ly gentle strip( .. . d platcaulike 

tc ture& ar on le mt.:;.its of the l1.:~fiance <.md l"aiba.b upliftG a.ntl 

;>::1!"ts t:Jf the j, omw.1ent upYtat>p (!ij6. t "t}. s ong r ~otsoctlne". common 

on the flanks of uplifts, !wghacks are fornAeJ and at·e lnc.lined to ard 

th~ ba.GinB. In the basi1'1S, wl.cre dip.:: · re g 'ntle. cuc:Stae aod roc·· 

b ·nches a.r~ ti:Je cHef phy3io~raphlc form:1. In n"J.ny areas the aline­

n} ·nt of o ,backa. cueeta..s. an.d ro J..: rJenche~ ~or ·1s rvu:•h concentric 

rings arow d the i plift~;~ and the centers of the basina. 

Wid ·1alley occupJ an int rmediat. structllr poAition be­

twe-en the nlifta and the cent r.e >f the basinB. 1nus, the va.ll y of 

Chinle V h WatO: .a\'ved bet :veen the Defiance l..' lai..ea..:~ nd Bl.ac} ... , .. esa, 

l.nd the Cnaco .iii vflr vall y ig b~twe.an th*Z i)efiance I"'le.teau and Zuni 

J: ,ou.ntai.na ana the c nter t-f the jan Juan bas n (fi;-:-. 121. In the same 

wa.y the Litti~ '"'oil')rado Rive:~.- valley 1 hetw.::en DbcJ:; • esa an the 

ulNhlande foru~ed y the Co<:(,Uif 0 l)lateau, 'an .Franciaco :;)lateau. 

8lld the ~ Logollon i3lo;>e. 
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Th~ clo.'3e re.~.ation cetwe~n geu .. ogy and ground- ratE-r hydJ·-olOrJY 

mwte~ it pomeiole to rlivi e the Nav jo country into aroas that contain 

simUar geolor;ic or physiographic and hydrologic char-o.cteristlcs. 

These hydrogeologic subdivisloM are ba.sed , in order of iroportan~ 

'-'f criteria. oo the. distribution of he v·•tct'"oppi.ng sedime1.1tary rock.e~ 

large folda~ and the dro.inage patterns of the Colorado River and it~ 

principal tributatielil. 
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This clone relation vf g ology and ~curren('e of ground 

water iiS :Hlustrat(;"( on n: pe: shewing tt .. e distributiun of artesia.t. am1 

water-taLle area;.) (fig. J3}, de9tl1"1 0f water lev l!i in wcll.a (fi~·. 14L 

-~------·----·----· 

F'ig1.<re 1:~ (c .. ption on next p~ge) belongs near here. 

F'igurP- 1·1 {caption on ne;rt pa. e) belongs neac here. 

----------·------ ----·-------- ----·--. ·---
cl depth of wi!'HS (fig. 15). :.:'ater-tab1a co dit\ona prevail in the 

--------- ---·--·-----·-------· 
Figur ~ l5 (caption on next ''age) bf.:lon~s near her . 

·-~-----------·----............ -..----...... ---·-----
ra..cks that cr.op out in th~ l.•phmd&-·principaUy th~ Navajo Uplands, 

Deiiance Platee. • lmsk h. 'l.mtail1 , and lilac :.-ieaa-althour;h the 

af!uifers that a~e deeply buri· d in Black !¥ esa are Rtron~iy arte:-ilan. 

Artesian conditions are best dt!VClopcd in he hroad valleys of th 

~ ... ittic CoJor .do r i~-..er. Chinle \'ash. 'Chaco River. and San Ju. n River. 

which Rr~ generall.f on the flan'·.s of the ba3ins. aJt.hou" l at'ea-3 of 

flowing "WfJl s are restricted t!.> p .. rt oft San Juan and "landing hasins 

aA rl in ChL•le Vall y. In the aame wa..y , ru: eas ha·dng siJ...cilar de?U1£3 to 

\ a.ter ::mcl d~pths of wells roll~hly outline t 1t" broad phyatog1·aphic &nd 

strnctural fe turea (>f the Navajo country. 
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e -
T 

l"i ·e 13. --Map of ·the t-1nvajo and !o i lndinn Heserv tlons~ flhowing 

g~nera ize_l artesian nd rater-table areas eof the cc-nsoli.datcd 

aquifers. 

Figure 11. --rt., ap of the Navajo ttnd Uopi Indian f\.{!servati00$, st.owing 

genera.iiz.ed depth of \Vater levels ir. ·ells in the cotlSolidnt d aquifer~. 

Figure 15. · -L ~ ap o£ the Navajo and Hopi Indian R.aserv tions, howing 

i~enero.lized rru t·e of ··ell deptts oy area to all aquifcru. 
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-- '1'he Navajo country Lru:ludes the following hydrogeologic aub· 

lllJjck J\l.e..,3, !' :. onun~er:.t V3.1Jey, Chinle Valley, Defiance .t-·lateall .. 

Eastern Gr&1d C\.u.P/on G•..tbdi•lision. --The eru::t~rn Gran~ Canvon --------- ~ 

!iiu.bdivision is along the Colorado R1yer ·n the vet:~tern part of tl1~ l'·!avajo 

country (Clg. 12). The 7..:a t }.q-ubab s:...!onocline is the don.iaating struc-

rural fcatur • 3nd branches of this rr.v!lO<: in~ oound parts of ili }.aibab 

and Coconino Platen , .t ... -arble l'latf'orm, and other bread rock benehes . 

...C.ll thei.=J . isndfo:.·~ .. ns are outlined by a proh~.inent stripped surface cut 

on top of the raibab Lhuestone. h'I •. a·ble Canyor1 ul the Colorado Riv~r 

and the canyon of the Little Coloro.rlo 1l.iver separi.4te ~-~arb!e Platfor:w 

from the oth r par1.s of the subdivision, these ~anyons · t their c..m-

f uen..:.:e nave a dept! of 'l, 200 f ~t. 



e · Th deep canyoM and fracture· , caused y monoclinal fmd-

ing and faultin;, control t"l-'.: occurrence o.f the ground w er in the 

e stern. G~ and Cany•:>n subdi7is1on. As a resu.tt. the Coconino S.md-

c. tone, the principal n.quifer , ia ctry in much of the ,;ubdivi:-Jion. 'J.'he 

.:tlcd n~l ·im~ ·tune, however. ~.ore th.H' :.., ()(I!) f e>t belo•: the land au.r-

face. is wa c:r henrin,; and discharees throll.&;h . uc 'priug ruKt ot •r 

.. pring.,. in the uottom of the cC1nyon of the Littl~ Colorado · i>~er . 

e 
l 



-- • aint d Desert subdivision. -- 'I' ne ::'\aintt cl Dc::...ert eubdl rl.sion -----------
i~ in the b:coad so~thern r· nk of Black l\'ier;;a ba:Jin. It 1 ch.aract4!rizerl 

by brilliant-hu i oacilands carved !rot:n the h oe-nlwpi. Chinle, . oetiaVo , 

and hay nta I~"ormahons. The LJ.ttJe Colorado :1 iver drains the .sub-

dvt io1 )l;.Cep al,mg the i:"l.Orth~rn part of Echo Cliff... . L"l th~ eastP.rn 

p t of the subdivici :m, -'ueblo Cc..~.orado 1
• :l.Sh, Hio 1:-·uerco, and 

oth r ~trea J3 occ'JPY .. u!Lv-iated vulle '~ betwet:n hiulfs col..~.pv~ed of 

en er" cied intt. ... >r-oad, ro . .lin 1, slir;htly di aected t elands. Thi· 

a.nd rod. t~rcace'.:: in the ·fcf'!hC?rn p >t of' t e ubdhi..sion . There the 

Little Colorado H.rver flow · on a wide a luv\al flood pltt:i.n between dip 

s opca cut Ct th~ f.~n.ib b L'mestone and l o nk-::>:ll ~~orro twn 01 the 

southwest e.nd. a h rp cu.csta .c:";d~ frm:, the G1dl R .<'' Iember of 

ti.e Chhue Formation {fig . 12}. In the renter of tr1~ :Painted Desert 

a•.tbd1vi.l3ion, ~ .. h~tero eneou.- t.>..rr· y of volea..•'llc .. utteo , u ,c .s, Java 

!lowtJ .. nc.l :UreulelS con::.pl~ising th. Hop Buttea tower abm.re the 

.dland slor.es c •·ved f:ro.u1 th~ L:d,.,.htly colored ~ ia.::slc roc~s. 
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'!'he Painted tJesert aubdivision is undedain principally by 

ic rocks that do not yield ~ater to wells~ and ""l'Ounrl- :ve.ter 

:aupplies generolly are irusu.hi~ient or of poo1· c.hentiC~ quality for 

stock Me! dvujeatic uat;;. Locally, some water ·s obtained fron. the 

~luvi'u!.~l alon,~ t.~c lar er wru~hes. frcn. tutt beds in tr•e vc.,.lcani c rodt.. 

of th, I :>pi l.vttes. fr.-.n:) a.ncuttii'. beds of th Chinle 

from the \' · inga.t..:. and [·a!-:vt~ ~~ndSitonea. Th~~ Ccconino ~,and,gtcne 1 

.aear ti4e surface and ia tapped by ells south of the Little C'olur do 

Riv J:'. ~·or.:-.e wat r io obt~ined .fron! t.~ De CheEy :3andstone u.lvng 

th ~estern w rgin of the "" finnc. Plateau. No. th f the t_.ittle Color. ado 

•. dvcr and west of the Defiance f-late· u, however, the Coconino Sand-

.st ... me is bu!:"ied deeply, and its -.v~ter generally is higby mineralized. 
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-· 
of mes It h:1 the i~J·aest hydroJ clo _,ic subdivis~on. occnpyi -t~ p~.rts 

r.:rt Black t "ei<.a, ai.JKH'O lfitB. am: Elandir~g baEins, an11 the divides be­

~He'.:!n these bru>ir~;:;;. ln the e~.tern t·art t},e d t1 .-co\.?:r~d p1ai.l.13 CJ..~ 

1->thel· prc,.rnineot utt H ana -;~e.,tt.S. Tt e uorthern part hu.s been 1 -

tric dy clisaectcd by t e Cc.lo1·ado 'Elver and its. tribu ics in~.o a 

sr:.ectacular 6:tit.:m that c~ · -t!• of Jkn, ~~a\~jo, and o~.her canyothJ , 

Navajo Lountain rl ea i.lbt.ve ~Le fli.Yvl• of Painbow Pl t ~\u nd ·-lomi ates 

the i'.lj rruur.dir4g canyon la ds. The eae;teru part of t 1e m.tbcUvisi~m is 

drru.ne by lrlnl \luzr nd occunie~ a low.t nd bow.d"d by Elacl-r •• esa. 

Con.b d{1·;~. ru d the C :1rrao : <.mntains. T.h~ relief of tbe eaE"teJ~n pari 

1 .:..o .u~ :esil and more t .... tro.u •• than that of the wc.:nern p· M, and on.:.y 

a few butte.;; and wesac interu. t the st:cip 1)ed plains c.;ut G tl - Navajo 

..>an..~ tone. 
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e - 'l'he Navaj() :-Jan.dsknc is the chief aquifer , and it is utilbecl 

~:i;t,_msively throvgho·tt the subdivision. The dc;.enda.b!.l? and relatively 

lar!;e quaniitie~ of wate:t· in t11e subau:;;face contra.qt with the windswept 

deeertlike .sut·face. :,•ater in the NavaJO u:suaUy is 1mconrtned because 

ihe ,gre<1t Utic1~r·~ s and ~lidenpread cxoo.imrea 111inimiz<0 r::.o t effects 

c.t the geologic: ~tructu:c"". N:?.tu.~.·a~ di~charge d gronnd water fr<) ,,.l 

th recervoil' ma.mt9ills perennial r a•.:l as vf etreo.:.:c . .a in the c1myons 

near the Cul()l:ado H.wer and aJong Chinh~ ar.~.d \'oe.ukop· r~ r ash s . 



BlacK a l::1rge u,()derate ly 

uissectcd highland that occupien the :;tructur<::J. C{m.ter o! Black f e.5& 

·~!ere the Bitishochi i-''o:-~•!utie;u overlie;· th · C.:'eta<~cous l'od.a (ft~!s . 

3 c.nd 12). TLc southern part of :..l.:t.Cl· Lesa. 1n tlie h1pi 1..:!Juntr-y, bus 

cu.nyons and gent 1y c'ipping rf,ck plntror .1s -- C011led •'in:: t, ~cond. Rnd 

Third : .. e.:~a~:. Th Sthlm.it of f.3iac-.:: • <!> :l slop.c.3 ge11tly to the a0·.4th-



e -
:f'.J08t of the g_ cmnd-water supplies developed m P.1~\ck 1e'.3a 

are from th Toreva and 'ep0 ,_or .1ati.ons . 't'hc depth of erosior 

along Polacca a ld t~1t> othc principal w a.,hcs controls ~.:;rour1d-·.vater 

n,ovemeut. and the tc/al SUIJply of water that c;.!' b ~ obtain.~d fz-or'. '(he~e 

( ••• '} I • 'I) 11;;,s. t) dt1r~ 1- . 

.Shinar:m.p l\ ewb1.:-r of . 'I?: Chinle l•'or:.riution , ano 0e Che ily and Cedar 
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-- The area generaHy re.f~r"'l:!d to as ~ .. onunH)nt Vul.!ey is in th~ 

5uuthc~tern part of the :ubd',·ia·on Cig. 12). lt has be~~l1 fo.:n.ed or1 

the gentle c\.rrvatur~ ·.)f a tnntd anticline and ,.,hen viewc(i fro.,J 

Hoski..'l.."lini r .. ena to the west is a pancror a vf :1 orrmJ.eiltlike l.u.tt'"'.--: 

projecting :>h&..cply abur:e int~;:n.~ittel't dl:ne-covered plai.Js. 'l he outt~s 

congJ:.:;t ui a resistar::.t dhi.narl..l!11(J cap roc· •'r.r'l.!inli steE>r ir ·..;:~-lla·· 

;;lopes of th<.' J.',·Jcenlwpj · orn1r tlcn and ~:ertical clifts <)1' th, De Chdly 

.:\a.ucstonc _,.~.em~·er of the utle:t' ''orn:atlon. 

fro:;:;·: Comb J'idg~. It hw;; c:Ht into s.:-din.~ntary r·i:>cl .. .u :»t .cpJy tilted by 

Comb .rnonoclin a11d oi:tl r !o.l.d- near ne~~·<.:ru. Hat ant into :.No:·ly flat ­

lying strata !n the reach doYmstre:>.m ft'OL· ~·.;cnih .. r 'Btttte (.fig. 12). 

The apectacuJa.i~ feat :tee of .:ro.n .r~.~a.n Can:•on is the goooer;eci;s, a 

>ownct~·c~ .m fcm.u '· vnito~ 

.. mpcrbl.y th~ ~rri ... ,:e:;,ruJ co.u try krr "'gory, 1 ~~16. f.'· -47 .. 4~.\) . wldeh 

includes Pi'ute, No ~ .. · 1i:J, atA Ske1eton ;.' e .... a-5. ·rhe::;e r.:Jes::u: ar~ ao 

natch as 2, 0' 0 fe-et 'lbo ·~ the ficorR d t.!1e subj., ce11t cu.nyon:s a11d ar~ 

riu'ln.~.ed by cliffs forme(} frorr. ft> ·n ations of the Gl m Lan.you iJroup . 
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't :.<? l'JJOntm.ont Valley aubdivi£ion is one or the driest : re<lS 

and lce1st favorable for t' ound-watF;r FUj.jr;lies in tl1e .. ~vajo coUJ.ltry 

b .... cau.sc (;f the .rel tiv\': i~·,,pec ·,ca.bility of the sedimentary roc.l~S ru1d 

becawsc extreme d.i.s!:ectim;. hs.t: &ainet. i.J )fl~e of il-;c f:..~ru~r wn:!..er-

yi~lub.~ 1 m1ts. ,:r(•Und v. ater J.D obtl.!.in c! ~oc3t~y f:·uzr. wetL in the 

Cednr J1.1esa S· ncl tone i\ t:mbP.r o · t.i e '\:tler 11'cn,1aiitm a .. '1t! in t.i.'J-e 

allu'v-iu.m . In tl c; S [..i 1\ .. er.;:l!!l Bl'Cfl • \l':hit£; ali:,a,H ban' .J.L:m:; the ~)ase 

of the \r iugatt:: Sand::; tone indiculn~ LntermH ent see!')ace, and l:l•D .. ..:rous 
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e - Chin!e _Vdle_x suLdivisi_9.E: --''the Chinle Valley subdivision. 

rmderl~in hy eu1 .. dly er-<A.lcd TriM sic .s~dilT ~nts. is eicuiln.r to the 

:'.linted !..Je.se~~t e:tbdh·:oL:;. . It is a lowland between the ccHrred oa.nci-

1,; in~atc ~'ar~datone an'l the Gv,l .:-~ock l'.<· ei,,be:.:.· of t.lte (:hin.le Formation 

anci ~t.cbe valh~y}J e~.tc: in 1e3t:: ·e .... dstnnt i..r'irata fo:rr:.1 low icre._{l.llilJ."Hies . 

Chinle ·.:Qsh und Us triLut~..riee dr::.in th:E: Chlnl.e Vu:l..~.ey ru.d f1cnv on 

flood-plc:.in dc:;-,osite, wt·ich are n:ore tlu.n 300 fe6t tbid< locally . 

.b~autiful V.alLcy, di!~pluying varicoi<.··r _ d hadlanclB c:ar.ve:.~ f ·on, the 

Chi~11e For:::z . .).tim~. ar.d .:jj'!A.ke Flat,..~ .• J. .~latforf~, \.-i l~e:ntle nbpeti under-

1ai'l by ce:.iroc:" ~u>:~ P :.htvitu , , ocC:.l}lJ the r;ctrthor.n part of 1 b~ subdiyi•-sion 

(fiJ. 12). The norther..-l _t.~art c.,f Chi!'lie Vnlley l.as conslderable relie~ 

and cc.uta.ius IJeveral ctm:3picuous butte'" . 



Watec is at uhailow depth jn the altuviurr1 alonp; Chinle '.rash 

and at con.siderublc derth in the De Cile.i.ly :ai<d~;Une and S!J.ina:r;_l:nJ 

I\'emher d the Chinle Forrra~ion in ihe C llWHiplc ·:tg\;ifer .syoten~. The 

regio~1..:;l r'Jp il'.> [;t'ner. lly V'RS t ;;r~rd am •10rtl v:est·..v~rd, ~nd the top r. f 

in til~ vesicrJ! and norther.1 parts (.-f the s !bdivisic.:l. 'La~ , 1trr· in 

''"" di -,... I~ • (f. 1 }. ) J.ra . n;, _ os, 16 • , '" . 

f)cfiu.nce Plntea~1 euh.::ivi.sion. ·-The 

division, 

cuestas of the De Chclly ~.:lndstvn.? ;:,.11rl :Ja:w.:n(;ne bt.ds in :.he Chin(~ 

.1/or.u,ation (fig. 12). '-:Cveral bol tnd ""olcanic nec~.~-the It .... ist 

pron.in.ent tcinr:r Fluted l?.ock, lhc hi.::-'!,t•.;!st point in the subdivision-and 

the large diatrer.:: .. e b Y'•!ell f"ar,-. ir.ien·up the :r.enllc curvature ,,f the 

platettu ~umndt. Contra::.;tb 1 with oth~r p.::-o.ct;Q of the l~c:Jec•,rali<;n:·, the 

.Jumn it ares. is cover ~d largely by a thin doi • which aids ground-water 

recharge. 
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T lbuta.ries to the r·ut:r-c•) River ;.:nd ::h:tc .. :,~ 1: , ;~.ah }~" ~ carved 

""'!,. "'. d l f 'C·~ 1 ~ · k I .. 1? • 'l .. ...t~~dy t.JJ1 t tc..: canyvn o n.tt.J.C t\ t.r·ee · ,ul':\. ~ 1. 
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. Chuska r~lountainz:; subdivision.-- l~he t:huska rdounta.ins con-

Gist of a long, narrow mesa forn.ed of the i.hick horizontally becided 

Chua i.-a ..land stone. which rests unc(>nforn.ably on folded rocks 0f th, 

East Defiance mo·:ocline (figs. 3 and 12). The ::..u!·achul~ai L':. ountains 

it=~ the nc.r •. e usually apnlierl to the rart 0f the ::h sl~a. rv'lountains stth-

division lying between Lttltachukai and Cove . f'he summit area of the 

mountains is at an altitude ai 9. 000 fe~t. and d'Bplays a toporrraphy of 

clear lalces. The \'V'este 11 :...nd northern ~ :::P.'arpmer..ts c,f t;te Chuska 

.Mountains conoi!3t of steer slr.pe~: of Chusku 3andstone ter'minatin:· 

alung vf~rtical- YiJ.Ji.ed cliffs C<irvl~d fro l t :e rs::-i.~t.a11t beds of t he 

3un·n 0rviile Fol:"lYtO.tion and Le E d.rn. ;: and \"!lng<='-te S,.mdston\!lil ., 

'Ihe easte n escarprr.ent ie a seric. of '4iant ' 'sc.lllopr.;· · rec.ulting from 

slumps o.nd landslid.-~s ca tscd by Bli}Jpa;e :.~.long d1<: east ·-dlpring br>J.-

ding planes cf the undeclying sha1v roc!<::: of Late C.cetaceous n.gc. rhc 

Sonselo. Buttes , t·emnants C•f Chusk ~?..stnnstone capped : y basalt, ver~ 

isolatcct from the main western Chuska escarpment by erosion. 
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•rodilto !- rk 1C4lld .- ed Hock V ali ey are nn.!.·, of t uubclivision. 

Todilto·P~'trk is a small grass - c;.u-pet •d v· ley coctainin[; per- :minl 

stream and lyin belw~en LOlnn:.ned cliffs f the Entro.da _:,andeton 

and S 'lY.J,,ervHie . ~ormation aJ.on the w~ tern e carp£:..ent. vf lhe 

Chu.ska · ·1o.antai.ns. In cGrrtr~t. ~3 "·d Hnck "alley h:: ru irt·~~rula.r 

nearly bart·en lu '14lnd fot'1llCd un r~d beds of ' 1.'riMsic a td Jl.l.t'as.sic 

age between thE:- lhuska and ~arrizo r~,ount<.J.ine. 

'fh · Chuska :~ .. ,~unteins bUhdivisl<m is the b ... .;:;t ;rtered t!illb-

division il the N~ vajo cuuntry. Cca idr.tra!Jle spril g disc'1arge from 

the base of the ( hu!i ta .. -.anrbnone .m m :'lin.3 tne p::'rerJlial. t·ea nez d: 

rr..auy creeks that drain th~ ar€a, and (rnly a. few r.t~elJ wells nave 

been drilled to '..lP. lem.ent t.i1es wate .. a pplies. 

Carrizo .... ·Ol.t:"1t. in& C!~~!.?divisiO_l'.!.:.. - -T'nr-- Cart l:.!-0 r.'.O\ ntains project 

above lo' la.ndc of the wost'-rn ·""la.P Jua1: ... asin nd tt e lo ·er p3rt of 

Chinle ·vva.sh (fig. 12). They cons;.~t of a ci!ori.ti<; central n .ass and 

p·{,jectj 1g laccolithic :;ills, vhf ·l1 ' rcre mtrttdeci iuto the •urn'Jillldin:.::; 

e . tentru-y roCi'.S, uil tt1t!Ge roc:.s h~lV€' teen el'Of.!!!d in·eguiarly 

into na.crvw ·ldt;.'Ai, shar;J - · taped canyon .... Lo~ba.ck:<-, an·~ uttres:3ed 

and recessa·1 c iffs. ... , nurro'tl. sketetonli '· r. d e fot•med from Triassic 

and Jur&ssic rockn connects the Carrizo !.~ ountai.rw with th~ Ch:.~ska 

O.il't..ltachukai) Mcunt.:Un . \ ~ Us J ve not oc."en drilled in the L cunt ins 

prings fur-nish dape1 'abl au.pplie of water . 
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e · .v -=:;tern ...'an Ju.a.n basin subdivision .... 'The we:.;tern ~.J1 ,Juul~ 

ba in subdivision is underlain p1'edo.rr.lna.ntJy by Upper Cretaceous 

strat , · 'l ich dip east aucl north fron~ the Defiance f'lateau and Zuni 

i.V.ountains. ln genec .. u, the wte:stern San Juan ·basin i~ characte.d:led 

by expan.ses of open country boundNl oy na. TOW hogback .:tnd cuesta 

ridge • Smaller area:s in the subillvi.eion that contain similar featux·.as 

are tJ!.e Ga..llU? sag, 1\:i.esa de ios Lobes, !\neth area, and the lowlandii) 

drt"41ned chiefly oy the Ch.v.co River. 

The c~.lllup sag is ~ broad ..;.rea of 10W ridges and lluviatcd 

de los Loboa is a diFJsected apland displaying strilc ·v-alleys and hog-

back ridges to the norih~a. t of the i•mi "vm.mtal.ns . fhe areas of the 

Gallup ~;a~ and •. 1esa. de los f.....:--bos fornJ giant steps at altitudes of 

G. 500 .::tnd 7. :•00 feet. r~sp~<:tl vely. 

l\neoth , in the nort •• wcstern part of the suhdivioiou (fig. 12), 

ia in an are~ containing low n1ef$as. narrow alluviatcd valleys, and 

box "anyons. The canyona are best develC~ped north of the ~;an .Juan 

ftiver and arto rin.m1ed by the Dakota ;)andstone. White fv.~.esa, capped 

al{:;o by the Dakota ::tandstone, is the oniy conspicuous la.ndwark south 

of thE! San Juan River. 
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e · The remaind ~r of the subdivision is drain •d by t!-t- Chaco 

11v~r ·and cons ists cf four physiographic •eas infornrally c;"illed he 

11 Chuska Vall-ey,'' "(:h;. cc Plate~1.1, ,. ".i\1onnt Cisco ~.,,csa, "and the 

''erosional plahs'' near 31-liprocl< (fig . U}. ThC> '2hu~.ka ~.-;:t:ley, named 

by Gregory (1916. p. ~4-2.3), is l. rently .slo:::i g .l.·ca b;tw.::e.l th:~ ('ll~SL .. _ 

!» ountains and the Chaco 1-tiver. It con~iats of ;:;.lluvi-11 pluii1S , ·tissected 

terraces, and .. ~oc~~-cut ::.lop~s inter·rupted at intervals by low ctw:::rta~:. 

'T'he Chaco !=•Iatez.u i!: Sl.in'Ll-t of thr: Chacv Rit...·e1·, and, in conpari~H.1!~ 

•:1ith the Chtwk:;1 MountainG and :l:'e.::a de 1~)3 .obos, its rcHcf s<::en;e:. to 

be subdued anri i~s t:rc.file nearly vnL okt:n. Ne r :-;toney ~luttes, !lu ··­

eve,..., its to1'ograol1y is rvg ~e·J ar1d co1:1pdse:- a Bt:!~iers of • .,_,c;<.y rid;:_(~;; 

wnrd-sloptn~ b.ir::hlo.nd ~vhose ~ur .. n tt an·.i 8l(10es trt!nca~:~.. rocks of l :J.lc 

Cl·etaceou..s and Pa.lcccenc ages. The e _ r:::sio'1al plai );.; near :>hiproc;·~. 

t\. 1.:e:: ... . are d ·velopP-ci on th(• • ~anco~.~ ~r.a1c nd :Jre bcrciererl by high 

rock benches and •• ug .acks car•Ject frox ~ san,l:Jtouc unit,., of tb~ ~.~:.nv.:rd•.: 

h:VP>l Of the rlai.n.:-. 
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-- ;" ater in the sedi.t::1cntary rocks of the Bubdivh>ion is tmder 

artesian conditwna nearly ~ver.)"wher€-, and n.any wells that tap deeply 

buried aquifers flow. 'early all the Cretaceous sanrlstone units yie d 

somt' water, ar~d a i ~· 1 wella tap tl.ae underlying l ol~rison Forx;,.atjon 

of Jurassic age. The- chem ical quality vf the ground water differs 

greatly-the dis olved-Bolids content incr·eases fro:u. so>Jthw .. st to 

nortileast across the St.lWivi~ion. The ,et-o·md wat.et' :n.ay contain lr' Ore 

than l o, 000 ppm of dis~.olved solids in the .iVH);mt Cisco ll-"esa area. 

;~uni IV'oantains subdivisi{;'1, -- rhe Zttni !l, .. ouutaitL'J bor:-!er the 

southeastern 0art of the .~avajc country and result from structural 

Z!JOVer .. eni~ that upru'ched the strata that now fOrll' concer.ttric: band~ 

e arOUlid the COr • of pink ;Jranite expo.;ed in the center Of the UlOUntain.s. 

The northeast !1at1k o( the •J OtL"'ltains ig ~haracterhed by strH~e "Valleys 

anct cueatas roded !rcn! bedo of P ertil iar. to Jurassic a&e. TI1e largest 

valley, for.n ed on the Chi.nle .tiorn,ation and traversed by U . • ., . . ~lghway 

66, extends from Fort Vi.ngat~ to beyond Thoreau. _\rtesian wellS i.n 

this valley tap san ~stone beds in the Chin'e i''ore.ation. Glorieta :3u.nd­

stone, and the San . dres Limestone. 
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e -
The climate, drainage. nd , ·ounc water in the t s.vajo country 

are contrullcd. in part, ~y tl!e regional geowgic setting oi the Colorado 

"f- latea.uo PL'OVince and r> ere spec1ftcally by the lam.t.forrr.a artd struc­

tural feature;_, within th~ Ndv jo country. Th~ high border reeion of 

the Colorado· C1 nteau._ G.ncJ the l)_(ljoi.ninc G.ountainfl iJ")flt~t nee tt1e climate 

in the inte:dor ()f the Coloraeo .- ladP,aus 1.md, th s. the quantity of 

precipit~tion availa.bi.e to the underg!'o lJ'ld reaervoir, to • unoff, n.n•.i 

tc the ve1·et.1tion. 
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e - Cli.u~ate 

The ·Navajo country is choracteri:;ed by a wiJe ran{;e of 

ciimat~--fro H se1..nit:.rid below 4, f10ll feet to reH1tive1y hul!~lcl a~ve 

7, 5\.!0 fe. ~t. _ In general, the differences in ell ::nate arc controll~d by 

orvgra)h.ic bar~ier!l sur~·):.m:in~ the Cclorado f-"iC:ttea'UIJ at altitudes 

(Jf rr:.on~ tha.1 · '?. 000 teet • nd y the local r~l et' m the Navajo <'ountry 

un nttaruy parts of the "'olora~.to I· Jute· .JS . BecaU3e tht- ~Y.au·· 

.l.i10isture-~a ring ~ur u, ~;s~es a.re fro...:1 the •. oufu and ~uuth.eal..lt, 

e~pecialJy dt.1r!ng the f:ua .. nter, • 0at of the l~a,•ajo country '::3 · itbin 

a gl.ant rain shadow (.:\ the lee.,· u:rci h orthea..~t) side of ti~P southE:r·n r il:, 

of lJ.te CoJ()r!:ldc.• 'Piatcau~ arlri the net:u"by ~-l ountains in Ne "N l\.exico and 

~rizona. . To a le ·aer C!i~.:rrt, U1c Na¥ajo count1·y is influt'llC'3d orc­

MrapbicaUy hy b hland · o.ro1.~ d othei· naM:s o the C lor!ldo f'late- us, 

wl1i<.:h int rrti.:t ana deflect 1.11. t ... ;ovc.Ht.ent of ethel' tncist'Jrt:-bearin£ 

air .ruasse • 
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e · _ ~'Cc~pitation 

f[1e .~.:ucan a:tu1ua1 preci 1itation on th reservatiuns ranges fron~ 

lct:-.3 b.an 6 iiAc:h 6 in ti canyon lands nttar the Colorado River to !:X.Ol';:: 

t!' ·11 ~0 inches on t!1c Chu.·kid, Carri?.o, and .t..lmi to o • .mtains. vv .rail 

p.l:'ccj.pitatior. !\" t:.ca' !' ochvee (~ BU•"1 12 inches annually. ln 1::101.:~e 

years p~.rts t~f th\1 luw- 1lht.u!.te a1·~.- M receive less thu;1 3 i11ch~s . 

r .cip.ib.tion hns a :'itconrr alld f irly uniiorr..1 r-elnUon u 

NS, the :.ravaj•) co t!l1ry and tbe 

a('jtAn.in~ re,,ions of lhe Cu ora,.. .. o PA1.tenus can be< :;:a~·::a ated into th:-ee 

br cad clirnatic div-isions. 'Ll e~e are r!esignated lnfor.nally as c.aivisions 

\_. ., and C (fir~. Hi}. The r(~servatic·ns are w .o!..ly io. divi.Jie:ns o\ and 

- -- --~-----·· ---·---··------------------------ ··------

. igure 16 (C'ao;;tion on ne>.1. pa~r ) b 1011,.,. near here . 

------------------- ----- ----·-. ·--·-· ----. ----------------
B, \'\,.l1ic:!~ .~·er-eive lt:.£: .. / u.e;:Jan aun.ua.: p:r·eci -)itation flt'I' ·.•n11 of altitude than 

the tn.n·rotuHUnn dtvt.:;ion C . .)ivi':.>ion .'-\.is 1E:cw.:1.rd of the 1ain cn~graphi.c 

!)ar rteor..J, w.1~Cr rain·-sh~t~ow effect~ arc most pronounced. [ ivision C 

varl ":5 w1tlely. 
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Table 4. --Climatic data for stations in the Navajo and Hopi Indian Reservations 
· and adjoining regions 

Station 

Betat~kin 

Chinle 

Ganado 

Grand Canyon 

Holbrook 

Jeddito 

Kayenta 

Lees Ferry 

Leupp 

Lukachukai 

Petrified Forest 
National Park 

1Tuba City 

Window Rock 

Winslow 

"'upatki 

(U.S. Weather Bureau, 1911-57; Sellers, 1960a) 

Length of record 
(years) 

Altitude 
(feet) 

ARIZONA 

1939-53 

1909-57 

1929-53 

1904-57 

1893-1957 

1931-53 

1916-57 

1917-57 

1914-53 
(snowfall and tempera­
ture 1914-26, 1934-53) 

1914-19; 
1938-53 

1931-57 

1898-1957 

1898-1957 

1898-1957 

1939-53 

7,200 

6,090 

6,350 

6,965 

5,069 

6,700 

5,675 

3, 141 

4,700 

6,400 

5,460 

4,936 

6,750 

4,880 

4,908 

Mean 
annual 

precipitation 
(inches) 

11. 72 

9. 16 

11.48 

15.81 

8.64 

9.38 

8.36 

5.95 

6.37 

12. 70 

9.00 

6.72 

12. 61 

8.05 

7.75 

Mean 
annual 

snowfall 
(inches) 

51. 5 

11. 0 

28.9 

61. 6 

9.9 

38.5 

17.3 

3. 1 

5.4 

9.9 

8.9 

30.6 

10.5 

5. 9 

Mean 
annual 

temperature 
(oF) 

49.8 

51. 6 

48.7 

48.7 

54.8 

51. 6 

53.0 

62.2 

54.0 

54.6 

55.0 

47.6 

55.0 

57.3 

----------------~-------·-----------L--------~-------------~-------~~---------

NEW MEXICO 

Chaco Canyon 1933-53 
Nat. Monument (snowfall 1933-57) 

Crownpoint 1915-57 
(snowfall 1915- 52; 

temperature 1931-52) 

Farmington 1942-53 
CAA Airport 

Fort Wingate 1939-52 

Shiprock 1 E. 
- l lfj-

1928-53 I 
(snowfall 1928- 52; 

temperature 1928-54) 

6, 125 

6,978 

5,494 

7,000 

4,974 

8.53 

10.24 

7.96 

12. 41 

7.35 

18.4 

26. 1 

32.0 

9. J 

50.7 

51.2 

51. 6 

49.7 

53.3 

__ T __ o_ha_t_c_h_i ______ ___.. _______ 1_9_2_7_-_5_3 ______ ...__ __ 6, -8-oo _ _.__ ___ I ~. :_1_ 2_2_. _4 __ __._ ____ 5_2_. _o __ _ 

Bluff 

Mexican Hat 

Cortez 

Mesa Verde 
National Park 

1911-57 
(snowfall 1911-52) 

1931-52 

1931-57 
(snowfall 1931-52) 

1922-46; 
1953-57 

UTAH 

4,31T 

4, 250 j 
COLORADO 

6, 177 

6,960 

.:~:: 9.9 J 
~-

55.5 

57.5 

13.27 39.0 48.8 

18.42 ---- 50.6 



e · T.he n~ean « t!lltt.3.J pr~cip1tatt.-1n r.:t.;~.sur~d i. the W(:atb:~.t at -

tion& in eHher cl rr·~ti div-isi.ons .,. ce I' ·a<:r plctted against the 

altitude of the st tion, an{' the 'lata fall ir-~o a ·UGtinci. il~oup (fitr. 17). 

H.t •sing t e r.e ~· tion t€-hveen t!"t~ pr-cclpitaticu and ~ltitude in t-1<:i.Ch 

clivi"i•.m ho\Olon by the .1S!:~.ttv~· ~i"l~Ts i (fi;. 17}, ani ·hyetul:nup of 

the 1.~::L~ anm. l!~:·.::c'pitati.or! \ t•_. 1n was !)rcpat~.,. ether iaOi'lyetal 

r;.-i ps (.)1 uori.hea;:; tern :;:·iz.o:na -nd r;.orthwestern _ t w 1·.. xicn. cl~ owing 

tlK' e.•.reraFc C ctobe:r to 'lt.riJ , 1\\vcra:,_~e :v1ay to ~ epLmbcr, an aver ee 

annul.l precipHutior, ;re:-e pre:.}nrect by l!.iatt (1053. Ai, • li. 7, 11. ~. 

and 11. lti) utilizing- gra-ohicel .md mathe,~.atical rclntions betwee1 

')t c-cipi ation a td the effe•::tE; ~f to.r og-t'~phy Q.nd ;..Hitud -· )n all ~hese 

m~.ps, Ji trlbu ior! &11'\ am~•\lnt tf .r clpitatio~ ·: j_~ur c~1t1y nrc inf!~vc l:ed 

by ll~;'\d:: . !etHl.# · Afiance : l..:~.teau. C.; 1ska .. ~ Oi..ll1t.:lln!?, ~nd tl ~ open 

valleys of t .e lJitt!e Coloradt., ami .,h!'"'.cc F. ver~S ar.d Chinle ., ash. 

-~"rt?ci~.it ti.:•r: 1 1ay chanG" .• .. bruf.tly <l..l. g· th~ bounJnri.::; · uf ihe hlgh-

lanr.s, a i: . .'teat d h; · c D.tt;p .ri.:ton of recc· .. ·ds at Lur~achui·ai and 

-l'e6<.t..a. anc.l narr o\·t canyoM -although they hav~ 5fh.l to l, DC !ee oi' 

relief--affect th~ precipituticn patteo:·n on'ty eh~;!itiy. 
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The ii1eru.t srm -...1 :mcwfall ts ... daterl. to ten-:.ve.:atnre and n ore 

clistru1t1y to pi;:,sio~-ra.plly and a.lt.it.w.le, althoq,ll ·.vind . ~xposu e, &.nd 

othe~' f ct.ors cau.se: &.'cnsidet·e.ole vari:uion in fH1(h/ accu.n .. u~ation. 

·--~---------- ------·----------- ------------------

~ce-_.J; 1 .. and .. F'e.l:..ruat'y (f-!i&.t~. 4 9::3. p. 186). ,'uc-~:uer precipitation 

r·a.ng~s frc ..... ~u to 65 1 <~rcent ._)!' t.1e annual total (i\t:cLk:::-rr,ald, 19i)6, fil-;. 

71. In &m-:.-:.e ytta.r pr<!d,)ih\tivo n.Cty •'Jf.!lil.k to BO!"L~e exter•t either in 

:·· .. ;.;rc~b or ::.p.di or· il October c.-r f·kven.bcr, thece 1-~ru:..s E:nd to be 

su-rg~stin;.:. this are;~ i£ iufluencf>d inter ... A::.ittent.iy by c:limatic p:'l.tterr~s 

vi the wek!t~Z-:rn H,O<"ky ,v.ountuinli {TlAorntbw.ahe-. J ~4'' • .fi; . t,:,). Th•.J 

tW"o Jdest wo.nth.s ar • 1·, ay anc1 .hme, w-h:l.ch gencr.:.U.ly r~ceive lese 

than 1 J p$rcent o·r the anaua.t }Jt·ec .. p:i.L\ti')n. 
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Figur-e. 13. --1. np o tr_e.• t ' ovajo a"1r; Hopl .u,di:u • .tte!Servs.\.hm.s , ..;Lowing 

.d.:.ean ann:.~al flncwf.ul. 
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e · 

arc conceutr-: ted vn U!P.~ ;:; 10.1~ ':igh i nd.i <..t ahitu ·-.:. hQve 7, . CJ,_ . 

C(' l B 1 to ::! .t.1cter, .:1 H>.e:' :aini·l!} .!.~ co! ce:rtrated .r.uure 

en· rally it> c:: ·· tribL:tP..J e-.enlj . l!lt\."n:.Ji.ty €. ner- .ly 1s ww and proo-

ab.Ly contri ;1 te.; ~;ubstantir;.;.Jy o gruunr'-watcr recharge. 'Jbtistical 

-.. :1cr uf the p!'"ecipilation u1 tl r spdng ;:-ad f 11 i:e) :..i: .... .ila;· to tha~ !n 

the wir:.ter. a a1ow d ~i..,.z.lc. 
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'I'll~ amount of rnte a..11·\ apdn . .)recipitatici •. • e-ffects t e 

sprnt: rWloff in the inh.rmi.tlc 1t l'r.ach ~s of streal 1;; arH t Le aJ ,ount 

.tnt~ p ,rt (li J . .me, tht::: •• .rie,·t l.., ntt :u ()[ tht yea·. In dry ~vca..ru, :r vLbre 

'N n;], 1. othoH~3 in .:;an<3m.one collect 

· 'ti.tw ... ~ 

• 1J1 ~~ anc! 1, vGv fe~t) 

.. tz ... -



e · 

f . ')} lg. ~ . 

--·-·--·-------· ---·--·---- ·~·--·---·------------

'f<'i;~ure 1 ~ (cs.ptlvn on ne:s:t page) belenge nesr- her·e:. 

Litt'le Color;1.do lUver, aHhougb the di.ffereu(;e in aJ.titude J., ab<htt J. ::u•.' 

-----···---------------------·------ -···--··-----
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e · 

t'igure 19. -- "' c.1tt~r cli~.brran.l of " ! !ltucie .md mean unnW:ll terJ:tpe:a.·aturt-; 

r t lndicat ... d fJ. '. \.-\ eath~:1· Bu.reau sta1 lens in the r.,.vajo and I·iupi 

Indian Re ~rvatioru.i and a.djt)ining rf'.gions. 

l rigure ~0. -- .tLp of the T :waj;,J and Hc•pi lnchan Hescrvation ... showing 
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Ttcre ~re few weailler staticr..s i..1 the Cv1orL.flO P!;J.teA.us tha~ 

.n.e>nt:ure wind velocitJ, ru1.d only tw0 r~?cr.n c~ •ir:c:i 'drecti.on. ~trang 

winds are ~.:cwmon in the ~. o1.,thern ?Rrt of the pl.ateauP. ·r·he pl'e'tail!n~., 

wi:.lc s are SO!.lUrwe.:ite:dy, S!thcug!~ s ·-Llth..:: a3 h:rly ana ",:;-::s lJ soutt·rw;z~:t~.~r ly 

._ ... ,ph (r· .iJes per hou.d, but a rrax.in lHL i;!~t"CJ of 68 -·'}•~: h'!s neen n::­

cor.ded at ,·;inslow (.~acra, 1950~, i.alae J~). iaeh-veloc.i.ty .. -..·Ltv'.ls 

BoUn·o~.Jk and 1,• ins lcYv anci el3€ \v t .q·e in f!.; ::my pu.t't.s of the :·Ja vajo 

ccuntry. 
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-- The distribution ar.d . ·ientativn of dune.; and directioM of 

cr-(.;-s,3beds in othel~ e lis.n clep.:1: its indicate rc~~ton· .! w1ud patterns 

rlu .. i.ng c;:u t·~r·nn:-y and 1' rt:iary tln e. Longihtdinal atmes of l ate 

Plei.;;otccen und .~c&nt Btes a.r . a1ine ! to tlw northe ~Ji., except ir. 

th. _..tount Cisc •. .l 1-.~e.::~·. "J :ler:. they ar~ a.Uned ei.'&t-nt:.rthe tw 1rd 

{fi;• . .&lL U !,er u ea c<\'-r.posc~! of cit•der8 '·"erived from ert•p ion~ 

Fig·..tr~ 21 (c .. tion on next pa&e) belongs neru• l~ere. 

of late .r'l.:!i! toc~nc an·e in U1e .3u f' ::mciaC·J volcanic field ere f r::,ed 

t;!l he nort~Aeast 'Jee IH d) !:llo ·es r f lava fLo· G nnd low fflC(i&tS. B rch .. l'"~ 

<h.u~e. havmg th_i,_• c nvex (w;. .~. W-:lrd) '3ide to U1e "Cut.hwest aud other 

n.odorn d1.m~r3 arc ctivc in s ~·ver" 1 part:::: oft 1e reser•.rations. Ctb€r 

dun<-'~ of prc-lat~ leis .c~ ne-t.~o,;t-Tertiury a e {V~L .de terrace cle­

voai s oi prob3hll1 e.r .rly f leti~toc!:ne ~ge. 'l ~1ese dunes. chiefly of t 1e 

fzor~ the youn&;·.r wel.l-fm~n 1d :t:n·itEdinal , ... une .... also in tltiS area. 

Bott the oL_.er and yom eer lougihldina1 C:utH~:-3 tz·(md northeastward. 

To the south ,_.f tht.- r-escrvQtior..s, ·.1--.~~·B (19d2, p. 9t>} described a s m -

stone unit ear the bL->e f \:he upper .u e!l.b~r ,,f the: Bid£Jl0chi • orr .. ation 

of f>lioce-ne ~~.,e th. t ctiiipLa:ys hi.gh-.r~- ~lc. larg--scaleJ ~weepL1[t, north­

v nrd-dinpin•r cross da 1->l obably formed as a resnh vf wind action. A 

ait .. ilar sandst< ne ur1~t at th~ base of tbe ochi FormatJ on is ex:oosed 
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e · 

.t'iiJtlr :dl. -- r •. t:.p .,f t .e ovajo :.·.nJ f'er! lr.di.:m 7te.servatio~1.!11 , s:~o ri' 

!" resent pre ·aili.n~ •jnd ci.r ctioPs. t)r .entatwn '-"'f dJ.nes, ~md aJrec-
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e -
along \\"ide Ruins Wash south of Ganado (fig. 21). The oldest Tertiary 

deposit containinr; bed<> of eolian origin is the Chttska S· nci3tor.e of 

Pliocer1c(?} a.5c. Cr.ossbed analysis of this unit indicates that the 

wind direction was from the southwest (\\right, 1956, fig. 2). Thus, 

the past wind move :ent in the Favajo country, at !..east during ti.rJeS 

of eolian depc~sition, was fron . the southw. st and eenerally 3i1 •. itaJ.~ to 

the present wind pattern. 

' 
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Vegetation 

By '), ii. l'ic~/ 

_ _! · cotr:ntc (next page) ne..u· h_ -:... 

., ..,~~t 0 . ·' ( •.• ,,. 2} ,..,.. r'~ C J. ~ ... ~t. .1.1.:-.• ., • 

------------··--·- -·----

t:ood ranreiancta an.r:l ~·H.le;h c,f the a.reo <mcter ctllt.~.vatiot are ln his ·;,em~. 

m~d !.1. rubo. 
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i · , ency r&l ge cnna-cr. nt· otli.st, BHrcat.:. of ln'aac1 . • .ir. ·, vL"ldow 





The l{rruJ.:; ~,shrub zon6 Lv~lude~; e.·:tensive t:tdH1.ru::l.a an.d \\ inJ~ 

scoured plainr: a.·1d is the pGcr.est ran~~~ in the reth?l'V1AtionJ . ~"Dut 

cli:a:Jatf> leadS to Bpar._ ~ CuVt:r; r-ainfdl i genct~fJly lr;8S than 8 inches 

.~hcet nnd ;;;;ully erc.r~lon rer-n,;.t!n;:.. fr·u!.::.l rapid ro..Uwfi fr<..1..:r- hi ~h·-intensity 

f:ltorn· s inhibits f<J!'tuo::tticn of de~.:~ soi1. Erosion dissect ... sre~r .. unci.:::r ­

lain by s.:.:ft :_;haly -::.' -:ckr:: and br~.:res areru:: l)nd•:.rdain b/ hard ucmci£;tone 

and li!~ .li."ai.one. '1 ~,e forL •• ~ticn o:f 11ctive duner;, tlowcn.:.t~J, a, d accor;if;.any­

hJ.o wind ero."\ion hincler:"! ti1•~ fc'rmuth.Hl c.f soi.1 :1nv the .;ruV"rt of ve~;;eta-

ion. 
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The v getation d .pcmillng only (')]1 direct precipitation on tl1e 

wincl·ucoured p.taina · 1c meoow of the gra...c; -slu·ub zone consi~ts of 

isolated. standu of =.~i:ctge a1.d sp· rse growth of .• Lrubs·-pr.: .. t1cipally 

,· ccusion.ally a Jw. :t'1 jurnpcr (J.:..1~y~~~ ·r . } .:;r pinyon (_f ·n ~l~ edulisd 

oo m h;• Chinl.e ~ .1 &'3.1 and the Ch:.L ·· , Littl~ C ·1or.ado, and :->an Juan 

areaa wv: erlain ty the ~ :hinl <L'1d '·o nkopi I~'o.t l"<J.atiuns, the ~ ... an<'05 

..11a.le, und the ]V~ euef~e F orr.tation. 

_ eepfi, in ~reas underlain l.:y a s~1a lvw water tabl , and :.:.dong cbnnne1s 

r...t' epher.: .. H·a.t stn~.w •.. '.d1 princiual tr~-S .:l.!."e C( ltOn\'/{.od ("'opulucii . -------

md .-:an J!lan Rivers and along tl e . er r.nlru rNlchca of theh: tributaries. 

tn t..hc CWlyor..r.; h1 the northern part of thr: Navajo country, .:Jeep3t.~e alct.~.g 

t1 e base of 1le.r.neai,le ... tl"ata is LT1dicatcd by a band of whit~ alkali nd 

by di continuou tir1es of j1.u1ip r. piny(Jn, and ottter shrubs. 
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any other (fig. ~2). !t is z:u~rk.~d by cor.tra!Jt~ of gently roJJing topog-

raphy, ate~o:p •. 1Hsides, rocky .ridge.:., atu.i d ep canyons . The vegPta-

!o 1 is chl fly pinyo 1 and ju:>.l.pe~· n:h !d .rdth tras:J and browse types . 
I 

Range ere~~ of s r;et.rteh ar~ on t •• csa tops, s ales, and aUuvbted 

val!e~rs : bru'rlse spe'-:i reB- r~ ountai.n-r..u.hogany (Ce.::·cC<'.:.~f'U~ ..;p. ), 
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forests above 7. 50(} feet Hi 1', 22). wft_re depend~ble precipitation is 

mo!..~e than 15 lnches _nnnn lly. TilL: zone incl· des th~ coLI~mercial 

timb .1· ate.nds on the . eiianc-:- f'lateau and Chus~a r~tountHins. The 

.... p. ), and .~ed.:,!('S <S:~re.~ .:Jp. }. and dri~r 3ites on lG~ ri ~es and hJ.li.:;i~..'!es 

s.rr~aH l~e:-. en tl.tc &ur.raUt of tbe Cht..\EH-:a. '\" ountains s.nd adjoin the r:t a. 

s ,,al ~tr~>arr.s dralnJ.ng the UefinoCiii! : 1ate..i1l. Tne , c::1.1n.en. .:1ry rocb. 

unitrl do nvt effect ~ tron~ contrm orl tl11!': forr..ati(.•u of ~ c;il ln tha t,ine 

ticn a""e contro.Ue ·by c;,posurc, precipitation. s!o.r;~:-. ~nd the avui1-

bUity of s )U n:oist•ire . 
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'1\ deru ity and as '(.ci tion of zpecie of the veg lation. are 

tiuru • The<>e rel ti us are infh.! nceU. loc 1ly b · to ~our phy I soil, ~nd 

vailey of the L~ttle L.clor d H.iver . priucipal1.v Lcn:ee:n ~. 00 and 

erru1 >.ow ·ainfalJ, it form t.m.e of tl~e; better gra~·ng areas 1.11 th~ 

... 'he mo.jm: gra.seeo are bJack grama CI-O'tteloua ·--s----

Cill' I c'HAJ.~act .dl3ti~ally, t. e plan~ a..,scciation ~ac~udes uch bro\'Se 

{!-\.triplex confertiioH ) ancl ch~JT.lso (.\triplex 
--.A.-- -- . - ·------

~p. ). 
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t• .. wnkon1 ~'or •"\ ation . --T .1 ••• o~nl.o 1 F'or .~..H.:ltlon. consists of -----:.L..:--------· 
siltjr s · udstone and siltstone beds and L er: de ea.'jily int..:. bare l~dar 

sltmee>. t prooucee n~ore barren ran e t.h1.1. n:,• otlu:·r forn ation in 

the Navajo l.'OUt.try. I:n 'lbe valle.!" uf tJ.e Attle CC'; orado >tjv-er, t !e 

-..r .e1 e rairif 11 is low a tem11eratl.lre i~ hi;} (figs. 1 G rct-;:1 20). Ve eta-

tion ie ~nainlai 1eJ o lJ in ton U rJe . r·cssh~lli!J a: u \Jn son •... ge. t Clllo~J s 

where ~oil 1. accumuw.te•J, f<)~r~ ing fllvorab.!.e o.r _as !or re entiun of 

qu;.nt.ity. 

between 3. 1)0() ·nd B, t ~ll :feN. 11:. 

1ace to ple.~c. Rei· tivcly thich ... ; . ,, ... ) 

l 1at.eau above 7, ·Ji}'' feet. but iJvO!' or no soil overlie::J h belo f,, 'J~hJ 

feet i" the vullt-y of ti1e .:..Ji~tle Cole ratio ive:r an! m ..::~iom.o!T ent ru d 

"':1iul Valley . L1 nl' ch c.f tnc3e areas, the CUn1e i<., rmatit•n c.:11 ·-

moru r it:. eroda,j int ·.adlartds, which are d~voio of ve,f;etation. In .u .. any 
""' 

Porr.~ation the ra.l1g~ i good. 
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vegetation grvvih1/ '"n pro ~tl . .ot:'nl sand tone units of T.'ri• ·sic and 

the ~ •. yenia FormatlC.i.'J Na 'iitJo ....:andstone. !.~ntrada :3<· dt"tone, Cow 

and · or daoo Forrr· at ion~. 'Betv.reen 6, 50U and 7. O'OU feet pinyon nu 

juni1 er pr·edoud.n~.te, blu·= ~ .• :aUta is tl e nHti.r. ra.-ss, and l\'orn on tea 

is the p i.ncipal browse z. ecle.-. Ttt._ c a acteri2itiC" vegetation con-

parts t•f the .. r·ea that cave poor so'l r.!ontuin aln1oat pul'~ stanris of 

~ 

c.·veriain by con.sidc~rable dep(:mts of wirld·H.J :m s""nd and <hmes that 

have been ·~tutn.LLz.e'tl by ve~etation, and only wca.L.y are <!'xten~ive 
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e -
ag -cl1iefly the '£', ancor. "1ak, the l\l.en~fee {!or.i":-:atkn •. nd the fine-

-raint: .. :t u .ds 0f the Crevasse Ci.mycm ~d •f{e ;O F'orn~ntions-crop out 

but n:a be gGu-: on .o·v ridges underlai.11 by san~c:tcne ·eds intercal .. ~ted 

in th.:: shaly for.-rJ ... tiO!" .. B ~r\d by course tcr;·ace d~posits or iiL U e · wa ... es, 

ie onded or spr...::ad c.ut on the flood plain ruvl ev&;:.cr.tft .d, alkaL: ity 

tl e ahaiy rod ... F; or Blad· : ~eoa lncJudea. i.1 addition to the above• 

consi~~erabl~ O.• ount of j1 niper. pbyon, sageorush. 
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-- Sruld:JtO_!lt'.:! LUtita o! Crr.::ta_9~~~e. --~and.'3tone units o! 

Cr<~ t~.ceous aL;e includ(., th;~ Vru ~ t" Sandstone. Gallup .3andstone, Toreva 

F·orild!t.tivn, P<..int Loo}·wut Sanffi:;tone , Cliff l1ouse ;:-~and~Stor:.e. lieturcd 

Cliffs .:~and~tone, and ,;;a .. idstone !:leds in tne C..tTVC~.aee Ca.."'lyon. l\·.'.enefee, 

end '•'t epo f'or;:r,~xti ')n8 (fig •. ~}. I'l•t.::.::..e rocl.s have cha:.·acted.stic pl;:tni 

as•iHKiQti(m;J that are clif ·e:rent fr-on1 thcH~e $ ... ·owing ~~n t.hf;;l shaly roch.s 

cf Crefaceo'tlS t:tg\~. ~-:le.nera11y pirrycn WJ.d ;j;.miper- do not gt·cw beh> ' 

6, :,!)0 f~ei, Lut g-.c-a.~Jt.:;; 8.nd in·O\t ~e are Jence-·· c:·wmieo, ga.lleta, bh.t..~ 

~TaH .1, anv tnreli::- ::wt :!.n .~l!!'~·:;ciation w~ .h yllcca, yellow brm~h 

(~:;_;l~:t:~~~~~~;::p ::_~ Pt:_~h~:_g_~~L on:-:tt·e -·.veN: {~~::.del·J:__·~i: ~.!E£~tu~ae). d.ud 

sidt!-.:>e.ts [;;Tc:n.a (Bc::~f"lm.~a curtiJ:.endu~~}. · .. oo\re ti, 50l· .leet these 

rOC! s t'TOio) cut in Ule pinyon-juniper ~~en~ a..'1<i rrem;•rally forul g<lOd 

rangebncl. 
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--
age in tho souLwe:Jtern part of th~ re'::lecvatious haf! char&.ctt1ristic:.:; 

110t found Otl other geolut:;Jc '.:mits (fi~ •• 3). 'fhe cinders _are ~xtrer~ (}ly 

pe-;·ruc::o: .. hle and abeorb nec.rly all tne pracipitatJon-r . .:-•uch of which is 

utilize:d by tl1t' vef.e'Lation--an.d runoff and eru.sicn :1re nc~:!ig-ible . 

aLd <.:OnfJiderablJ t .orl';. J'?.C.:.tSB thu1 in other ax <H::ts ln the ::>O..:~ •• e aHitude 

,.. 
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--
eolitm~. aLlnvia • "'nd te.craco t' ,po:lit&, r~. ntl e: tensivE:: areas (figs . 

. ' 1") t anu .~ • 

!der .. yin& S<~d.in ~ .t~u·y r-uckt-1, and t. ey nold a 1 rgcr pereentage of 

the arulual p e.::ipitatic 1, · s reault, tl.te &.reas underlu.in by ..:.u:.:ficial 

of K.TEIE • and hrow:-.. e. a!.d for!.It t.;uch d the bette.L~ ra gelaud in a.rt:.a.a 

bvec than 6,v00 ftet in the V::!lh-:y of he Little Co.lorado r .. tv-er. Chinle 

-14"-



e - Drainage 1· at-tcrn.s 

l 1 runoff in the re... rvu im .., is to tha (\Jl,..,rado :-:iver, tt.e 

t,fttl Colorado J. ivers. 'fL~ Colo:.-· .do a:-u :an Juan Ri v-ern e..rc 

1 1ver 8yste...... ;':..arly atudies il the Gonl.het·n pf.t.t. t d th(' Colorado 

'.Plate us by Dut~ort On 2}, Da .rw {1 001), Robin~ on (L.ti7 and 1911J). 

st:.rfact' forc.e l in n~i 'dl. and late Tertlary tin.c . i.'he ;;;;ricd c1 ?rosion 

repr""s<::r!te"cl by ttdlli s .r:-fac~;: 11a:~ been knuwo g -~!' · ly 3.5j i.be Grev.t 

'":en:1dahon (Ot!i.ton. UW2) anti tho Plateau Cycle {Davis, 1 SOl}. 

.·r•trcnchea in ctLUyons an v· .Ueyc, was called the · Cauyon Cycl •. ' 

.. ecent .geo11-o.rphic stuciies in the Nav jo cou try ~ d s11. roundin ~ p>.irtt 
.; 

<;f the Co'iorado ··;,lateaus 9Ummarized in this re!HJrt have :·ubstantiatecl 

g~n~rauy the hypothea~a pr~sented by t hes. early 111vestlgators. 
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Black Point 

Erosional and depositional 
events 

.Downcutting and terracmg 

)owncutting and terrae ing 

t 'ormation of Zuni surface and 

deposition of the upper member 

of the B1dahochi Formation in 

He1ght of terraces above n ver level 

C onfl ue nee of the 
Colorado and 

Lntle r'ulorado 
H1ver in the 

~an Juan H1vers l' ameron-W inslqw 
ar~a 

F1ve terTaces at Five terraces at 

30-50' 50-100, 30, 50, 75- 100, 

100-20 
' 

200- 150-200, and 

300, and 400- 200-300 feet 

500 f Pt 

lwo prqn inent Twu prominent 

terraces at terraces at 

HOO- l, 200 and 400-500 and 

1,400~1,800 600-800 feet 

feet 

. valley of the L1ttle Colorado HivPr 
Hop1 Buttes-Zum f---------- - -- _____ •\bout 2, 500 feet 1, 000- 1, 500 feet 

1 ormation of Hop1 Buttes surface 

and deposition of the lower mem-

ber of the Bidahochi Forrnation 

and equ1valents 

Valencia Few deposits(?) A bout 4, 000 feet 2, 000-2, 500 feet 
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e · 
durin[ ~o.tc Cerozoic time "rt ~ed tLe flop1 ...,uttcq- ,~,~rni cycle. and. c. 1.•-..:· -

..... 11d i ·~' .. ,~~ i ... ·- 11 vJ lr .. ttrtcl (: • • :-~~~ t)_•t (. 0 
..... l t.:. ( .. , t ·~· ~ ... v J .- - J -

' '· 

l lc1 wcene age l ~id d:-1\\'ll in the t.p::~:.•r· rr-- il'ht:s of . trcar •• s 1.!1 the 

are contiguous Ni~b nJluviu.c :··e 'erred to ac; the ~1cdditv Forn--ad.on Ly 

, • ., ' ( 1 Cl"" I'J nac. .. ·~~..:. . p . 

. ,, 
~- 'i I 

in t}le Ga1lu;> area . SL1 i.tar y, t"· · a] l ri ·.n; ln the upp r p~r~ of Chinle 

terr:.ce ~ eposits < 1.:w; t 1e S.."':m ,han !U.ver. 
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--

Deposits of the three lowest terco.cea in the Ghiprock­

Far.J:i.Jng;ton area, between 30 and 200 fe~t t.bove the San Juan n:iver. 

are continuous upsh~ean1 along- th8 AninJ:lb 3Jver to Durango, Cole•. 

The highest .or these depo::nts merges with the outwaeh sediment of 

the. Durango glaciation. The deposits of the two remaining terraces 

are 'or·r~lative with the younger outwash 8erlil:nents of U1e ··.~ i:.:;consin 

glaciatio _ of Atx. ood and l\~ather {l 932). 'C1e deposit£ of the tltrce 

lcwerr:.ost Viupatki surf ces along the Little Colora.do River downstrea.u. 

from Grand Falts, l:-dsed on field 1r.apping and !ithc.•lof,ic studies, .1re 

lateral equivale .. 1ts of tht::! out ·.rash of the thre<::! .:;laciatlon.s de···.cnbed by 

Shat·p (1942J on -::an ;•'ranciscc ruvun~ain (Cooley, 1 962a, p. liJ2-11~·). 

·~-.he r<?la ionc- L)f th~ tcrra<.'e deposits in lh:::! :·;;,...v· jo coun•:-y dth the 

outwo.sh ii: tLe Sa:-1 Jqan Mountains and ,~=tr: 1.•'::-ancbco I\.om~t::;t~n '5 ~ggest 

that d;)position occurr d du.t'ill''. the elaciaHon!:i when the "'tr ··au.s ·e:-~· 

overloaded and H. t the J."lterve!1ing periods of ,lrJw .cuttir.g ~'lnd fot'.lt.at.ion 

oi tht'~ tcr.co1.c .;-;:. art:: correlaU.vc with the dder inte~· g ;J.c;ialions. 
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.... i axlmurn entrenchn,Emt < uring the Bladt. Point and ~ /upatki 

cycles· it the Colorado • ,iver ~y~ tem o<:curred in !V~arble antl Grand 

Canyon.e-as rnuc;-.a. as :!, 50D feet. Ups're n:. from hE' G, and C~nyon, 

the aepth of cutti 1g d crea.;ed nro·,:re.-:;~ive1y and ~~as 1. oOO fe ·t at 

U:.e (•or.fluance ot Hl Colorado and •=ar~ Juan !Overs, about. 1, f:OO ieet 

zeneral y lese than e:Jd feet in the upp r rcadte9 of Chinh: '.: ash. the 

Chacv .Piver , a.11d th .;uuth-fl.oov~ng trituhlde3 of the Little Colorado 

£aver . 

Structu al acih~tment "..>J. tt;e Colorado l.ive;_· sv..-;tc:n ------- -----· --·-- --- -·- -------1::...--- -

. :. th~ r.olorado f ::_ '-ler uyster 1 d£-V -loped in late C ~no.zoic 

Colo··ado lateaus. bupe:rposed drainuge is indicated ce:lecially by 

-
the O\'erall cast- west tre .• d cf tb~ , · n .. r a~ ~-.iver aero s th ... uptw.~ttf"d 

.cocJ·s en t(,nur::. ent <1pw -:-p (Baker, 1936. p. 80) and by the !!'louthwe._t 

trends o tributaries of th~ l itt::.e Color ao River, v.rtllch :u-e affe<:tt:d 

.;p"'rirnpositton of.t,!e Co ora.·lo ~iver sy:::tem on the tilted sedi-

ro('ntary roc s vil:tuaHy . ¢:.3 co n!Jicted during th. · 'alencia cycle or 

betor~ "'liocene ti :.e. 
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-- Table 6. --Relation of streamflow to geomorphology in the Navajo 

and Hopi Indian Reservations 

(Records from U.S. Geological Survey, Surface Water Branch) 

Annual Stream-
Stream streamflow order Structural adjustment 

(acre-feet) number 

Colorado River 12, 300, 000 J) 7 General trend slightly ad-

justed to basins and up-

lifts; present channel 

slightly deflected by few 

anticlines and synclines. 

San Juan River 2 014 ooo~ 1 , , 6 General trend partly ad-

justed to basins and up-

lifts; present channel 

moderately to slightly 

deflected by most anti-

clines and synclines. 

Little Colorado 147 ooo ~I , 6 General trend adjusted to 

River basins and uplifts; present 

channel slig:Qtly deflected 

by anticlines and synclines. 

South-flowing 50,000-5,000 5, 4, 3 General trend strongly to 

tributaries of slightly adjusted to basins 

Little Colorado and uplifts; present chan-

River nel slightly adjusted to 

anticlines and synclines. 
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e · Table 6.-- Relation of streamflow to geomorphology in the Navajo 

and Hopi Indian Reservations-Continued 

Annual 
Stream streamflow 

(acre-feet) 

Tributaries of 50,000-5,000 

Colorado and 

San Jui:m Rivers 

South-flowing <5, 000 

tributaries of 

Little Colorado 

River 

Tributaries of <5, 000 

Colorado and 

San Juan Rivers 

1 I Grand Canyon, Ariz. (1923- 60) 

21 Bluff, Utah (1914-60) 

Stream-
order 

number 

5,4,3 

2. 1 

2, 1 

3/ Grand Falls, Ariz. (1925-51; 1953-59) 

Structural adjustment 

General trend strongly ad-

justed to basins and up-

lifts; pr esent channel 

moderate ly adjusted to 

anticlines and synclines. 

Strongly to slightly ad-

justed to all struc t ural 

features. 

Strongly to moderately 

adjusted to all structural 

features. 



sqwue :mile. . lr 1ermjttent interior r'«llnuge pr-eva.i.ls wr.~e~e th;.'ough-

co,rer·ed plains, eb ... orb. a c~nsi··le ·a:..,_~ part ,,f the mea;;c r runoff of 

d llthe.:: hig!lland·-<, ~on 'itiorm arc sin.ila:· oo 

o~nl=.opi l-' late a:: and nea1· 1\ •e:dcan '•J ater. (\nother large arcc:~. d 

fe •t t"! d e.::~l lties int a sr:..,al1 lake near the o d Cow ~prings Trading 

to for.n ... and s .. par< i:ed th~ ~honto .~raf":h drainage frm. the trunk 

r .opi ~ !:Bh. t._;regory (lGH>. iJ· 44) r~po ·ted hat ree.che.d vf this 

w ··h Blld the 11e rby Bcgashibito ·.r; h re se J!U'atcd by drifts cf .. and. 
- 155-



-- i'hc areaB of intermiHe,t intcn Ji\1 :lrainu.ge. about ::? , 000 square 

rt1iles, 'prl:vail in aH parts t•f th • Navnjc c · 1~nt1·y ~xccpt -... eat f .i:.cno 

..... .liffa (fi 6 • ~). t'"arts of drainareH are isolated oy te · 'porary ulluvinl-

fan end dune barriers. . .• o.ny §l'Ulll e~hen~era, la.Les. ~ t;; t~lficc.t hy 

Red Lake ...tt t'rma.!~a Tcadin;; l--ost al::- 1 ~ : wenh 1->i .~,-a;: b. a.Yl~;J l'ot.: . .Jti 

plaln6 i1 .r.1ediately upc::trca.:n fer:;. : an c..in.Jvial bar- .i'icc. During he:1vy 

.... n ·· alhrvioted fll;{ts devoici. of ve1!("tatic.1. 

to irregul&r :n:·ec;piLat.a.on. Lcca.Uy do; nstteru.~ fror.n j al'g 6prin~• 
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The uvera.ge ;;umual runvff ori:~inatir:.g wlth!.n the reservat.ions 

1~ sbvut 4~J.or;o acre-f!~ t, ba.:.H!d <.•n r'.aps prcpureli l3y ~~ .. ar F·usby, 

hyd.<~a.ulic engineer, .J. ':1. Geolct:ical ::urvey (wr ltten coL:.:::ruwlication, 

ll160). that. modify maps f!hvwing :::-elations .:>f runoff to prccipliation 

(Langbein a.."ld oth ... r ·, 1 :;4,,). £-. t:ch of this water, hc.:wever, evap!)ruted, 

pt'!rcolates into )e\"riieahle edi.u .• c·nt'3 und~~z:olying he , treaJ.:J char..tlels, 

and iF.l diverteri fm: irri ation. , rean:.flm¥, il:dicated hy <~H!as 'rc­

mentJJ near the rnouth111 of ;uo n ;Opi \'Vash and tlJ~ I"Uo Pu?.r"o, is 

bout ::o p~.:rcem: 'vf that c•..llc:u.lat ·:d froo~ ~he ruaoff ;: ,ap .. prepa"·ed 

by Bu by. It c::.':l, lhere!c•re, t, t~e .• uced thai. t:::·an<:>.;,ioGio 1. iocsea 

a ·~ about 50 percont. Ii the He strean:s ar~ renresent.ati'.re, lLe toiaJ. 

tt·ana .•ission los&.es each year· fro~.d str~~Jr,·~ vrtfina.ting it~ H.e .;·!2'c:erva­

tiGM • re bet;Jeen ~uG, O~JiJ ~d 250, •)JU acre-teet, and the rea•· .ming 

flow that leave!:! the l~es<.:rvations w-.td reaci1es w~ Col .·t'<Ado and Sa:t 

tha11 .21. v. dDO ere-feet. 



-· cHm~lat streo..m.ilow fror. the x+edc-rvatior..s is em· li when con:-

pru·ed. to the avera,~ ar.n.in.J c'!schargc c..f 12, 31 G, OrH~ ocre-feet (! 923-

r30} ot' the Colol''&do : ,1ver •:tt c~rru•.d Clmyon. ')!this att:ovnt, 2. ··14, JCO 

c.cr(; - eet per y"E.u- is \.lit:ichn.rged ;...y the Jan Juan Hiver at Bluff, Utah 

'l 914- f'O) and 1·k7, OJD "ere-fed per :r·e.H' Ly the L1tt~e ColorMo H.iver 

at Gt~ ·''Falls (192!.>~1, 1~5 -L.9). The tOV of the Colorado.-~ 

.Juan, and l.itt.te Colur..,-:.o fHve.rs t~at Cl1 0tiftc:\i3 or borclt:r:a the l:'f!S . l·va­

ticn• i~ dei'ived pri.ncipa.J.ly f1·v•::.• the high border r1Jglo1 s of the 

Cob~ ado ·' .ateau8 a.n(.i iLi not lli.Cll!' 17>o};·ated dh·-· tly ini thf· '-yydrol0£1C 

t•_vntf'uy cliBd UL'ge .rrt.:ty' le ... rJ~;h as 133~ 01.:~} ds {Leen Ferry. . .d.z., 

J-:.:nc 1;:;21} uno 31, SJO cf (Bi lff, Utah, .!':i.ay 131i), im· thest? "'trearns, 

r~s Jl'!'Ctiv~ 1;{. '·L:ea..ntftO.ll of ~ohe Little Coloradc ru. er ie hi _:heat dur­

in:_. Iv arch ;.md .!l.priJ and .\ugm:.1t and ... .epteJ~Jber-aiJ ,ut 8~ percm l of 

the non ta't flo v !or the :rear. 
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e · "Guncff ( i the atreanl.G trf::mtury t1, the Cc.lo ado, Litti.e Colt;t·aoo, 

a'Y!d is controlled '..z..:cgely by four i;;..ctors: (1) interce;;tiPn, (2) trans­

r:..is ion loooetf. (J) nvnc::.Jntribution by intert,al dr. n aet;, as d t4) ef· 

·e(;t of eonvectl .... n: .. l. 1·. fnmh.J. turw .::systen s. 'L h. unconec idat ·d 

-=urficial. depvsits i.nhwc .pt ar.d absor-b 1 ·~,.,en cf t.i.e ;.n"ecit: itatin~ u.nd 

the a.ccon.pa .. t1y'lng ovedsnJ and channel flow {fit:. 6). l\, 1ch of the 

.,,nL • thus inte1 .cpt~d is rett:uned. r.ea.r tl.,e :·~ .cfe_(;,: a.n-d is f·v~r urated 

creu.~-.:: lo(;~£Uy i".. vth~r areas. ~~!O!:.~t oi ll.e CU11CIC1' Le1-o.v 7,o:_u feet 
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. j,.- ~ge sp-infi or· 3ever :l 3p:ings 1.4811' 'ly r'is-

th~ tlo1A' 1 contin ,, ua. 



durh, r Jna'] to 1\.uq;LL t 19: il , II' ~, abou~ b ds, ne::.!rly t vo- thirds of 

wh.ic 1 ts contrirwter! by l'~ava.~o Cr "elf . This fig-ure is lij;;hly cor:sc va­

tive; :>:-..md and slit ( ~. )oaitel at the n·outh;:; of t1~:ibuta.l'les bJ Hw colorado 

pn.;sed thn~ . .~. ,h tht_..:e r·crosits c.t3 1.mde. flo·li. 

countr ·. Thr Chu !~a :ond.-;;tone , D·e CheHy '""':1ndsto1.e, a.nd other 

'rt'atcr-hearinn- ·ud.t.r;- ~enerally at · ltitudes het·.vA~L1 7, 000 and 9, 000 

feet-are i.n ~'. vantageo 1s r·Ly:J:ior, <.-:.phic pos.l jons to corrtrol ~~nd main­

t ... i.n pereru.i 11 Ht.r·crHl'.:: by tLe ci."' c aege d g. ou d r.:tter. r11a.ny la!;;e;, 

~!'(: o:n w~~ d n.•; Crn:1h1. n· oum .. ~inc, 1'3o the !.Ol) oi the Clnska Sr..n,!-

.':1tone, whi.~h uid ir~ ~!.a r-~~ ,ar~.e tc t:~e 'hUHka {iiE-. 2). ....on1e of rhcar! 

la~;es may be: .Je.·cnnial, but t~'t-rs ·hat can~aillf:ti -rater in HL~~ ·.r:ere 
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- ·· "fs 'lc, Wl:aatfi lrllit, w h.is..key, and Coyote Creeks iorn. a 

tl- ~ough Cany.:>n dt: Cl.cl y and eventuolly ioinR Chinle Wash. T!jrt.ile 

Cnetiy. The f10Vf of th"' other crt:eks disstpates befo-r·e entering the 

by evapotr ·,t1pir iion, and :"'y dtve1· ·i m for irriJati<-'"'' f cvrnfields 

h .U.v is oerennial v ~ 

,d that in Canyon 

, 1elly ""a.t1 .:j_s tone . fJownstre • fro n the upal ou.:crop•. thi~ flow 
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Sho;:t-ter t. streah flOW !'Ccord.iJ <...t the dr ·ua(3cs a..::.o:nt; th~ 

west-erti e.&ca;;.-p;-!,ent of tl'">e Ci.l..l.<;l..a };.ountai?:.s h2dics.tc that the dts-

burg • a.nJ l epe. nl g, 1954., ~·10li'! 1 1
• [.hn·ing the ... rvwiug si!'a.~.wn, 

i:ir..;n )y r\pnria.r.. Vt'getaHvr . .·utho\l~!l· th·~ .:. ngnHnd of l.e variatic:1s 

haD not been 1L •a.;;;vrc•~, t.servatiQn of ~.lh~s.k-ey an'~ Coyote Creeks 

shov. c:~ that the ter.n1in· .1 l·d.ntg of flc Y n ay vary ".r.>re than a mile 

betwe~n I.:i · rn.· iJ an ~ lat ~ aft rx·.oon. 
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• · any Sfl-?.11 tt-ioutaries d >lacl Creek are _renn.ial n nr the 

ChnA a 'I' .uunta.ins a -.. c1.lo:ng the a.s •>ide of the L'Cfia ce Pl' .teau. ' he 

IJr'i:ri i at tJn .s arc-; "<.,b.'ili...IJnlh and BueJ.l \\~::me and Benito C('cet<. 

fohdi..l.ck>.nih ,<, ·~1. , r 1. Ln, To(li.to Par • i.o f~d by :)rinBt• in the 

wa.+e.r l 6v et d into ' ed Lake . U 1de.t.-

II w f ,~,.,m r ! di1donih ' ""h s P} le Hmts the gi·Oti d w!tt..:>r i:! . Jluviur •. 

iu ·.r. hat t.lrd ui>!y • , s )tS f~ru1er channe:i so·~th of thP 'I' hdildanih 

,. c;..f ... t. ·c. 1 {.\l~er .... , i. c l..f •• once, ~nd ··1; rshba.rger. 1 962. p . a,. 

,. ;·uyon we.::t o.f .. ' urt Defiance, .:c~ceive.~ w::-oter frCH• the f.;e Chell;>• 

< ~ l11,;1!JtDne ;.m.-i tfl ·._.pa ror,.n~tiOn . T'r € .:JhUll~W aihl 'i l ben~ e 

tne -:;.··.: ~{. fur.)iahea a ' erP.ndublc sup}.•ly cf water to the con! unity 

.ur:.tai11 , 

~ n s ee 'a.on and :1 ;a.,_. other ,:)n.al1 w si.e, l eru· ,.,.,oudlenu are 

pe ren ... ia1 fer i.i · ,;.~ •• t. ilCt:S 111 thei:r U?,P~H' wst reacw?s. !: . ow . ver, 

iitUe of tl.i ... C w r~acllcs 'l.he ..... b-.ta.~o. Vul ey area of th· ... ;veste.r ::;. 1 

Jua . .:"l b !J3in. TrJ pe • .... nma f ow a l.c.i th3 of ln~.~u·ous e1 rings u~e 

... aintr>Jned by rotJnti.- w ter di2charge a.i.ong the !J.sc of the Chuska 

~l dston • 
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I_ecent fiuetuatioos_?!'_2-he~J!.!!e~~~·~~ --Chhngea in the 

.tJ\!"ear1 ·regimen dur.h1g the last 4, )OC ye::>.:·.-; are indic:1ted by a.lt e4~nati.ng 

pe:t:·iods oi erosi n ami O(~positic:~ in all canyons and valleys of the 

Navajo country, although the nun.Le1·, ma0nit:tde, am! d-uration of the 

e-.·ents differ fro1. drain3.{;.e to drai.r1ag• .. and alona rt~ac 1~.s of the aame 

draituif. e. These diffet·ences a.re indicated by the diatri!:n~tion of ter­

racelii and local ax·eaa d all uviation wng the pres\.~nt main drainage­

w~ys (fig. 23). .1. he alluvi 1-e~~o:sioual sequenee 1:; be t ceprest3nted 

F'igure 23 (caption on next pa!Je) bolon:~s . € r here. 

~long !.toenkopi, ra!bi, i · ~ace a, and .Jec1clito ··• ash,;s, and parts of 

tile H.io 1 .. •ucrc .. :') an 1 Laguna and Navajo Creeks. .cill thcce crainageways 

are elvngat.erl and contain few lal'f.~'::! 1.cibutaries that join the r. .ain 

stem at ri . ht angles and at si ~·nificant clla...rtge in f~r adien~. The 

equemc~ is poorly :· prese~n.cd <.ut'r~g Chinle :.:a:zh ar1d th~ 1cwer 

reachef! uf tl-e Chaco River, whece rn ny trlbutades have 3 rcl tivcly 

sh~u·p change uf t;;radie:nt l:Hafcre j..,:;illing the rnain ster. at ;::.early right 

~ngles (fig. 2 '' ). 



Figc.h'C 23. -- f·wp of the ~· a.vajo ~.md 1 ~opi Indian Re~;;er·vatlmu. l'!>howing 

the a.lh~ ial ter-ract.s cf .. 'e<~ent afe. 

-16(i-



--
1 • 
. L .. ;I' 

'1 0, • ...... !..' 1 ~(. 1 > < e 

l r; ~b . !l t: , l ; ·r 

· f1 Jf: •• :.) rSlJt :· 

13 U. 

. ' .. 

of t :r -

.. ! ="" 
.... ! C• -

· s ·1.r s: om 



'Tr.e event..-; a -so iated ~~·it .. th : pr .. • cnt episode of al'r(>: 'J ,·ut-



··It .e r !.1.·-lct uat · m s in t' e stream re .)ruen du i_ng historical 

tine m'::.tude c Hill ·e. i.i.l. the le;1~H; of r rer.unllll r·~aeh s of streams 

Canyon de Ci•eHJ, nd other 5tr~aru d:..1rint;' 190 ... -!~ {(;.regory, 19l6, 

~4). ..u-1.·vyo 1 t'tetv~hin~ '-·~low the Natcr table, ho·we er·, m y have 
.; 

---·---··- . -------~ 
.fit 're ~J kapticn < n flttxt }.J&ge) belongs ne.:"J,.r here . 

----·---··------ ----------------------·---·-··-------
exte-nde-d j.:.c.;reru ial l' .:.~ _he::. of aevcro.l ·tt"~aL 1c. This is esp ~c:l. tly ap-

1 "'17, p. .t 3{• , · ~ .;! c. v 1 0r. ~he old ;. •• · rr,h .F'n.ss . A:cb. topl)grap 1ic 

-169-

·"" 



e · 

-170-



1\ flu ttlt.ttit;.g stre:lm regh~ en <h ri g the 20th century is in­

dicate-d .by a continllOU3 decline in str· a-·.flow. shown by the records 

record of the Col ;:Jradc f ivt=~>r u.t l--ees Ferry L.ay be hd .en as rep-

re ·entath' ·of :v11at n.ay h. ·e occurred on the .. ·csoei'V.&tions, y1•arly 

cu 10ff i. on. 1 ~0 - 55 a..~ above th~ HHl7- 1 b~E; llt{Hiia.n of th r~con­

otruct d vi~gi.n t"Ul'h .. ff vn-'-y 3 years, wberea it was bel<-w the Lnediru 

lr. ye rs (.ufo ~Hi\· ilt:.: n, reaerrch er~gineer, n. S . ...... eolot-ical .:"~tn·vey, 

written communic:ution, U)61J}. 
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e - Gruunrl- ~\ &ier Hydt vlot.ty 

Fi:;ure 2 · (captica on ue 'rt p. t,e) belon.h; ne or tl~:r..:. 

·------. --·------------- -·------------
e.xc:ha,n~;_ed ootweei·t SOl JC f th~ basins. ?a.t'"t Cif the ater in l'tOt.li.hw ~:t~ 

a.1 bu.sin moves Cr'\.1SS a .10 v structu.r~.Jl divide intu ·lack 

within the tound ries of tbe res rvuticru; ar~: Bl· c.· ~~ .et1a. 1~. 2f)~ 

.an Juan, , ·>uo. Bla .dir .... 3. 10 , l.aipe.rowito:, 2, !.JOO and I-.JeHry, 

are on 1ht~ high' ... w.is alon th~ Cvl · -.s !::.. tween tL'-:"! ba..,ins. ~~;o~ .. wtnncnt 

3.nd towar·d the Cdorado, '.itt.::.: Colorado, a~d ··an Juan .'\.iJer8 anri 

tilei · la.r, c tribt.' .... ries rathe:- than k•ward the (-en!cr•s c·f the atr ct\.lr.:~l 

about 1. 4' drilled ·vei.ls and .. ;:..0 du w'~lls u\il:!zet:i chi •fly fol' dumestic 

1d BlOC!\ ater. 
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Fig;:ire 2&. -- ·. ap of the· .s.v. :JO a.wi i<mi Indian i~ .. ~]erv tion,<;, :Jhc-v:ing 

ilw ~•ydrdc~gi h . .t>:)in · <llld the di.i·ectiun of gr-otmd-water u1c:veu,ent 

b the con&olid'ltf:'~· qu1f~rr.. 
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Rechar~e 

1e<.:h.lr&e : n., uf-:: .... e irt tne . c:v·1jo {;0 nt1·y is dir ct!y fr·or..1 

in\crZo,;·-

.... . 
C . _,_,-td D n.uHiple nqu'fer sy;:; ·.~r~.~ (whkh .:r·e lTsinJy in the : -1vajo, 

_(tatlt.: . }. 
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The c},ief areas cf ground- later recharge are tht: t -:1 ·ajo 

Uplands. l fbnc .... J. late au. a:.od Chusk an·:t Carrizo ~~!t;tmtai.ns. ~-lo •· -

!rot>.J rcch~rge iu upJand regionB bo:·derint, L c . e1:HH'vation8 :o the 

I'r&"icisco I'lateau. \.ll t l(' !l..leas me ativ? ec~ above pro .. 2.t.ly contnbtft. 

aud, except r ... n· ttu! NavC!l.jo Jplall.ds, the !.'echar.~e <.U"eri3 ar chiefly 

above G, ;.;00 teet and t·ece ve mol .. e than 1.4 1.t1c cs of p ·ec:tpitatbn 

ann l~ly (fir,!;. 18 3U(~ 1.,;). Expoot.res of the s~di11..1Emtary :<.·oc.\.s, 

volca.mc rvckii, a .d s ~rficia ... dep oits th t g n.n"ally f~~tvcl' .r cl arge 

cuvcr rnor"!!' than GO perc nt f tjK' ,~es· rv tions (fl~~~. R a.1d 26). 

------ -----. -·--·-·------
i ;ure 26 (ca: tion or1 n. xt age) be on ,o ncar here. 

-------------------·- ·----

~ 17!)-
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--

.. 
o:c ti~htly folded ::u~ti ~lines. 

ef!N ~1ve for recharge < e in the 3h tter(~d ..:\me fc:r ... r:eci ~-·.-' b. c ... •.l.itinc 

don (.:.3 u~ th~ Ca.rd:.·v LonntaL1s :11td on Nav.-jo ~ •. oun ·-:.ir. 
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-- -\quifers :.re recli rgec! se s·-•naily ~r u. kJ::ecipitatiOfl l.n the 

hi hlrutde principally ir, Le 'Winter aud :1rdng. t,. tx'r..,um disch ... r~e 

of springs .::u-.~.d a ritl ·: of ~vater levels in ,_ few .ll~Jl:::J that '.'l~'>:r(· n-.:easured 

durin!> the ummer. ;: un.n: er. prcdpit.:;.tion iz ch.le1J.y fiUlck do -vnpours, 

and, ven tho,;~h h is b neHdal to ag ·icultl.lre and ;.;:'<tzing, it proi::­

.ubly c-ntcibutes tittle ~:-;rcnr.d-wate.· rechar,RE. 

;i ~gle ztormc =u. rai.1y :)erivdJ;J o! ~ iev. dayn 1 chtcation fttrnish 

·ring a 5tor:tll, wnt~r n.ay be een 

perco atin[f dOWl\WUrd along fractut'~s exp $Cti in overh.J.nging l~d;,;e 

' ~ e •. ercoh.,tion ~s faj ·ly rapid, and ~he w<.~.tct !1.ay t ··" vel mo~e th· 1. 

10 fe .tin lG or Hi t:;.~inute. . _-.s .~ rf:sult of rechRrge fr•Jrr. several 

r iustornJD Le•wecn Cctober 14 to 1 ·• 1961J , w ter levels in four te~t 

holes dril ~d m the ulluv! w "' qut1.rter to half a mile fror-·. r-- etlo 

Cull rado 'vash near rJ·ce, CWt;_d 'J.ra.ai.ng Po 1 ru::.e ::•. vera e of 

n .arJy half a Lot ( ·. '. .\ cell ·1onda, [';E"0logist. . .• ~. Geolo=?,iC'a.1 

~;urv y, written cooununication, 1960). 
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--
.H.egiomu ttv.Jve r..ent of water in aqt.dfer.s oi the Bh .. ck !:. ~sa -

b.asin \~ to tl1e I ittl.c Co.lL'Iracto River~ and tnat in the San .Juru., Blanding. 

connecting hnt~;i; betvJe<:m tht e basins, :md an \Vater in the uppei.' 

tne Cok!'ado J. '!ateaus . 

lne principal hydro-

J.og:c bnuin, occ1.•PYi.;1P rou hiy tHtil' th~ r~se1 vatio~.s. 1 egi.onal rr•ove-

.mr-nt d eround •;.ra.t~t~ is z-<:!Strictcd to t.h.e c. D. and .N 111ulHpl~ aquife1~ 

e. -17 -



-- The C n.ultiple aquifer system, 1.nainly in the Coconino and 

De Cheily Sandstone::-.~, receives recharge from the Th~fiance Plateau 

and frou:~ reeions s~)Ut. of the reservations th t include the · 1ogollon 

Slope, San Francisco Plateau, and the Ztmi 1\~oumains. .Some ground 

water moves westward and basinward fron·, the uefiancc "'>l3.teau, ttut 

n:1ost moves _ northward fror.-. the r ... ogollon ;::ilope and northe:.1-stward 

frorrt the San Francisco Plate.<lu. The ground w• cr r.. oving northw;1rd 

conve:-t;;e8 with that rnovinp, wes tviat·d in lhP nouthe1·n :Jart cf the ~·.avajo 

co •ntry &.ad form., a flow s _yr;;tcr .'"' ti1at is C!··" enled gcneri:i ll y wPst-

grou.nd-\later dlschJ '{?:(' in that area. t , O VP .. n~nt vf "r"O nd W .lter l 

which ie n .ore resis t am to wO">'C .. nt th! .. 1 fresh water {fi f'. 
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--
"{ j .. '!'t'-' Y'l· .:··t ~·'•>• .. ., - .,. .......... _-, ... - '• 
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-- The N multiple aquifer systerr., nw.inly in the N vajo :Sand-

stone in Black 1\ e83. baGin. is rec"1arged principally between lv~onument 

upwarp and Echo Cliffs. \":atec-lcvel contours indicate that recharge 

from the eonth is negligible. Tl1is iA due to the deep buria.) of the 

aquifer and ~.o ii:s t .tinning anr wedging ont southeastward. v. ater in 

th'3 · multiple aquifer ::)ystem i.n Black Meso basin, therefore, moves 

southv .. ard from the recharge area and thence makes a broaci arc north­

eat:Jtwa;.·d toward Chinle Wash or soutl1west.ward toward Iv oenkopi ~·,.-ash 

(fi . 2£•). The m~tn dischat;gc area is alon~ , lcen.kopi. 1,Vash n~a1· Tuba 

City a.nd into the alluvium along Dinnebito and Craibi 'J.. aehet-~. Son c 

vf the water in th·:: nquifer system that ori(-;inates in Blacl~ Mesa basin 

m0ve8 out d the basin into r;landing basin and is diJScharged into Chinle 

·.·.ash. 



-- Aquifer~ in 'riass:ic -;.nd J ;.n•;tssic .. :ocl~:s t ta· le 3) and in the 

naKcta · .:andst0!1C of c ~ ..:;tac~m .. !" are e •. r;:-o.,;co as ns. r,w: ba!1ds ·.~·t~lch 

rcx1~1~ry outlin.r; +.he genera~ circular sh·•.pe of TI!ac: ~ •• f.:s·:& (fig. ~~6) a ·e 

aquifer eyste:n: i.n the southern Black ~\ .. sa a ca ( i!;. · 26). Di.:Jd'~'1.;'["~" 

fr~c. the aquifers .ln .:riass ic ar/ Jurassic rod~~:;> an l fru., he Dakota 

S:mclstone is to the floo•:t-r.:.~~n o.lluviun. alr·nt~ tri.buta:.ies tfl the Litt~e · 

(.'olorado .f~i ·~r ancl ·~·inlc \.ash. 

l'ht· ;ara'::!tun~ uc:nif Jr~ •.1: tl c r'!JP(·l" CI·etaceou~ Mesaverde 

Group (table :!) capJ·Jtn~ l'lack 11eG~l. at aJ ~hndes j,ctvleen ~~'' on aJ c 

8. uOO feet. iD. tte centr·al part of U1e 1,;tructur·al b.J.sin are rechargtd 

only from direct r.n·~·:ipir.:.tion :1nd inftltr..ttion frcn. Si;:al1 otr~ams. 

S1..a~lo- v c~.nyons cut by tr butarie s of he i .itt ~ Colorado Hhrer and 

sn1aU 'old.:: ll..:c-1lizc !he ov~1 :c·nl and occurr'ence of ground. nlter and 

cont.,...cl t.hc cH ·t r·ioutlo11 of <.£r .esir:~.n n.reas . Tlte :..quifer:J of t 1e L e<•averde 

Group ·lrc ::.cpt!>.rated frOLt th ·. un-ieriybg aq tJjiiees by the Mancos ~11ale, 

'• rhich iS ~QQ tO '70 • ~eet Chick l!l the 'T3] ack v1esa basin . 



cnmd. water 

c:'oradc .1\ivc:::- 'H"t'·.·:;>,.~r"'"i ~23 cf~ 01· j.bom lGl,OGU :J.cc~-f~et per- y~ar, 

I. ate Cre acecns a ·,e cover · :,ost of v:estcrn Sa:1 ,1uan ::,asi:J exc·:=pt on 

rhe aqui!e1·o :n 1':-L.:!~ :c !tnd .Jnra.s$ic roc'·s ·~. e re:Lt:i.cte:d to a. l!a.rrow 

older rC>Cl\.1'3 OCCUlJ} the central parts of the :lur•i :v· oull. a.ins and 
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-- The aquifers in pre - Cretaceous rocks (table 3} are r·]charged 

alcng narrow expo:;ures on the Danks of Lhe basin where beds ar-e tilted 

between ~~"J anrl 30"'. The exposures are h~?'her t:b:m 6, f;OlJ feet and ure 

covered by ve;;etaUon ami soil, v;hich t.ake the ace a genera l y favor-

able for rP-charg . 

R~gionalmo•Tex-'1en· of (~round '!later in the aquifers b p1·e-

Cretaccoua rocks is restricted by low [-.C:rme::tb~hi y . .:-"aei0e 'hangea , 

and wedg ing -out dc·vrndi J of the aquiierf {H . -~, . ,. ' l !1crefore, um~h 

'3.-af1 Juan - i-J"er. •. ' atET tP the aquifer~-> in p·cr.- Cretacemt · t ·ock9 ill ·:Jp 

::tlon~ the "'uerr.o !threr o.r :-Loves act·c-..ss the low t. \. rudl r-al -l' vlc~P into 

f-\lacl-.. iV <::sa tasin (fi_ '· 2 ,). 
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-- .J,quifers of th~ Up )C Cretaceous rocl~s in San ,Juan basin are 

nsuall)' under high arte:.d.an pr~ssur~ :lnd are at adous ~wces dithin 

::-tratit•rnphic inh:rv:1l or nort: t_, an !), ('100 feet (BhJe ·n. GrC'und­

walcr 'iY•0Vt'A'J('I1t in •1 ~units of .. be lowec 1a!'t uf the seq ence, includiw_, 

the Gallup and }'oin Look mt .,ami::;tonc.:-; a~d the w·lh;;i'-yicjding ',u-ls 

of the Crev..1::-:se ..-:ar·y0n fio;:-rr,atic.n, is si r ila:r. tu ·1 r.Q,t in th~ aquifers 

in T'.cias.sic and J'-lraszic .. ocks. L utc1· i:r. a':uU'er·s in the r n1ainde!~ of 

the Creta~ ... ~ous s ;qHenc nlo·.r:::s tow:1rd ll!e ·~an Juan and Chac.- :-'! ver;; 

(fl..,. 2 :::., . ~~~uifers of the 1 '.enef<.!c> l•'orr, ... ti,·m arc ·~hin, ienti-:t~lar. 
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--

l.,,l l nj• ~ ~.) •~1· ... , .. t :-h .... n ''"'t'D'1'-•n<>ic·,.,... ' • .. ,·~~-.t,r.r·.··;.., . '• t;~"" ~- .. a•"'l~er.:: ''l~ .l---.c. •" ·'-' I ,;, ,._ ·• < ... •· .._, £. • V < H "' ;o •· . - • ~ , • v \.io . ~ ~ '-' _ 

TI'•r•t. t' • r h· cd..-. Pec'1ar•''"" t~- '·l-· ~--~.:.._£~_c..----:!· -- .. "' ... 1 e~ ... v .... ,_ 

e • .;teru flar.J<. oft 1e t .. Gnur •.. t=mt upwar-p lon,.~ Con:h ·~hlge, '1nd t. ~ Ut.e 

Iv•u1.mtains 1 ~->out ~ cr::tf."rn Colo.t ado. · 11 ground\; 1! ·;:· !I loves ~cnerally 

.. ?oint Tradir;: o:::t, L~.guna Cr•:.}k, and thr: lc•.':~.: part f \'•alhe'!: Ccee 
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-- TTcnrv basin . -- . .:'e1'iona1 <Tround- wat r. r:;ovc men1 111 U".: ~uall ----<----· ... 

p:n·t of .the l-IF.nr' ba...;in wiJlin tb€' ~ava·•o coun:.ry is !'tl,HeC: to the 

ne:.trly evt:!ry ·v"here "ithin 1he ba.sin. t; mth of th Colorado .. ~iver in 

-:.ue Na 1a.jo In 1i<m •te;.:;ervatiort, ground \-lrat€n' in ~he Na.vd.j is gcner~l.lly 

uncon.fiu._d , b t P".le water north f the river near t -:~:· cente r. of t. f~ 

discharge,.; directly to thr. Color.ado !i•rer . 



--

t.ri.s ra.re.:. th:·. ~~ 

d int t !C: ~· • t1 •ate 3awJ ~ 

' ill. 





--



-- Contact ap!'in~s arc dev~lq cr.:! prin~i;>ally ".tlon• the lower 

contacts of tn= !.a.vujo .hndstcno, _,hi rar·;1:r:.p ,;;, e:rb~r ,_f 1e Chinle 

• ...... "ld.J tone, 

Frrldurt 5}r'nys flo;y fr't~ join~::3, ~~iUL.'' ""no beddi: r rlanes. 

. . . l 1 . ' 'L ' '. 1 a ::;pci.n(, tssutn;_o· 't cnr o1nt.s an::~ n.:: HAJ.ng •· a 1N.,; 

d the nu1 •• ~rous :coves ~hat are prowincntly dir3played w th~ canyon 

co,lni.ry near thr-l !....Olo:-ado H.i ver. 
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e - ring and 

..... , .. . 
t"" ... .a ... " 



--
at:-ilities. gener.::..liy les than !11 gpd ~r ~r.p.xart- f cot. and u.ucum oHde:·t d 

·an -.i anf! d:.vcl. ·ana and ;_."!.'.: v !l !orn. the v • ate.--yieldin~! pari. of the 

arei!.l.ty 

si tat-...ne . sii titon., aur :nud tone . 'lr •. fine-grained r::h tracter cf all 

weU.. 
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t----.,---S_e __ d_i _m __ e_n!ary_ la_~or~t9!Y analy~_~s__ __ __ _ _ Hydrologic laboratory tests -- -- - - . . ·-· - - -- -"- - . - - -
Pumping tests __ _ __ Ba~linu tes_ts___ Pressure tests 

--l ~oe;fl- -·- --- ~fr~~ ,- Spec1fic ~T 1 Spe-

Alluvium ----

Bidahochi 
I 

Formation · 14 

Chuska 

Sandstone 12 

Pictured 

Cliffs 

Sandstone 

Cliff House 

Sandstone --- -

Menefee 

Formation 

Point 

Lookout 

S.~g.dstone \ I 4 

Yale Point 

Sandstone 5 

Crevasse 

Canyon 

Formation 

Wepo 

Formation 6 

Gallup 

Sandstone 2 

Tor eva 

Formation ----

Solubles 
(percent) 

1. 0-
1 

82.1 1 

. 7 -I 
11.1 I 

I ----

I 
---- I 

I 

1. 0- l 

I 2.9 

5.3 

8 02 

0 9 

1.3 

• 6 

Median 

I I 
I ----

i 

I 
I 
I 
I 

I 

Clay-

0 . 18 

. 11- 1 

. 35 0.20 

---- -----' 

. 19 

. 16-

0 27 . 21 

- j 07-

. 21-

.35 : . 27 

I 
! ____ I 

. 21 

C oefficient 

2.81-

. 1. 09 

11. 80- I 

IL 12 I 

1. 36 -I 

1. 43 

1. 23 

i 1. 14 I 1. 23 

---- I 

I I 
1. 63- I 

1
1. 23 l 

i 
---- I 

1. 44 

1. 36 

I ----

I 
I ----
I 

2 

I 2 

I 4 

I ----

I 

Spe - S Coeffi ­
c Hie pfe - cient of 

Cl lC 
reten- . ld . perme -
tion Y( l e ability 

per -
( per - c e ;lt) ( gpd Q.e r 
cent) foo~ ) 

Num- 1 cient of capac - Num - capac,ity Yield Num- i cific: 
ber ! trans- Coefficient (ity Y1eld ber (gpfm p)er (gpm) ber I ca- Flow 
of I ffilSSl- of storage gpm (gpm) of oot I of p(aclty l(gpm) 

tests I (bglp'~typer r!~rof tests r----- ----· -----~ - tests I gpm 

12 

1 

Av e r- Aver- per 
foot) draw- Range Range foot) 

down) age i age 

325- 5x1o- 4 -
1 

o. 80- 10- 48 

63,800 0.25 1 168.86 241 

60 . 12 4 6 

i ---- 3 

3 

0 , 12- ---- 5-2751 45 I ---- , ---- ----
1 : 

75 I 
I 

I 
! 

I 
. 04- 12-

26 . 9 ---- 250 

.02-

0 07 

. 05-

0 12 

I 
---- I---- . ---- ---- ----
I I . I 

18-12 : ---- I ____ I ___ _ 

I 
5-40 1

---- 1 

I 
I 
I Oo 04 0.7 

Remarks 

Specific capac-

ity usually is 

between 0. 5 

and 3. 0 gpm 

[ per foot. 
! 
!upper and low-
1 

I er members. 

. os- 1 
27 ' 1.38 0 034 6-90 6 

! 
! I 0 u- I . 5- I 

0 41 11 

I ----

I I 

I i ----- I ----

1 1-2 

I 

! 1. 2 

23 7 

i 29- I 
34 4-7 

I 
I 
I 0 

I I 
+ Oo 0009 - I 

i I I 
o02 ---- l 

i 16- I • 4-
j 
I 11 2 9 

! 
I 
I 

122- I 
1 30 [ -Q-534 j_ 1 

' 
i 
i ---- 6 

7 

I 
I ---- 1 

' , 03- 13-

4. 78 ·264 20 
' 

18 . 12 15 27 

. 07- I
I I 

. 42 -' 

1. 12 ---- 7-53 ! ---- I 2 1 1. 87 11-15 

I 
---- I ----

i 
I 

003- l 1. 02-

. 64 • 20 I 2-45 I 19 2 ! 1.7 6-15 

I 
I 0 37 

l ; I I 

' I I j ____ -------- 15 I ----

Specific capac-0 02-

4.84 ity average 2 

1 . o4-1 

I I 
I • 28 7 - 11 
I 

I 

I 
.55 14-150 38 

I 

does not in-

i elude highest 

figure . 

0 05- Upper and low-

1. 20 . 32 4-60 18 er members . 



Geologic 
source 

Dakota 

Sandstone 

West-

water 

::: o Canyon 
-.-< ...... 
til 
8 Member 
..... 
0 

f.I.. Recap-
::: 
~ ture 

·.-< 

..... 
2) Member 
~ 

Salt 

Wash 

Member 

Cow 

Springs 

Sandstone 

Bluff 

Sandstone 

Summer-

ville 

Formation 

Entrada 

Sandstone 

and 

Carmel 

Formation 

Carmel 

Formation 

Table 7.- -H.ange of the hydraulic properties of aquifers in the NavaJO a nd llop1 Indan Reservations-Continued 

r-- --,---- S_'_e __ d_l_· ~~nta._r_y labo_ratory analys~s __ _ 

Num­
ber 
of 

sam-

Solubles 
(percent) 

Median 
<.Jiameter 

(mm) 

Coefficient 
of sorting 

ple::3 _R ___ [ vvei~~~ed ~--!\\e~~~ted 1~ - --~~-~ ight~ 
ange [~ange .~ange average : aver-agP average 

29 

23 

24 

1 

31 

3 

8 

36 

6 

0-

10.0 

0-

21. 7 

0-

81.8 

. 02-

133.8 

1. 4-

9.8 

I 

. 7_1 
.i 19o 8 I 

.9-

18o5 

. 2-

33.7 

1.5 

3.7 

7.4 

27.6 

6. 9 

5. 3 

4.6 

6.5 

17.0 

I ' 0. 10-

11. 38 

I 
. 13- r 

I • 58 ' 

' 

Silt-

0 28 

I 

I 
---- i 

. 11- , 

. 23 I 

I 
I 

. 09- 1 

.13 

0 09-

_L , 16 

0 07-

o41 

. 06-

o18 

0.24 

. 26 

.15 

.17 

. 17 

. 12 

.14 

t9B -

0 13 

o14 

5. 88- ! 

1 1, 12 

3. 76-

1. 14 

I 
1. 85- l 

I 
1. 12 I 

1. 47-

1. 01 

IL 34- 1 

1. 20 I 

I 
i 1. 28- ; 

1. 13 

1. 11-

1. 89 

1. 23-

1. 12 

1. 24 

1. 56 

1. 32 

1. 20 

1. 21 

1. 27 

1. -20 

1. 27 

1. 18 

_ _ Hr r alag~i c 

5 
~:~ora tor~ t: ~: 

1
n _ 

Num- Porus c 1fic Spe- cient of 
cific 

ber ity · reten- yie ld pecme -
of (per- twn (per - ability 

cor·es cent ) ( per- cent} (gpd ~er 

! 23-
! 
i
l 

4 28 

20-

2 21 

19-

4 25 

25-

4 31 

cent) foot ) 

I 17-

4-10 19 0.7-25 

·10-

10 11 . 1-15 

I 

10-20 4-10 .4-2 

----- ----1 

I 

14-

8-10 26 1-65 

Pumping tests 
1 - r-spe-.:: 
I Coeff1- cific 

Num _ cient of capac -
ber trans- Cor fficient (ity 
Of 

miss i- oi>rn or storagp e 

t . t · bility . per es H 
1 (gpd per foot of 
· foot) draw-

down) 

Yield 
(gpm) 

5 677 

0.45- 13-

. 92 350 

I 
! 

0 07-

2 20.7 o16 9-16 

I ----

I 

- Ba_l_.llna test_s Pressure tests 
----·--·-- Specific~ r -- -.- - -r·~pe~ ~---

Num - capacity 1 Yield Num- cific 
ber (gpm per (gpm) ber · ca - . Flow Hem arks 
of foot) 1 of paClty :(gplll) 

tests t-· -- ---l-- -- r ----- tests (g~~ I I· 
Aver- Aver- I P 

Range Hange j' foot) 

0.02-

20 o40 

.02-

10 2o20 

i 
0 07-

3 

---- I ----
I 

. 02-

6 3.50 

age 1 age 

o. 13 3-36 I 16 
I 
I 

i 
I 

043 6-19 I 11 

8-40 

I 
! ---- \ 

I 

I 

0. 16-

i 2 

1 

i .06 

I 
I 

I 
i 
i 0-44 

I 
I 

I ; 

I . i 

i 
I 

I I 
I ----

' I 

I 

l 

5-35 ---- i ----

I 
I 

i 
1 ---- I ----

3-8 

15 

I 
foefficient of 

1 

transmissi-

j bility comput-

1 ed from one 
I 

I test. 

!coefficient of 

! transmissi-
1 

I 
1 bility comput-

ed from one 

test. 

Sandstone 

'. \l.Mts Qnly. '" 



Geol ogic 
so urce 

Tab l e 7.- -H.ange of the hyd r·aul ic properties of aquifers in the Navajo and Hopi Indian Heservatiuns-Continued 

Num­
ber 
of 

Sedi_me ntary lab_. o_r. ·ato._ ry~-la_l_y_·_s-_e_-.s-.~~~~~~~~H-y-J~r-o-lc-lg_i_c~la_b_c_J_r-at_o_r-·y~t-e_s_t_s~~~~~~~~·-P-t-l m~plngtesii --~- --c·~~---~a~n-g~t-e~-H-.~--~~~-P_r_e_s_s_u_r-·e_•_t_e_s-ts~~~~~~~~~ 

. -- -- ·- - ~ l - II Coeffl- - -- - ~ft~~ Srlecific 1, -N--T,. --c~-pifeic_[ ____ _ 
Median Spe - Coeffi - r 

Solubles Coefficient Spe I dent of capac- capacity 
1 

Yield 
diameter- j Num- .Poros nftc . f - cient of Num- N urn 1 (gpm) urn-(percent) of sorting j . Cl 1c tran~;:;- ity 1 (gpm pe1· ca 

(mm) ber· 1ty reten- ield . pet·me - ber· missi- Coc fficient (grJm Yi el'i 1 ber· foot) I ber paC'i~y Flow 
of (per- twn Y( er· -1 ab1llty of uf stur·age ( apm ) 1 of ·1 of '(gpm) 

P · bility fH'!' "' - -- - r -- tests (gpm I cor·es cent ) ( per - (gpd ~.Ler tests (gpcl per fuot of tests 
cent ) cent) · fuot:l} Aver- l Aver- I per I 

sam- __________ ----~----·- .. ·--- --
1 

---·--

ples : 1 

1) 
Vv eight eel 1

\\ eighted u Vv ei ghted "ange H.ange , u. a ngc· average . average : aver ·age 

H.emarks 

I 
foot) draw- Hange .H.ange. I foot) 

down) age I age 
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I 
I yields of 1, 100 

gpm north of 

I Colorado Riv-
' 
er near Page. 

Both 

members. 

Coefficient of 

transmissi-

bility comput-

ed from one 

test. 



Table 7.- -H.ange of the hydr·a ulic properties of aquifers in the NavaJO and Hopi Indian Heservations-Continl.l,td 

Sedi rnentary laboratory analyses f-------,-- --- -- -. --- -- --- -------------
s l bl Median C rr · . t Num- o u es oe 1c1en 

diameter 
Geologic 
source 

~~- r (p e rcent) (mm) o f sorting 

s am - , ___ _ 
ples ·- ·r:= 

Shinarump 

Member 

of the 

Chinle 

Formation 

and 

De Chelly 

Sandstone 

De Chelly 

Sandstone 6 

Glorieta 

Sandstone --- -

Coconino 

Sandstone ----

Supai 

Formation 

(sand -

stone) 4 

Mesa 

Sandstone 

Member 

of Cutler J 

FormatioO: - -- -

l
-> 1 'vY eighted 
"ange av e rage 

o-

3 . 5 0 . 9 

. 9-

2 . 5 L 8 
! 

I 

' ---- -----

}} Modal diameter (mm) . 

! I 
i 

I 
I o. 17-

1 

. 27 1 o. 22 

. 11-
1 

. 15}} ! 

11. 28-
I I 
; L 13 I L 19 

___ . H

1
ydrolo~i~5~:~~r:!or~ t:~:;~:-

N urn- Poros- c1fic Pf~ - c1ent o f 
. Cl lC 

ber 1ty reten- ield perme -
of · (per- tion Y ability 

cor·es cent ) (r)e r - (pelt' )- ( d cen gp ~er 
c ent) foot ) 

6 

113.6-
27.2 ----- -- -- 4 2-40 ! 0 

15 , 5-

2 15 . 8 • 2-0 9 

I 
l 1 27 . 6 42 
I ! 

I 
I 

I 

I 

I 
I 

---- I ----

Pressur e te s ts ---- ----- T-sp·:I·--Pump1 ng tests ___ Bail~~.& t<:_st s 

1· Coeffi- -- ---- ~lf~~ -------- ·- Spec i fic 1 

' 

capac -

ity Yield 
N 

i cient of urn -
' trans- . . ber : . . Cocff1c1 e nt 

(gpm (gpm) 
per I ffilSSl-

of bility of storage 
tests 

1 
( d gp per 

foot) 

310-

5 755 

6, 600 -

1 15,800 

1 35,000 

foot of 
dr a w­
down) 

I ----
I o. 21- ~ 25-
1 I 
11. 21 150 
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I 

! 

1. 5x1o- 4- j 
- 3 i 

7 . 4x 1 0 · 13 . 3 
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I 
I 
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Num ­
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1 urn-
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e r paci ty i( ow) 
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A A 
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u v e r - 1) 1 v e r- f ) nange "ange· ~~ oot age a ge 
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0 . 03 - 8-

Remarks 

I 
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' 
bility and spe-

cific capacity 

i i computed from 

three pumping 

tests. 

Defiance 

i Plateau area . 

I 

I 
I 

---- I -- -- I - ---- I 



Number 
of Geologic source Silica 

analyses (Si02) 

301 Alluvium 4.1-63 

18 Bidahochi Formation 3.2-28 

13 Chuska Sandstone 20 - 61 

6 Cliff House Sandstone 10 - 19 

60 Menefee Formation 5.1-21 

16 Point Lookout Sandstone 3.9-33 

9 Crevasse Canyon 

Formation 7.5-19 

33 Gallup Sandstone 10 - 38 

71 Toreva Formation 7.1-26 

33 Dakota Sandstone 6.5-42 

50 Morrison Formation 6.2-28 

11 Cow Springs S~dstone 7.4-18 

10 Entrada Sandstone 9.1-27 

140 Navajo Sandstone 6. 7-29 

25 Lukachukai Member of 

Wingate Sandstone 9 .. 3-29 I 

8 SonEJela Sandstone Bed 

of Petrified Forest 

Member 

of Chinle Formation 8.7-45 

23 Shinarump Member of 

Chinle Formation 3.9-28 

44 Other units of Chinle 

Formation 5.6-36 

15 Coconino Sandstone 10 - 14 

49 De Chelly Sandstone 7.6-20 

6 Glorieta Sandstone 8.2-13 

Table 8. --Range of the chemical constituents of ground water in the Navajo and Hopi Indian Reservations 

(Analyses in parts per million, except as indicated) 

Sodium 
Calcium Magnesium and Bicarbonate Carbonate Sulfate Chloride Fluoride Nitrate 

(Ca) (Mg) Potassium (HC03) (C03) (S04) (Cl) (F) (N03) 
(Na + K) 

4 - 2, 870 1.1-2,040 5. 5-12, 000 34-1,000 0- 79 2.5-8,890 2-27,500 0 - 11 0 - 439 

2 - 80 . 9 - 16 8.7- 366 127 - 292 0- 39 6.4 - 492 5 - 157 0 - 2.8 . 1- 15 

23 - 71 4.8 - 11 3.4 - 23 48 - 278 0 - 5 2.7- 24 3 - 12 . 1 - . 4 . 1- 11 

Dissolved solids 
(parts per 

million) 

143-47, 100· 

132- 1,070 

138 - 299 

5.8 - 276 1. 7 - 91 141 - 6, 140 276-1, 140 0- 14 363 - 8,230 7- 4,210 0 - 8 0 1 - 2, 5 I 1, 190- 3, 120 

1 - 168 . 7 - 34 37 - 2, 620 93-1,890 0-106 6.2-3f930 3 - 956 0 - 12 0 - 19 129- 7,780 

1. 2 - 684 . 5 - 267 28 - 833 167 - 572 0- 45 14 - 3f 410 3 - 113 . 2- 3.4 . 1 - 8.6 249- 5s08Q 

3 - 64 . 9 - 231 . 9 - 661 122-1,030 0 - 9 38 - 2, 980 4 - 94 0 - 1.9 0 - 9.2 268- 3, 120 
.. 

1. 0- 456 . 5 - 268 16 - 710 85 - 763 0- 28 17 - 2, 850 4 - 482 0 - 4.8 0 - 13 285- 4, 140 

2"8 - 298 1. 2 - 96 5.8 - 228 79 - 479 0- 16 12 - 1, 200 3 - 100 . 1 -1.8 . 1- 154 130- 1~890 
~ 

1. 5 - 330 . 9 - 103 5.8- 1~ 430 130-1,550 0- 39 7.8-3,540 6 - 500 .1-10 . 2 - 10 165- 5.560 

5.2- 373 1. 7 - 188 9.2- 695 81-1,200 0- 73 11 - 1i 980 3 - 374 . 1- 4.0 0 - 200 168- 2,960 

7.5 - 221 2. 2 - 106 24 - 949 208 - 898 0- 18 17 - 28 380 12 - 118 0 2- 5. 1 . 1 - 18 264- 3,760 

2.5 - 262 1. 2 - 64 15 - 543 83 - 539 0- 16 5.8-1,930 5- 2,230 . 2- 1.2 . 3 - 33 196- 2,870 

. 8 - 135 .4 - 64 1. 2 - 295 57-2,300 0- 45 3.7- 625 1 - 171 0 - 2.4 0 - 80 90- 1i 030 

2 - 67 1. 3 - 21 6. 2 - 308 99 - 470 0-247 1.a - 250 3 - 121 . 1- L2 . 1 - 18 122 - 869 

' 

I ~ 

I \ \ I \ 
I 

I 

1. 2 - 98 . 5 - 34 76 - 621 244 - 740 0- 33 23 - 864 19 61 . 2- 1.3 
I 

• 3 - 3 353- li 810 I -
1 

.8 - 304 2. 9 - 587 6. 2 - 871 135 - 648 0 - 0 16 - 4, 110 5 - 375 . 2- 1.6 • 2 - 9.8 171- 6,410 

-22.1-

3.6 - 141 . 7 - 40 1. 2- 1, 420 114-1, 150 0-462 17 - 1. 570 7- 4,650 .1- 5.9 .3- 129 238- 3, 810 

67 - 924 40 - 166 23 - 5,960 148 - 299 0 - 0 219 - 1. 350 22-10,100 .2 - . 6 . 2 - 5.6 555-30,000 ... 

18 - 457 7.4 - 147 5.5- 190 117 - 532 0 - 6 9.5-1,560 3 - 122 0 - 2 0 - 17 126- 2, 270 

116 - 264 15 - 87 9.2- 1, 330 184 - 265 0 - 0 245 - 637 5- 1,980 . 1- . 8 0 - 1.7 568- 4,330 

Hardness as CaC03 
Calcium, Non-

magnesium carbonate 

18-15,500 0-15,500 

8 - 244 0 - 53 

43 - 222 0 - 9 

22- 1, 600 0- 1, 150 

5 - 534 0 - 350 

0- 26 800 0- 2, 630 

11- 3G 100 0- 3,000 

4- 2, 240 0- 2, 120 

12- 1, 140 0 - 940 

9- 1, 080 0- 1, 210 

20- 1, 700 0- 1, 520 

20- 988 0 - 572 

11 - 916 0 - 848 

6 - 598 0 - 512 

10 - 254 0 - 42 

\ I 
5 - 384 1 0 - 174 

14- 3, 170 0- 2,820 

8 - 640 0 - 290 

334- 2, 990 166 - 392 

90- 1, 740 o- 1,640 

458 - 779 242 - 576 



--
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e -

oocau.se water ln these aqulfe.:·s dr.Jins low y, an;:-) thi' con..puted co-



--

en ~0n. 

of tile val L.e of w t~ d1 }".,.·ned h i:L. t roc.n, i vr h~in;: 

tlO.~I~intt frtH:<. on of :· ter hel•{ in t :~ r.r.J.nute ~c.ce s ;;,~et3 o .. · tll .o·oc,· 

·~y x,.o .. cc :1 r ~ttracti n .a~.-..ir .. ;; t.!-;e pui1 c: g.co. 'iiy i:; en ..• ec S! f:cifiC' 

r~et nHor., w ich i.8 'h ~ rdk· e "p ... ~e ~ .;e :i i verceninge c,f the .. ,oluu.1e 



L ~.nd~tcr: · . 
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--
It is .s} c1 Uy u 'eful here- ray ·hor-t- aurati0n '- iJing or pum .lng 

te&h.> :u·e vW.1abL a.nrJ test d~1to l:4rc; lruirdeq'lSte t(l c~m" ,ite the c• -

effi .tent of IT l'lJi.....sih lity. ':l'pedfic capaci .. y i(;• d~:fir1ed as tlP yield. 

in g lon p~r. ~inute, ,·'ivtrl d by th" :r- .... :rclc.•H . in f .et. lt is r.,lut~d 

'ir.., ·t y to tht: .. :oeffi-r-5 e. t oi' trflncur:i. ihil~.ty c~ Lc Clq1 .. ifcr . Th.t• 

"'! . .;e~ific car~ city c-i ~ well , ' \_;wever, is not a.'1 e;;,rc~t .t:G.S•l.rc Gf the 

11' c.lrclGgtc e:~·at.ca"'t d tics o• or \1uifor beco.ust< of o~ffct~cnc ~ ir. t},e 

(•~pth .f ~c uif ,~ pen-trat.~r1, fr~cturLt& and !.ith.::.1oe;1c varia krt1 cf ~he 

C d pecifi~ ca .~n.clt.i.e;:; :tw g f~ o:.-; abo,.t l. -:, io r 10re 

th" 1 .t .r :toot ct rr.o~:d. ar~ i~~jE 0 ru~ 1 Q"Pw . 

th~ flUUVtUJ.u oave 'P<:!Ci.f:t.::. f'i';\;'·~lcitiCS {f,l' ut. l' ·1 1 15 gp:- r' r f,~O~ of 

ck ·\H:b~· 1 (ta Jf: 1}. l't.iiH' we!lG ·o •r,l ,ted ir t! e :.iup ' f'o.,...~.:- m.lcn, 

dra clo .''l, 



iu sanriatone of ti1·~ Navajv ctmntl'Y , eXC!?pt.ili.g ~hose i.n the Coccmlno 

::>andstone. ar~) lc~,·;, · fairl~· consi~tcnt, and ;,rith fn,v f2'l{Cf;p:.iom;, are less 

S<lndstone aquifet·s in abo\\t ;·I; percent !'J the r0.servatjons- rougJ l:y, 

Coconino San t~to:1e r~.'i~_,e !:cor, j ,_, , •JOC tn 3~. COO gpJ per foot i! thl'· 

art! 1-esr; than i f'pd per syuar~ foot. 1\1.ost range from 1 ro 3 gpd per 

square foot, ;i~itl tho::;c of only part. of tL~c' ::Javajo and Cuconbo ~Ju.Ed-

::~tones in the \Ve·iter·n part of i:l~e reservai.ioPG are n ore than :, gpd per 

sq un:~ foot (fig. 28) . Th~ coeffide-nts l\t' p:ruKn.Lbi.lHy of the Cocouino 

--------------

Sandstone are ac much o.~s '70 fiP-l per square foot-the highe&t of any 

rock u 1it in the southern pr.ri. .of tL~c., Colorado P 1ateaus . 

-30G -



.. 
i1 r~ 28. --. :::.p cf ti · .... N..a ~ajo ·1~..' F i I.n..-!it?.n ·~ 'c&e .. V.;t.tions. flh::.n·• i..11::. 
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a corf."d xte~:·.;e1y (t · b1 . 7). ~t ea :·h H.c dty two corN> 

ui 



-- The laboratory ana) .fBes indicate wide differences in the 

hydraulic prc-.-,)erti s of the cores (table 7'). Results of analyses of 

24 cores f:r·or j the I ·avajo 2andstone J.ndtc te that. the pot·osity ranges 

fron . ~5 to :35 r.)crcent and that the coefficient of qcnneability is be-

tY'cen 3 and 4£1.:1. g;-:d per aqu::tre foot. flesults of analyses of 31 cores 

fro. the other 'mitE:~ inC.icate that the porosity r.:mg~s fron. ! to :34 

perc~nt; spccuk relention ran;~e-s fron. 1. 2 to 20 percent; specific 

yit=> ld ranges t'ron. 0 to 3C percent; and coefficient of ~ er.rneahility 

ran~·es fron. . f}(!Q(J to ::i3~ g-pd per· ~quare foot . 

L3.borat01·y deterrr,inatior.-:; ( f 52 cores from 2C sites of all the 

::..quifers exc~pt tLose in the Coconir;o ::5rmdBtone .i:ihow wicte differences in 

the ~oefficients 0i' rermeabili ~y, U3 indica tea by the follO'.'i'ing greuplnf!,S: 

-----·-· -~---~--------·- --- ------- ----------------
r.:'oe.:'ficient of permeahility 

.A.qui.fer ____________ {gp_c!_per::~guar:_~_ foot_) ___________ _ 
<.JO l0-20 2J-50 ~1-100 > 100 

1'.11 !:l.qulfcrs 20 9 l1 7 3 

Aquifer in. !' avajo 

;:;and stone 2 3 10 6 

Aqu · fers other tha.u 

ir !~oJ:avajo ~:i:.mdstone 13 6 3 l -----·- ---- ---·--------·--~----- --------- ·- 0 

Four cores tal ... en fr-OJ7l li 1.1estonc beds in the Cwl 1;..och Meruber and 

-lower red mew!J{;r of the Chinle Formation indicated coefficients of 

permeability rangh1J1, from 0. 00001 to 0. uoo;, gpd per square foot. 
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tor the 12 sites co ed ··1 r ne ._ •. ..-..v~: jQ · ._~ .. .1::-tone k l ~ !;?ci ~~c s.lt::L~P.: 

foot; ~nd tb ~. fer tLe l'~ :1 ir~in"" sit··~: tn th~ othe-r tJ·u~lgra;·,h!c lm.il:.E\ 

cor~. 

.'\ · pnrt of{. tu<&y of t1.~ transmiedve characi.~r of be pr·n i,~al 

srudstoue unit.. of the Color:l. · J l;hi t.s as i·nlated to the: distd~ution 

, 40 . ~ ·np es fr~>m 42 1 call ties in i.: e f 1··.va · o country 1 Jobin. l S;t, 

tr·bl" 31). ..'! ~n c e~'fident.s of vera. "'cl.bihty rttnge f:·t~u 1 to 1..01 gp<l 

per a ual'e ! t. \1e~ co ffichmts fo1· 2 l·.cali jes i:' ltH.J~ t n 10 

i..'P 1 t/Cr .stp .. w: e f.u;Jt and (hcse fm 3~ locaHtie& ..... rt; le.:as tLm ~0 gt:.d 

p~l~...; ~mr fom.. 'fli.e t1.-ean :wee ~d 100 tpJ t';;;l· squ~re foot 1.~.1 '•nly 

on we 1i y . Ti1~ ditJh lbritiGn .-.,f he means :.;f the Ct>eff"ch·m.ts of 

per .. eability a. 1d th 1r r~s.~ct!ve sirattgr~phic untta a.r~; r::hown on 

iigl!I'' 29. 
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-- ~he c:JE~fi.c.··ents 1f pet~r!eua!Jity :1f Ct:.•r s coll~ct<::d !r:Jm ex­

.,) . .-Ur- .... of th · t!qu·f _r!;. Eil d i:h~ ones rt>"-pcn·t d :f ,Job (1 i)62, t...b;t;.: 

Jli al'"t}. i l nener J., ·o. ~;!dt::r-ftbly tig!.t::r t a: those {.:on ~jute t ft'o'!"~ 

pulHj); z te t~· {,<i3. 2G '1 .~c~ tab .. e 7) b.;c u,;t.: of me. ea3ed 1,en1~e · ~ iHty 



-- N· .. ~·Jy D J u c 0..:r:--ea. e:'\cept tb,:;s(>; :~f the 'Nuvajo .:-I.Uld&~tone. 

'<.'!rt· 1.4.! •. 11 in ranyoN., ot· frvrr. 'e-l.-Occ..1 ledge an( ~ll1~l diff::t . ! lost 

f.!" _~,.;p1 ;;.tL~ in tht• t'Fd Y~-'mi v;ere r:tlvng t •. • a:Jr~ ·L ,:.!' t.he 'luviat 

fV:,o'5 l.>l ~in awl 1n Tl-(' 1\.8- thn1 1ex: expos.::cl tc1 1,-ea. ht!rL"g ,..•u"'i.1g ::he 

- -- ___ .,. - ~------ _ _ __ ... p ______ -...... ........_ ---- _____ _. _________ .. 

wa -=·1 ~ ~.d .. ·.:·d cLr.'GH' .. ly 'r .... :·.~ fH'-ec·phatio .. u';co.< ·r""'!'lied the ifleat!.erin,,. 

·:.o.no l. 1!. oy~.-1 r~ ;ch ci the soluble m .e:ria fr-u .. ~. tb~ p~ ·~t of th~ :r-:e.vaj:;, 

'\;ton.-~ juat 'u- '::rly1~ tht su. ·fac(~. The leadun._: and wez.t~ring 

fl;-r sc 1on · a t1n.,e pt·oLa· ..... y ace<n.mtt> for tl e .t.1i~i co""f!icicnts of per -

o.bJy 1ead in.g wtr..s r _g..~tgibl ~ ..._t .nost .::.itl:"~ in tbe canyo:r" b c use the 

sHea: a!'c n &;.· r· hrt ... lf g--ruum.-\\iater dirJdml·~~. ln is.ct. so:. e sclubl 

ru&te ia! £a l v ·. 'been dP-posited a ij c nt h) .c • .any site:.::. 
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-· • ir...-.imta.ry Laboratory- TeGt Data 

La oratory analy.:;er; of t_; 1.in sin., coefficient o! Potting, and 

the pcr\,;cntage of sol,lble mater·ial aid in det .r .... inin~ tbe hydrau.ti(; 

,. 
··ize classificJ..io::.< (t:tbles l an<J 7) . '.11•B 1 iar>.e+er of !~.ost rrain.::: id 

betwec.::. 0. P at d C.. 3~) in:L , or in tbe rery fine to _-r e·_iur.l - gr~.tine 

C ·tinle i?or ..• aticns -~cutah' ;:'r>ain.:~ coars r tl, n mecJiw .. L 

The .:-!,: can~er.,er. of the grOiin;· in a st.nds .one is u£-:ually r·.-

-r,crosity is relat-::d directly co s;"'\r .. int.:: and g o..in size, bnt m cr·nso i )c:;+ed 

rod~s ceu.em;ir; ~ l ... ·.atet·.ia1 filb p2rt d ltw por(' sp. t·e, decr...::a;).ng the 

pcrosi y . The sor.·ting in J. oet cf the water- .. .r.!ari g units is cl 3 ified 

as good. ~c· f. ir (sec s-..ctt.on on scdin •nta:=.-y f·:~tur.::•s), and t 1e eo-

:::fficient:; of sorting ::.~a. g. fret J .13 :U1 the ne Cl (.:.:lJy .::)..'l.nds'.one to 1. ~;G 

in p .. "tdJ of the I lor ·iaon .f' rr:1ation (tub·.· 7\. 
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J:. orm~t5.on, l- ay nta .!or!:!:ati<: .... , ·"~' n3.ve F't).rt • tion, d . ingate 
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1.'he effecL ol 0 'd\~ t::Ji.;:e and degree of scrtinr; on n~e grcui~d-

atcn· hy rolot>y of sm<dRton.e aqui.ftH'B in til~ ;~avajo country may be 

Das ed by soluble r:1aterial and f 1e amoun .. l)f f ·~durin~. In n.1ost 

place , the yrese:Jce m· ;"l 1:1ence of ~- .1. 1 ... le .h.~tcrial · ppar\:!'J•llY a!."fecl.s 

permeaUll y r..:wrt" tl! n fr \Ct trint..... L.e<.tching of rocks near the au..t·­

Cac rer~~ ves o .e oft ,, ouJ ;l.te e>~t rial. thereby ir:tcreasl 13 per-

r .. eability. f odr..:: in the sub .. ur·iace ha~e .towe.t' pern.<:'nbility a~ in­

dicat~d fr m p:.u 1piu,~ tests, howi, 'er, a.>1d prob bJy are U..'1dfft::cted 

by weutl:edng a..1d 1i de affected by .. ~aching. 

~evt-r t,eow~;ic f~'ctors infbe lCe th{4 perrueability and trac..s­

misaibility c.f lhe bedrock ~a.1dsh.>n aqu.ifers ,;f the Nav1jo country. 

The gr-ain sirL'!, genfllrally in th~ very fine tor tedh.,m 1' n~;e, rc~ulta 

iu a comparatively sjow rate of water uover.::>ent Ulro·,1gh the rocl '". 

Cen entation. both by tbf'! generally insnh.tble siliceous n~at .rials and 

the mor · oluble carbc. ate 1:naterial • d<=>c.c-eatJ s permt>abHity and 

tt·an n is .lbility. Fractures ir.lcreaae ov~ralt pert. ea.Ulity and trans­

wiBJSibility. · ffects .c, both fractures and ce ent arc noted in the 

ad bil ty J! the '1-,ydraulic propei-tie& con•pui. ~d from pu:a1ping te ts_ 

but on.iy the effects of ce ent tlon are nc ted in the hydraulic properties 

determined frc~ u drill core.::>. 
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-- Hegional geologi..: factors that dir ct1y influ·:. ~ce transmis ­

sibility and u.o.L·e indirectly pe .. ·l! eability are the bro ci lateral litho-

J.-.. ;ff! chan.;es, treriJs i.a thidness . intertonguin;;;, and w ~dgi.ng o:Jt 

of aqdfe:t. 3. In n c:zt 15~11dstune umtg, - ... ei.' hil - ~:md cloy-size 

particles inc ... ease. pt-rmeabi!ity ~md t:.~an n.L sibllity decreaDc. This 

re ilhcu is especially apparent in the 'llineate, Navajo, and Cow Springs 

•:klad_ to, e.J (.Tobin. 1 ~6" .• p. 3 5-36, 4.2, 5t.!) . 
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e . 
TIL hydrattHc pr·~·poerti s ('O .putet! froo:r the· tests n!'e !"(;'ta-

ti··ely uniforw and in' i.cai~ c111y sllgh diffc:-<.:nCeG in the aquifers, 

~xce, t for tl:.~ l.::oconh o Jam stone and the altuvhHl). In ge:r:er.:U, th~ 

coefficient of p ~I Jleabi ity is leas than 10 ''Pd per squsu·e foot, co-

.fftcient J! t::·answir:sibility is 1ess t.har 1. Ci~Y ~ Jd rer foct, and 

s >ecHic c:. . a :ty lS les~ th:m 1. 0 gp~" p<"l' foot of lrewdown. C n-

tra$ting v.i h that r.>i other bedrocK o.quifeH·e. the coef.ficient of trans-

n,ia ··i i ity of the ·c,conino Sandston .... in the southwe tern part of the 

reserv .. tiona ;md Of:'w-by area~:.> is more (uaa gr;, 000 ~-:-I per f~;.)O!. T'he 

.ocvninu S m.wlon. i .. ~ the principai. a uifcr i..n northeo..steriA Arizona, 

mt tmicrtunate y in n.oat of '~:h~ r S>Ct:'V' tion.s it cClntains \vate.r too 

hi,!.hly l: .~inerahzed for ·.tsc or it ha ... been ch~ained by de~p canyc·na 

carve-d by the Colora lo · .d t..Hil~ Colorado !liver~. The ~'lava.jo 

.-\andstone yields n:odez-Rte -:-._ .. tounts ui watet· tv w~ll in nearly hr..lf 

d the r-e._~r-v·Ltions, but wh .re it has thic.._r satw.~atec3 zone this ~ao.n -

iltone yiek'tG large CJI.lii.'1tities of vater to welle ev~~n though its p~n·· , 
m ability is ~enel"'aUy 1o • 
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-- The a1lu\-1.ur.: nerall:t hn.i:t wuch highe ... · N efricients of per-

m10: ability and trans .i~slbility than tne con.soiid"'ted a.:; 'tier.,, except 

for· the Cc-c .~1ino Sal. dct ne. T'!tf" alluviuu. has tot be n developed 

a.e .a.uch as . 1e ott.er aqujjers am.! i s ate::--b ring pot\:!1tial is not 

f<.Uly :mown, lt' ough it~ hydraulic prot, .t"ties ciL.fer considerably in 

t. e ~ c-rjo count~y. The alhwi u. p4·obably will ,'liehl more th~1 LOU 

gpl.u to w 'Lf4 h Jfl:'t~ of Bl ck. ~ ck l:ll\'1 _hirtl and uchlo C:olora<lo 

\-,a ·h.es . 
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Chemical analyses of more tru.r.~. 1, 3UO samp~e01 of gr·o d 

water fron: t:n reservati na in~'icnt that the vater is slightly to 

1ighly nafl:lcr lized, t su.U1y h.a.t•tl to ~ z·y hard, .'lnd chiefly of .a bi· 

carbonate type. Bepz·esentative a."lely&ea ar~ contaiJ.~d in • C'....ec-

hydi~olo lc D ta in the Navajo an Ho_pi IndiWl .\,e · ecv tiu • _\rizona, 

New M xico. and Utah-P~t .:1. ··elect d Chemical ~yse:~ · f the ,. 

G ~ t ' 't. L ti'OU!l\ • a: r, iJY • •. i:"i ter a-d .J. L. i"atchett. The t~ener l 

characteriaticn of the che.u.icaJ. quality of the \.vat~r are inr!lGat~d in 

tabl R, which _.ive;:s t ·1e ranges of the chemical con Jtitt.tents ·of the 

ror in aquifers, and by 1a , which show .he distriblttion of dls:•olve<~ 

olid.s (iig. 27), f~· '>ride (fi~. ;)0), md hardness {fig. ~1 ). 

----·--·-----· --- ---·-----------------
Fi~--ure 3[J {caption on p. .t'') ,...,,.. . elan:;s near h rc. 

.li · gure 1 {caption (m l·· 2~:&) b ,lon .~a nea h~re. 



--

the distd-A!+ior. ol f.luorLe in gronnC: wa.tcr. 

Fieure :H . --.-v. p of th-eN vai~~ o.nd Hopi Ll'ldian Rtsarvations. showing 

the h rdnes s cclcium carbln1:J.te of • round Wilt .r. 
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-- The disaolved-solids content of the ground water 1~anges from 

les-=; than 100 to about 60, 000 ppr.:-.. Dissolved solids ooually are le<is 

than bOO ppm in water from aquifers in .ihe Navajo Uplands and Defiance 

Pla..t~au- Chuaka Mountains are£\s (fi;1. 27). In contrast, concentrations 

of 2, 000 to r;;ore t 1an 10 , 000 ppn: arc cmumon in vater from aquife s 

in Cre1.aceous rocks at shallow depcha in the .:.',an Juar, basin and in 

aquifers in Per.r~ian, Tric..ssic, and Juraseic roc~s hi the Blacl:: Me:;a 

basin area north of tnc Little Colorado Ri.ver. r~igh dissolve -solids 

contents 1vero reported frc•;.' deer· wa '.er wells anA r.-·an-test well::; pcnc-

tratin; t!' .. e Coconino '"andstone ln tbe 801.rt:l8rt part of the r;aVUJO 

country- b9, 300 ppn. near Sand·~·, ·s { ·u'-e!"t5, 1062, l'· 12()} ?nd ~8. 300 

ppr.:: nc r Castle T3utte Traai.ng Post i-1 the ·iopi l:.utte~3. GrDund w::.~t-:;·~ 

contalnir.~ conside1·ably tnore har. 2~. vOO pp~•: di.s~.:J Jlvcd solids 0c..::urs 

in oil and {;as ~·:c llE pe ~et:~ati.nt"; aqui.fers in i' e.s ozoi.c rocks deeply bur lPc 

in the c~nte1· of the 3 n JUf'l.r. ba~in (B~rry, 1" . . ~ •. 17' . , 19~:H, Hydro-

ciyru rcics and g-eochemistt-y of the .;ur:Lo:;sic and. CreL1:·eo..ts 3;)'"!HCPJS i.n 

the ~an Juan !);).~in, nurthwt"sturn !'jw.,'l .. cx~co and sou•h\;estern C'o1or • .l.do: 

·-11: n.!.'0r~d. t ;n.h·., C..-tHfornia, lmJ•ublishcG ~Ioctural thel3iS). 
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-- The principal chemical constituents of t.1e ground water ar . 

caldum and sodiu , and bkat•l CJnate, £Ulfate, m1d chloride ions. 

Combi.tai:lons of the~e ions fot·n~ four genera! chemicru. types cf grour~d 

water-calcium bicar ... (.mate. sodiUil. bicarbonate, sodium sulfate, and 

odium chloride. I. ost gr •ar.1d 1.vater itaving less than 700 ppm dissolved 

solids if!. ith r calc hun bicarbou te or sodiul.u b ·carbonate, and that 

c ntaining u or thiUl 700 ppt • is sooiu..l.·, sulfate~ C;:A.lchun .su..liat ~, or 

sodinm chloride. Gradl:tions b~twe<hl tht:3c types are common, and 

n)uch of the highly :min rali'ted .·later is a bicru.:'!::>ouate sulfate type. 

The >Jjinor che :; ical constituents are fluoride, nitrate. 

n agner,iuw, silica, and '1·on (table 8). '1 he concentrations r .. f these 

ions differ considerably L: different aq~.tifers, b ·t, exc:ept fc.r tluoride 

and nitrate, are tvleraLle lor m st uses on th~ rese-rvationE:. 

Ran e and Distribution of the Chen ical Constituents 

lcarhonate i by far th most com .. non anion in the ground 

water of the "ava.jo country (table t?.). It is :ii.bl.llldant in water fron .. 

all the aquifers . but is not as objectionable as the other ions . The 

range of bicarbonate ,is usually between vO and JOO ppm. 
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e . 
· ~ulfate and cblo,·ide arc the chief ob:it"ctionable consdtueots 

of th~ :~roun...-J \Vater. Concentrationo of :.· ulf;?.L:" ;),~·e com£ only :na.J::·c 

.i.ni'!i'ewes pt'Ogl"f':S.Sively :lowndip fror; the rech<~.rge areas. L~ I11uch 
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-- The nitrate content of v:ater fruiT· epringB aud drilled wel~s 

~~encrally is lo1.·::. but that ft·on· dug \<Yells generally is high. Wa~cr 

fron1 dug wells rnay contai~ more than 45 tJprr>, the upper li~Hit 

.,.,P"'O''' )<=>nderl 1 "''f th< r f ,... p,.'D1 iC T.·e.-, '+'h ··~m.·•v.;Ce (' ''~?) d._,_ .4 .. .LJ "-' l.,A }...}t o\ ·- ~ • ,.) • ..r... V,. J. .\. 0 .:J..J .~l I..;~;J. iJ • t 1704/ ., 

this nitrate probably was introduced thro11gh opcr. or partly open wells. 

to be highe::>t in r.ln"ate. Nitrate in water fcorr, thn (;Ort:::oll•h!ted ~e·li-

;w ppm. 

nl~~h in n..._.oride; elsewLcce the fluorid.;· content U:::ll.lu.Uy is less : h:.lll 

Ot.hc:t· hiGh cor.cenrl'ado:• 3 of fluoride in •:nad: r. E:'~a r,;asin occu· loc3.1Jy 

in wale"-· J.n Lh-; ;.., epo a.nu C.hin)e FortrJ3.dotn:; .:u~u in the aibv~ur< . 
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--
i: ta:rdn ss. t1 -~ :sr..n.p-cur.1.;, •n inl prc,pel·ty of v tel~. is caused 

chiefly by calc·;.uu· anr.! 1 .a av.:·siun and, in so.n.e wa.tet", by st:..lall 

quetJ·,titie uf trontiu.m EUH uar·un •. Tlu: haraness is reported by the 

Ct:o o~ical Survey in pares p "r willion .. s calcJu::, · carbon te. Grain~:> 

per c.t.llon a.is0 is used in repo.ct1·Lg bardnes . (.}ne ·:rain pe.~:· ga1lon 

is equal to 1 '1. 1 Z parts per 1i1lic.n. 'The following cla.:-:::dficC~.tiOil of 

tne hardness of ater is use ct by the Geoiog-icai ..Jurvey: 

~dptive te m 

: •• o<.lerately hard 

Hard 

V~ry hare 

0-60 

61-120 

121-1au 

180 : 

hccording to this clasaification, little ground w ter· in tnc 

Navajo country if:l s:>ft. and moat 1 har or very rd. Hardness 

range · from 2 to 15, 600 ppm. The distribution of the hardn ss is 

Lown on figure 31. ar dit seems tv be controlled h:Ore by local 

hydrcgeologtc conc!ition than by regiotl 1 conditions that influence 

th.e oth .r characteristics of c.heroical quality. Generally, bar nes.:z-; 

ie less ln water discharginu fro.m springs and from shallow dug wells 

than it is in that from deep wellfi (fig. 31). 



e . 
Principal Controls o the ~~us.lity t .~. ter 

The lithologic characteristic~ of tbe aquifer and those of 

a ,juccnt roc.ke .~ert a .a1ajor control ou h~ dissolved- olids co.ntent 

an chcwkal constitue ts of ground water. The soluble material is 

les t~ in the well-:aon:erl 'clean · s&ndstone of eoiian ori·.-in, represented 

by he ' v jo • .v ingate. "nd . Clielly .;:.and ,. tonea. than it ish other 

aquifers. The soluble tHineral::; in h.Uy units above or b .low an 

aquifer may aU ·ct the chemica· quuli!y of it~ water. :me ·c •Uc:nt 

c:xarr.plc is the solution of salt 'beds iu the 3upai c•rrua.tion, probably 

he chief sourcl'..' vf the e. ce}JUonalJy high dissolved-solids content of 

w ter 1a the ov r lying Coconino ... andstone in much o, Black itle 

basin (.L\.kers, 962, p. 1"69, 133). 

L nother principal control of chemic 1 quality of gro~ water 

is the distance thE water ru:s t.ra led frorH the rt:lcllarge ... rea. Nearly 

ali cherr..t ka1 n· iysea of g ound w ter fron; r~chaL· "e area.5 indlcate 

less than 1, uOO ppm dissolved solids. ana 1.nany int:lic .. ,te less than 

300 ppru. · solv d solids in-ere t~e noticeably downdip toward the 

centers of hydrologic basin.CJ (fig. 27). Dtssolved solids downdip ~so 

rnay incre e 1n part l.teeause of restrict d circulation in the centers 

of the basins-regional ground-water movement tends to be around 

the periphery of the ba ins {fig. 25). 

·228-



-- Interaquifer leakage, active ln n arly all parta of th reeJer-

vations, eem to 1nfl ence the chemical quality of round w ter. 

J5'lushing. with accv.nlpanyi."lg int.,rforn.ation l moverr:ent in the re­

charg4 areat~, keep the che111ical quality t-ath r ur.iforru end the 

.:li3solvect-solids content o~•. High artesian pressures in the 

hydrologic badns aid interaquifer nAovement of water, and the 

cheraical qua..iity tends to be i'airly coneiBtent, even thc.ngh thick 

shaly roct<S, s ch s th ~ancos ..... hale, retard mixine of water. 
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