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PRELIEII I7AEY RTOBT ON: THE. GROUNILVXVER RESOURCES 
OF THE NAVAJO AND HOPI INDIN? Rl3SERVATIC)N, 

ARI zo :.IA, 1m1 BIEXI co , z\ra LT AH 

Based o n  da t a  c o l l e c t e d  by J. t.1, Hmshbarger 
H. A. Whitcomb, C. A. R e p i n i n g ,  R, L. Jackoon 

J, T. Cal lahan,  S .  C. Bx80t.rn, t h o  author,  ~ n d  o t h o r o  

The Ground Vnter  Branch o f  t h e  Uni ted  S ta t e s  Geological  Survey i o  
now engaged i n  a reconnaissance  o f  tho ground-vat er rosourcee and geo l o g y  
o f  t h e  Navajo country,  which l i e e  i n  northenotern Ar izona ,  northwestern 
ikw Kexico, and goutheas torn  Utah. The w r k  i s  b e i n g  f inanced  by the 
O f f i c e  of Indinn  A f f a i r e ,  

The occurrence of ground m t e r  i n  t h e  regio.. i s  dependent o n  the 
dominant f a c t o r s  o f  topography and c l ima to .  Tho topography of t h e  IJnvaJo 
country i s  o n e  of s h a r p  r e l i o f ,  t V i t h  deep canyons and h i g h  mesas m d  b u t t o o ,  
Rimoff i s  r a p i d ,  m d  i n  many p l a c e s  t h e r e  i o  l i t t l e  oppor tun i ty  f o r  rnln 
nnd me l t ing  snow t o  p e r c o l a t e  i n t o  tho ground, The climate i s  a r i d  nnd 
is characterized by extremes o f  t empera ture  and r a i n f a l l .  Tho twerngo 
p c r c i p i t a t i o n  i s  10 incheo p e r  ? /ear ,  md much of t h i s  f n l l e  d u r i n g  tor- 
r e r t i a l  s torme i n  the oumner months. 

Tho inadequate  w t c r  eupply o f  tho region h ~ o '  R dominat ing e f f o c t  
on t h e  economy. Sheep r a i s i n g  i e  t h e  p r i n c i p a l  o c c c p n t i o n ,  as much o f  t h e  
g raz ing  l a n d s  a m  c o n s i d e r e d  too poor  f o r  c a t t l e .  Water ho lee  o r o  fovr. 

The p r i n c i p a l  a q u i f e r s  o f  t h e  region m e  the  ksrmian  mndetoneo, 
the  T r i a s s i c  Shinarwnp conglomerate, t h e  'Turnssic ( 1 )  iTnvaJo se,nciotone, 
the J u r a s s i c  Zow Sprineo sandstono,  the Cretaceouo Dakot n aonds tono ,  md 
the sandstone mcmbera of t h e  Cretnceoue Xesaverde formation.  Quatarnory  
alluvium y i e l d s  v a t e r  to w a l l s  i n  somo p l a c e s ,  bu t  i n  most p laceo  t h o ~ c  
supp l i e s  a r e  oubject to f a i l u r e  i n  t i n e  o f  drought. 

Nnny more w e l l s  can be d r i l l e d  f o r  l i ves tock  and dcrnogtic uoo with- 
out  overdeveloping t h e  p s i n c i p a l  a s u i f e r s .  There i s  l i t t l e  chance fo r  - - 

developing e;round-+rater s u p p l i e s  f o r  i r r i g a t i o n ,  hot terar ,  except from tho 
alluvium i n  p laces  where r echa rge '  i s  abundant.  

PUR?OSE AND SCOPE OF I I . ~ S T I G ~ I O N  
. . 

The G r o u d  Water Branch o f  .;he Un i t ed  Statee Geological  Survey i s  
now engnged i n  a reconnaissance  0:' the ground-,rater reoourccn and  geology 
of  t h e  r e g i o n  gene ra l ly  known a o  ;he !'avejo country,  v h i c h  l i e o  i n  north- 
e a s t e r n  Arizona,  n o r t h v e s t e r n  :.iew '. exico , and s o u t h e a s t e r n  Utah. The 
work is b e i n g  done at the r equee t  o f  the Off ice  o f  Indian A f f a i r s  and i a  
f i n m c e d  by t h a t  o f f i c e .  The purpose o f  t h e  work i s  t m f o l d ;  To a i d  
the Indian O f f  i ce  c u r r e n t l y  ' i n  l o c a t i n g  a n d  develop ing gro'und-wat e r  sup- 
p l i e s  for  l i v e s t o c k ,  d o ~ e s ' t i c ,  and community ueo; and .  to p r e p w e  o. com- 
prehensive r e p o r t  o n . t h e  g r o u n h w a t e r  r e sou rces  and  geology of t h e  r eg ion ,  
vh ich  brill s e r v e  aa a guide  to' f u r t h e r  development end u t i l i z a t i o n  of 
the a v a i l a b l e  wator supply. 



!Re inves t iga t ion  i a  under t h e  genera l  eupervieion o f  A. N. Sayre, 
geologist  i n  charge of  the Ground Water Branch of t h e  Oeological Survey, 
and under the d i r e c t  auposvision of the au thor  of t h i a  report,  The work 
has been aided by review and consul ta t ion  wi th  thb heada o f  the  d i s t r i c t  
o f f i c e s  i n  Arizona, New Mexlco, and Utah3 Yqsers, S. F, Turner, C. V, 
Theis, &d H. E. Thomas, 

The llavajo country includes t h o  a rea  occupied by tho Navajo and 
%pi Indian Reservat;iono, and comprises oome 16,000,000 a c r e s  or about  
25,000 square milos. Most o f  tho region is ic Arizona (sae pl. l ) ,  Roade 
within the ragion are mostly d i r t :  a few have beon grave l l ed  i n  r e c e n t  
years, but no paved roads e x i s t  except, along tho bordero o f  tho  reeervor 
tione. U. S. Highway $9 crosooe the wootorn sido, U. S. IIighway 66 l i e e  
along t h e  southern s i d e ,  and U. S. Highway 666 croesso  the eaotern s ide .  
The A. T. ti S , F. Railroad par a l l e l e  U. S.  Hightroy 66 along tho southorn 
border of t h e  region. 

Them are no incorporated towns on t h e  Navajo and Hopi Reaarvatione. 
Tho communities uro mostly g o v e r ~ o o n t  owned, and were conotructsd t o  pro- 
vide schools,  h o s p i t a l s ,  and other  s e r v i c e s  f o r  tho Indians. T r a d i x  post 
at most of the places nhown o n  pla te  1 oupply tho res idonta  with tho nacea- 
s i t i o a  of  l i f e ,  and t h o  ouppllea are brought i n  by t r u c k ,  Gallup and 
Farmfngton, N, Wex., and Holbrook, Wlnulow, and Flagstaf f ,  h i z . ,  are tho 
trade centore  fo r  t h e  region. 

PREVIOUS INVESTIGATIONS 

P r i o r  t o  beginning the regional  Lnveotigation on October 20, l9w, 
tho  Ground Wator Branch had been working on a l iml tad  osale i n  tho reg ion  
ainco J a m y  1948, a s s i s t i n g  tho Indian Of f ice  i n  locating and dovolopine; 
ground--water supplios, A 1 1  t h e  datd c o l l e c t e d  during that pe r iod  w i l l  
be incorporated i n  tho f ina l  report, 

From 1942 to 1948 tho Technical Cot l ina%ion Branch of  tho Watar 
Resourceo Division, Geoloeical Survoy, furuishod occasional  a sn i s t anco  
i n  selecting s i t e o  f o r  water ~0113. H. V. Peterson, geo log i s t ,  was i n  
charga o f  t h i s  work. 

Y r o m  1934 to 1940 tho S o i l  Coneervntion Service, Dopartrnsnt o f  A&- 
cu l tu ra ,  complied well recordo, furnished geologic informat ion, and gener- 
a l l y  a ided  the Indian Office i n  doveloping grounLwnter nupplies i n  t h e  
region. 

I n  1316 t h e  Geological Survey publiehod Watcr-Supply paper  360, 
"0 Nsvajo Country - A geographic and hydrogrqhic  reconnaiaeanco of  
p a r t s  o f  Arizona, New Mexico, and Utahn, by H. E. Gregory, Thin i s  the 
most comprehensive r e p o r t  ava i l ab le  o n  the grounLwatsr  raoourcee o f  t he  
region, 

The w r i t e r  is grea t ly  indebted to many o f f i c i a l e  o f  the Off ice  
o f  Indian Af fa i re  for  t h e i r  coopera t ion and seeietance.  Many thanks a r e  
espec ia l ly  due to Messrs, J, J. Schwarz, C. Wilson, and L. Kingsley for 
their guidance in the f ield and h e l p f u l  hiec;ueeian\ . . of problems, 

wee 

D i  a' 

ao 
o na 
COU 
tho 

n nd 
Chn 
roe 
Co 1 

n t 
of 
5 * 5 
m i l  

of  
OCC 

lm 

Pox 
l o r  
R nr 
10: 
Thc 
Plot 
Par 

, 

Y 
Y or 
t i c  
inc 
9.' 

19 51 
and 
fror  

affl 
cha 



The c l o s e  cooperatibn and lpmmpt &'B~lst€in~e rendered by tho buth- 
weatern Laborator,v of t h e  Qua l i ty  o f  bI8ter Branch, Albuquarque, N. Max., 
i s  g r a t e f u l l y  acknowledged. P e r t i c u l a r  t h ~ n k e  are due t o  J, D. Hem, 
D i s t r i c t  Chemict, f o r  h i s  a id  i n  d e f i n i n g  qual i ty-of-water  prohlnmo. 

The Navajo country i s  a part of tho phye iog r~ph ic  province  knokm 
as the Colorado P l a t e ~ u ,  a l c r a t e d  a r e a  occupying p n r t e  of Utah, Aria- 
ona, Colorado, and New IvTexico. Tho Now Nexico p r t l o n  o f  ,tho Krzrajo 
count ry  is a par t  o f  t h e  Sen Juan h i3 in ,  md t he  Arieonn p o r t i o n  conprince 
t h e  Black Mesa Baain. 

The re'&on 2.:08 w i t h i n  tho d r ~ i l l ~ g e  hnnin of the Colorndo River ,  
and tho  p r i n c i p a l  t r i b u t n r i a a ,  Ln the N R V R ~ O  count ry ,  nre tlia Snn Junn, 
Chaco, Puorco, and L i t t l e  Colorado Riparn,  In the  wntern p n r t  o f  t h e  
reg ion ,  deep cnnyone have boon cut by the Smr Junn, L i t t l a  Colorndo, nnd 
Colorado R ive r s  aa much no 3,000 f c c t  bo1on the p r e v n l l i n g  lntrtl ~ u r f n c ~ .  

The ~ l t i t u d o  i n  tho Xovnjo country rnngerr flnn nbout 2 ,ROO f a i t ,  
at the  mouth of the L i t t l o  C o l o r n h  River ,  to 10,111G f o e t ,  nt the  top 
o f  Navajo Bfountain ( a m  p l .  I). 'Ilm menn sltl tudo o f  t h o  rcy,ion i s  nhout 
5,500 f e e t ,  wi th  o n l y  156 squnro milea bolow 11,000 f o o t  nnrl o n l y  112 nqunro 
miles  above 9,000 f o o t  ( ~ r e g o r y ,  1317, p .  11). 

Mesas, bu t t eo ,  and canyons nro t h e  primnry topogrnpliic f e ~ t ~ ~ r e n  
o f  t h e  Navajo conntry. Erooion r o n u l t l n c  from the  ntrong wincln nnd from 
occaoional  t o r r o n t i a l  r n i n o  hno producod n lnnrlncnpo t h n t  I n  .slinrply nnmr- 
lar in appearnnco. 

The c l i m a t e  o f  tho Hnvojo country i n  one o.t nxtrernes, both o f  tom- 
p e r a t u r a  and p r e c i p i t a t i o n .  Tho nummeru nre  h o t  nn(1 the w i n t e r n  nre c o l d ;  
long  dry s p e l l s  a r e  punctuated by in tonee  s t o m a  o f  o h a r t  d u r ~ t i o n .  H o ~ n  
annual  t e q s r a t u r e  is of tho o r d e r  o f  55' I?., with extremes r ~ n g l n g  from 
105O 3'. downvtrard to -a0 3'. Msnn preclpi ta t lon is tibout 10 lmhoo  n yonr.  
The p r e c i p i t a t i ~ n  i s  g r e a t e r  t h m  the  mean on the  Chuska ~ n r 1  Carriza 
b!ountains, Mavaj: Vountain, ond Block Kesa. Prec ip i tF t t ion  on t h e  nontarn 
p a r t  of t he  Uavajo R e s e r v ~ t i o n  mrernges  bout 65 i n c h a ~ ~  R year. 

R a i n f a l l  varies wide ly  from ona y a m  to nnother. O c c ~ s i o n a l  w ~ t  
-years are succaedeC by dry yaors, and some drought p9rioRfl I n s t  f o r  aavarnl  

years. The average r a i n f a l l  a t  11 f le lected e t a t ion8  i n  t h s  Arizom por- 
t i o n  o f  the r eg ion  i s  9.22 inches p e r  year. h r i n g  tho 5 y a m s  13116-50 
inc lus ive ,  averege p r e c i p i t a t i o n  vaa as followa: 1916, 13.64 inchoe; 1911.7, 
9.35 inches; l g k 3  7.94 ificches; 1943, 9.53 Inches; find 1950. 4.45 inches,  
The drought t h a t  ?mgm l n  the fall o f  lgbg ha8 not  aoat od as o f  July 1, 
1951. Records from the 11 stiztiono were aveilabre through Apr i l ,  1951, 
and t h e s e  recozds  f n d i c a t s  t h a t  the cumulative d a f i c l a n c y  i n  pr eciy i t n t i o n  
from January L, 1949, t o  May 1, 1351, wa8 5.28 inches. 

Tho ground-mter  supplies o f  tho Navajo count ry  a re  profoundly . 
a f f e c t e d  by tho dominating f a c t o r s  o f  topography end climate. Straam 
channels h ~ v e  oteop g r a d i e n t s ,  m o f f  i o  rapid, and consequant ly there 



1.8 l i t t l e  opportunity for  p r  ec , ip i t a t ion  to percola te  in to  the  ground. 
k c a l l y ,  water tha t  may have antered . the ground emergeo.doep i n  .inacaae- 
sable  canyons from rock e t r a t a  which i n  o t h e r  regions might b e . a a t i s  
factoxy aqu i fe r s ,  Water t h a t  has p e r c o l a t e d  in to  t h e  ground on oome nesao 
i s  r e tu rned  to the l and  su r face  by seepage along tho base. 

The c l ima te  o f  the  reg ion  a l so  hes an e f f e c t  upon the  ground-tmter - 

suppl ies .  Summer r a i n s  are o f  the t o r r e n t i a l  typo, and most of t h e  pre- 
c i p i t a t i o n  rune off  without adequate opportunity to ente? the ground. 
Recharge from wintor storme and from onow-molt i e  g r e a t e r  than from sum- 
mer ra ine ,  bu t  tho t o t a l  annual  p r e c i p i t a t i o n  i o  o m a l l  and therofore  tho  
t o t a l  rechargo i s  o m a l l .  , 

The inadequate water supply o f  the rogion is  r e f l e c t e d  i n  tho typo 
of vegeta t ion.  Range lands a r e  F o r  owing to the inadequate r a i n f a l l ,  . 
and most of  the  land i s  considerod unoui table  f o r  r a i a i n g  c a t t l e ,  Sheep 
r a i s i n g  i s .  tho  p r i n c i p a l  induotry o f  tho rogion, and even t h i e  a marginal 
undertaking. tlater holeo a r e  few and the oheop f requent ly  hnve to  be 
herdod 8 to 10 milea t o  water. . Overgrazing i n  tho v i c i n i t y  of wator holes 
d8 cnmmn, r e s u l t i n g  i n  a tendency t o  incroase erosion. I n  a fow remote 
m e a s  where graos i e  o f  b a t t e r  than average qual i ty ,  v a t e r  f o r  livestock 
i s unavai l a b l e .  

I r r i g a t i o n  by l i v o r s i o n  of  wator from otromo i s  being p rac t i cod  
i n  some p a r t o  of the region. The lurgoot  potential i r r i g a t i o n  p r o j e c t  
io  south  of Shiprock, with proposod divers ion of water from tho San Juan 
River,  A dam on Chinle \!ash near Nmy Fama,  i n  tho c e n t r a l  p a r t  o f  tho 
Reservation, fu rn i shes  wator f o r  a. small i r r i g a t i o n  pro j e r t .  S i n i l m  
smcll-scale i r r i g a t i o n  pro j e c t e  a re  at Moenkopi, Canado, and Tohatchi. 
Near Tohatchi, flowing wells. y io ld  s u f f i c i e n t  wator fo r  i r r i ~ n t i n g  a small 
acreage. Generally the re  j .a  l i t t l e  hope f o r  extonoive i r r i g a t i o n  from 
groundcvat o r  supplies. 

GFX)IOGI C FOR1ATIONS A_ND THEIR \!ATELBEARING PROPERTIES 
. . . . 

Stra t igraphic  r e l a t i o n e  i n  tho  Navajo country a r e  d i f f i c u l t  to 
determine, and i n  many cases ' the same f o , m a t i o n . o r  equivalent  s t r a t i g r a y ~ h l c  
u n i t s  havo different naneo a t  d i f f e r e n t  p laces .  A t  t h e  timo t k i o  peper .  
was wri t t en  the  geologia f i e l d  m r k  Wacs fa r  from complete. Tho follow- 
ing discuseion of t h e  goology of the  Navajo country i s  h ighly  genera l ized 
and is intended only a o  a background f o r  t h e  descr ip t ion o f  tho ground- 
v a t e r  resources of the rogion. 1nformn.tion avai,lable on t h e  q u a l i t y  o f  
water obtainable from the d i f f e r e n t  formations i s  no t  ,complete and h a a  
not been f u l l y  analyzed a t  t h a  p resen t  otage o f  inves t igat ions .  

I 

. . 

S I U T  I GRAP HY 

Paleozoic  rocks 

Rocks o f  the permian. t h e  ? e k s y l v a n i a n  ( 1 )  , and the Miss les ippian 
syatems crop out  i n  t h e  walls o f  t h e  canyone o f  the  Colorado River  and 
the L i t t l e  Colorado River, at :the extrome western edge of  the  Navajo country, 

I 
I Rocks of the  upper p a r t  of t h e  Pormian crop out  i n  small areae throughout 

the eas te rn  half o f  the reg ion .  Only the  upger.200 to 800 f e e t  o f  the 
Permian rocks hnve economic value  ao sources of  ground water  i n  t h e  lravajo 
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The l a r g e s t  muroe o f  water i n  t h e  region that  i e  available from 
rocks o ldor  than Permlan i s  Blue Springs, ~ Q i c h  insues from the Missisai-  
ppian Redwall limestone i n  the bottom o f  a 2,2001fout canyon d o n ( :  t h e  
L i t t l e  Colorado River about 13 miles upstream from its confluence with 
the  Coloracio River ,  Thfo apr ing flows about 90,OOQ gallono p e r  minute, 
but the water i s  inacceseible f o r  uee b y  the , I n d i m s  and i e  o f  poor q u a l i t y  

Permian .system , 

Permian sanclstone, o v e r l a i n  by Permian lilaeatone, crops out  i n  t h e  
southwest pa r t  of  the reg ion  !in the  v i c i n i t y  o f  Cameron, and west of U. 
S. Highway I39 near  Cedm Ridge. ' This s a n h t o n e  i s  known a8 t h e  Coconino 
oandstone and t h e  overlyfng limestone as %he K ~ i b a b  limeotone, I n  Nonu- 
ment Valley, and i n  Canyon DoCholly, a sandstone of ~ p p r o x i m a t e l y  equiva- 
l e n t  ~ g e  is r e f e r r e d  to ae the DoChelly qndn tono  menber.of tho Cutlor  
formation, Southeaot o f  Gallup;  IJ. Mex.', ' 2n t h e  Zuni Mountains the  eand- 
stone and overlying limeotono a r e  knotm c o l l e c t i v e l y  a s  t h e  Sm Andrea 
formation and ind iv idua l ly  a s  t h o  G l o r i e t a  oandstono member and the 
l in i~o tone  member, Theso Permian ' hcks  'underlie rr Largo p a r t  o f  tho  Mavajo 
country . 

The Permian eendatonee of  t h e  rogion are x t o r - b o a r i n g  i n  ms t  places ,  
However, i n  many placea they l i e  too deopbenoatk tho l a n d  nurfaco to be 
wi th in '  economic d r i l l i n g  and pumping l i m i t s ,  and i n  o t h o r  l o c a l i t i e s  t h e  
water they conta in  i s  of unsu i t ab le  q u a l i t y  foi* domostic uee. 110110 t h a t  
y i e l d  water from t h e  Coconino oandstone have been d r i l l e d  i n  t h e  Nnvajo 
Reoarvation a t  P ine  Springe, Klagotoh, Q~nndo ,  S t .  Nichaela, a d  near 
Cameron and' leupp,  In the Fort  Wingnto, N. Nox., a r m ,  w d l o  y i e l d  watar 
from both the limostone member end tho Glor io ta  aandntone momber o f  tho 
San Andreo formation, In t h e  Navajo country, t h e s e  Pormian aandotoneo 
genera l ly  are  c lean  and w e l l  sor ted  and r e l a t i v e l y  free  o f  cemonlation, 
thus allowing f r e e  movemont of  water both v e r t i c a l l y  and l a t e r a l l y .  

Meoozoic rocks 

Efoenlcopi formati=. - The lowcrmoot o t ra ta  o f  Tr iaos ic  age t h a t  
occur i n  t h e  Navajo country comprise tha f:;oenkopi formation, an assemblage 
of s i l t s t o n e ,  claystone', and aandatone beds that  l i o  unconformably on 
t h e  Permian rocks, The th ickness  ranges from a few f e e t  t o  more than 400 
f e e t .  The Moenkopi formation crope out i n  a b e l t  p a r a l l e l i n g  t h e  L i t t l e  
Colorado River do~mstream t o  Cameron and thence nor th  near U. S. Highway 
89 to Lee's Farry. Rocke o f  the Moenkopi formation nloo a r e  e?cpoaod i n  
Monument Valley. The Moonkopi crope out  along U. S. Highway 66 a few 
milee oaat of  Sanders, Ariz. I t  i s  believed that  t h e  Moenkopi formation 
under l i e s  most o f  t h e  Arizona por t ion  of t h e  region. 

The Moenkopi format 4 ~ n  heis no value as an aqu i fe r  i n  the ITavaJo 
country because t h e  quan t i f i eo  obta inable  aro mal l  and t h e  h igh mineral 
content  makes the water unfit eve2 f o r  l ives tock  uso.  

. S h i n a m  conglomerate. - The Shinanxmp conglomerate unconformably 
o v e r l i e s  t h e  Woenkopi f o r n a t i o n  in  most p a s t s  of t h o  ' region,  and .where 
t h e  Moenkopi i s  not present ,  i t  l i e s  on Permian rocke. The Shintihag 
conglomerate i s  composed o f  roundod pebblen and gravels ,  fragnsnts o f  



pnti*if icd wood, oondntono, a i l t  ntono, nnd c loyotono. 1k l o  bo l iovod t h n t  
t h o  formntion i o  tho i n t r o d u c t o r y  phnao of t h o  nodimontary ooquonco t h n t  
includon rtluo t h o  Chin10 formntion, In  tho Nnvnjo coun t ry  tho thlclcnooo 
rnncoa from a b o u t  30 f o o t  to o v o r  150 f o o t .  Tho Shinrwump con&omorn.to 
crop0 o u t  i n  n b o l t  a l o n g  tho L i t t l o  Colorndo Rivor t o  Cnmoron, thonco 
n o r t h  nlon,; U. 3. 1li~:hwny 89 t o  Loolo Forry.  Tho formntion cnpo tho m o b  
Wm-do i n  l.lonurnont Vnlloy,  nnd c m p o  o u t  i n  n b a l t  aouthwnrd d o n e  t h o  
Dofinnco u p l i f t  from Round ~bclc t o  IJ. S. ~ i g h w a y  66. Anothor a ron  o f  
Oqonurou  l i ou  d o n ( :  t h o  nor thorn  f 1 t . d ~  of t h o  Zuni Kountninn. 

Tho wntor- bonring propor t i o o  of tho Shinnrump co n~ lo rno rn to  a ro  
fnvornblo.  \I0110 that t r ~ p  tho 3hinrir.ump con~lomornto  hnvo boon d r i l l o d  
i n  Blnck Crook Vnlloy, a long  U. S. IIighwny 66 oclot o f  Onllup, n o r t h o n a t  
o f  Ohinlo, nnd along t h o  aouthorn and oouthwootorn m n r ~ i n o  o f  t ho  Navnjo 
Inclinn I h  uorvnt ion,  

Chinlo fonnntion. - Tho Chin lo  formt l t ion  conformnbly ovor l ioo  t h o  
Shinarump c o n c l o m o r n ~ .  I n  tho Nr\vuJo coun t ry  tho formation i e  d i v i a i b l o  
i n t o  t h r o o  momboro; n lowor mombor componod noo t ly  o f  t s i l tn tono  and onnd- 
atono bodo: 6 middlo mornbor t h n t  i n  prodominntoly clnyotono b u t  i n  t h o  
oaa to rn  p n r t  o f  tho r o c i o n  contn ino  onndutono bodo; nnd nn uppor nombor 
t h n t  comprinoa a l t o r m t i n g  bodo o f  a i l i c o o u n  limootono and o i l t o tono .  
An i r r o p p l n r  oronionnl  unconformity n f otr f o o t  nbnvo t h o  top o f  ' tho  uppor- 
mont lirnontono i n  connidorod t o  bo t h o  uppor  boundnry o f  tho fo rmnt ion ,  
Thin p o o i t i o n  noclrly coinaldon w i t h  tho top o f  tho I11)l1 roombor o f  tho Chinlo 
fo rma t ion  no donoribod by Oroco r y  (1917, p.  42). Tho Chinlo for rmt  i o n  
cropu o u t  ovor n lnrgo p a r t  o f  t ho  1.1nvnjo country;  tho thicknono rnnging 
from nbout  900 foot  to ovor  1,1100 foot .  Along tho aouthorn m d  nouthwootorn 
oidoa o f  tho rog ion  tho  formntion i o  oxyoood i n  a b o l t  mnny mi loo  wid0 
forming tho Pnin tod  Dooort,  .Northwnrd from t h o  L i t  t l o  Colorndo Rivor nt 
Cnnoron tho b a l t  bocomoo nnrrowor, nnd oxtonde n l o n ~  t h o  wont eido o f  
Echo C l i f f o  t o  Looto P o r r y ,  Tho Clllnlo formation i o  oxponud i n  tho aouthorn 
p n r t  o f  k'onwnont Vttlloy nnd i n  (1 wido b o l t  oouthtrnrd f rorn Mny Ynrma t o  
Gnnorlo i n  Chin lo  Vnlloy, i n  nno thu r  b o l t  oouthvnrd from Rourd Rook n long  
t h o  woot oido o f  tho Chuukn Yountnino a n d  clom Dlnclc Crook Volloy t o  n 
p o i n t  r~bout  7 rniloo o o u t h  of S n i n t  Michnolo, mil i n  a b o l t  oxtonding onut- 
iwrd n l o n ~  tho  north f l n n k  of t h o  Zuni Vountnina. 

Tho Chin10 formnt i o n  i a  n o t  o b t i o f n c t o r y  no nn a q u i f o r  i n  moot pnr to  
o f  tho lhvcljo Country. Ground wntor i n  tho Chinlo formntion g o n o r n l l y  
i o  too h i g h l y  minornl izod to b o  ou i t ab lo  f o r  domootic uno, a l though i t  
i s  uounl ly  ~ u i t n b l o  for livootoclc, In moot plncoa o n l y  limftod aupplion n r o  
ovn i lnb lo  boanuoo tho w a t o r - b o n r i n ~  onndotono bodo n r o  t h i n  nncl of l i m i t  cd 
m o d  oxtont .  I n  Dlnck Crook VRlloy t h o  onndotonoo o f  tho Chln lo  form&= 
t i o n  y i o l d  wntor  moro r o n d i l y  t o  wolla.  I n  tho  uroa n o r t h  o f  tho Z u n i  
Nountninu, r l l o n ~  Uc S. Ifi&hwny G6, n prominent nnndotono in  t h o  middlo 
mombor c a n t n i n o  eround wntor undor  sufficient nr tooinn  prooouro to cauoo 
aomo w c l l a  t o  flow. 

Ju roaa io  ( 1 )  nyotom 

A rooont prpor by IInrohbnr&or, A o p o m i n ~  and Jnckoon (1951) dooariboo 
tho  ooourronoo, I i o t r ibu t ion ,  and ro ln t ionoh ipo  of t h o  Jurnonio  rocke  
o f  tho  k v n j o  covntry. In  o r d o r  to rn in in ieo  r o p o t i t i o n ,  tho dioouooion 
sf Jurnooio roolco i n  this r o p o r t  w i l l  bo b r i o f ,  

O l o n  O n n p n  g m u ~ .  - Thio group i n  cona'idorod t o  bo of  J w n o s i c  ( 1 )  
nco, Tho group includes, i n  nnaonding ordor ,  tho Wingato onndetono, tho 
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Kayenta formation,  and t h e  Pavajo siuldetone, The prlnoipal RreR o f  out- 
c r o p  i s  i n  t h e  northwestern p a r %  of the  r e g i o n  m i nc ludes  Ka ib l to  P la te f lu  
and t h o  a r e a  from Kayenta to  Wexicm Nitor. '  Smaller nroaa  of o u t c r o p s  
a r e  a long  the e a s t  s i d e  of Blwk Creek Va l loy  and at t h o  bane o f  t h e  c l i f f s  
a long  U. S, Highway 66 e a s t  o f  G n l l ~ ~ .  

The \ f i nga te  sandstone does n o t  y i e l d  water  t o  wollo i n  most p n r t e  
o f  t h e  reg ion ,  No we l l s  a r e  known t o  y i e l d  w ~ t e r  from t h e  Kayonta formn- 
t i o n ,  The Kavajo smds tono  c o n s t i t u t e s  ono  of t h e  b e s t  aqu i f e ro  i n  tho  
No.vajo country. On Ralb i to  P l e t o a u  tho annua l  p r e c i p i t a t i o n  is s m ~ l l ,  
bu t  dra inage  i s  poor  and a l a r g o  p a r t  o f  t ho 'mo i s tu re  t h a t  f ~ l l s  evnporcltes 
o r  i s  absorbed by the  rocks .  The w ~ t e r  thcit' i s  absorbed p e r c o l ~ t e a  down- 
ward through tho  Navajo s'endstone t o  tho top  o f  tho  undor ly ing  r e l a t i v e l y  
impermeable Kayenta formation, Tho Nave. Jo sandstone i s  water boa r ing  
except  i n  t h o s e  p l ~ c o s  where locnl.  s t r u c t u r a l  deformation hns rai ocd the  
formation c , b v e  the  water  t ab l e .  The f o ~ r n a t i o n  i s  r e l a t i v e l y  f r e e  of 
s o l u b l e  mlne ra l  ma t t e r  nnd t h e r o f o r e  t he  ground water i t  c o n t a i n s  l o  o f  
good q u a l i t y  u n l e s s  c o n t m i n a t e d  by s o l u b l e  mo t t e r  dissolvoo from o t h o r  
format ions.  

J u r a s s i c  systom 

San Rnfael  group. - ' T h i s  group u n c o n f o m a b l ~  o v o r l i o s  tho Clan  C ~ n y o n  -- 
group and i o  of d e f i n i t e  J u r a s ~ i c  nee. The Sm R ~ f n e l  group i n  the  Navajo 
count ry  includes, i n  nscending o r d e r ,  t h o  Cnnnol forrncit i o n ,  tho Entrnda 
s m d s t o n e ,  t h e  Tod i l t o  lirneotono, ~ n d  t h e  S m o r v i l l e  formation Tho 
a r e d  d i s t r i b u t i o n  of tho  Sm Rnfaol  i o  l s s n  extensive t h a n  that o f  t h e  
Glen Canyon. San Rafaol  s t r a t a  form n b o l t  ~ l m g  the pe r iphe ry  o f  Bhck 
Nesa, southwmd from the  Pour Cornors a r o n  a long  tho v e s t  s ide  o f  tho 
Chuslca ETountnins to  Lupton, Ariz., nnd p a r a l l e l  wi th  U. S. Highvr~y 66 o n s t  
o f  Gallup. 

The rocks  o f  t h e  Ean Rafae l  group a r o  n o t  considorod good a q u i f e r c .  
The C a m e l  fonna. t ion y i e l d s  l i m i t e d  ouppl i sa  o f  water t o  wel l s  i n  n f e u  
places. The p e r m e a b i l i t y  o f .  t h e  Entrada sandstone i o  gonora l ly  low and 
it i s  not  a s a t f s f a o t o r y  a q u i f e r  i n  moot p l ~ c e e .  The T o d i l t o  l imes tone ,  
~ i .  dense, p l a t y ,  m f r a c t u r o d  unit, i o  not vator-bearing. I n  tho Nrtvajo 
coun t ry  t h e  Sumiiemille formation c o n s i s t s  o f  i n t s r c a l a t e d  mudotone anb 
p o o r l y  s o r t o d  se.ndstono. . Duo t o  t h o s e  poor  brator-banring p r o p o r t i o s  the 
format  i on  doeo no t  y ie ld  va t  e r  r e a d i l y ,  

Cow Spr ing3  smds tone ,  - According t o  Harshbarger,  Reponning, and 
J ~ c k e o n  (1951) some of t h e  Uppor J u r a e n i c  u n i t s  i n  tho e r e a  grnde l a t e r -  
~ l l g  gouthwestwird i c t o  a d i s t i n c t  anndetone fnc i ee .  Thlo  cnndtitono f w i e o  
i s  be l i eved  t o  b e  p r imar i ly  wind depon i t sd ,  and from i t a  optlnum d e v e l o p  
ment nea r  .Cow Spr ings ,  A r i z . ,  h a s  been n m e d  tho  Cow Spr ings  snndstone 
by Harshbnrger (1951). The Cow Spr ings  sandstone y i e l d s  water t o  we l l s  i n  
mnny p a r t s  o f  t h e  Navajo countqv. I t  i s  be l i eved  that, w i t h  more knowledge 
o f  t h i s  u n i t ,  ground water  can b s  daveloped i n  many l o c a l i t i e s  i n  su f f i c i sn  
q u a n t i t i e s  f o r  l i v e s t o c k  and domestic. use.  

Morrison f a r m t i o n .  - In t h e  NavaJo country the  Morrison format ion  - 
is  r ep resen ted  by f o u r  members. These are, i n  aocending o rde r ,  t h e  Bluff 
sands  tone member, t he  Recapture s h a l e  member, t h e  Westwater Canyon sand- 
s t o n e  msmber, and t h e  B r u s b B a s i n  s h a h  member, Both t h o  99capture  and 
t h e  Bruahy Basin members w e  h igh  i n  c l a y  con ten t  and g e n e r a l l y  a r e  con- 
s i d e r e d  poor  a q u i f e r s .  The Bluff sands tone  member c o n t a i n s  beds o f  well 



sor ted ,  c l e a n  sand a l t e r ~ a t i n g  with t h i n  poorly so r t ed  s i l t s t o n e  beds. 
The member y i e l d s  water  ;o three flowing wel l s  i n  t he  a r ea  between Toad- 
l ena  and !5hiprock, N. Mc,x. similar l i t h o l o g i c  r e l a t i o n s  a r e  present  i n  
the Westwater Canyon sa:ldstone member and i t  i s  considered a po t en t i a l  
aquif e r a  

Cretaceous system 
,. . , 

Dakota sandstom, - The Dakota sandstone i s - t h e  lowermot o f  .tho 
~ r e t aceo l l s  rocks i n  the. .region,  This  sandstone is .composed pr inc ipa l ly  
of medim- t o  aoa r s eg ra ined  sand wi th  a few ,conglomeratic lensear In 
some places t h e  sandstone is divided in to  two un i tu  by an intervening 
zone of r l i l tatone and clayatone with some coa1 , lenses .  The Dakota sand- 
atone i s  widely d i s t r i b u t e d  i n  the IJavajo country. The formation crops 
out doq; tlile ~nargine of Black Elesa and a long the weat  and south s idos  
of t h e  San Juan Basin. The thiclcnese ranges from a few f e e t  t o  100 
f e e t  i n  t'he region. 

Tho Dakota sandstone i s  considered a good aqu i f e r  i n  the Navajo 
countrg', Many wel ls  i n  t h e  southern p a r t  o f  Black Ktaa and along the  
margins o.f t h e  San Juan Basin  obtain water from t h e  formation. 

Manco s shale. - Conformably over ly ing  the. Dakota sandstone, the  - 
EIencos sha le  cons i s t s  of brown t o  black s i l t s t o n e  and clayatone w i t h  
occassiona:l th in ,  s t reaks  o f  sandstone. and gypsiferous atr ingera.  I t  is  

' from 500 t o  more than  1,000 fee t  t h i c k ,  The .Manco a ohale cropo o u t  
around the margins o f  Black Mesa and along some of  the stream course8 
wi thin  the mesa; along the  southern and.southwestern s ides  of the San 
Juan Basin! and i n  a large  aroa extending northtrard from Toadlena to  the 
type l o c a l i t y  in southwestern Colorado. The Kancos :shale  i s  n o t  water 
bearing i n  t h e  Navajo country. 

Mesavttrde - formation. - 3ying conformably abovo the Mancoe nhale,  
the Nesaverde formation cons i s t s  o f  a l t e rna t i ng  beds  of smdotone, s i l t -  
s tone and cl.aystolio. Coal commonly o ixurs  i n  the sha le  u n i t c ,  The forma- 
t i o n  has Been divided in to  many members, but  a d e t a i l e d  discuss ion of 
them i s  beyond ,the scope o f  th i s  r epo r t .  I n % t h o  eouthoastern p a r t  of 
the Navajo country t he  following members comprioe t h e  Mesaverde f o  nnation 
i n  ascending order: the Gallup sandstone member, t he  D i l c ~  coal ruembor, 
the Dalton sandatone member, the B a r t l e t t  barren member, t h e  Gibson coal 
member, the  Bosta sandstone member, and t h e  Al l ison sandstone member. 
(Sears, J. D., Hunt, .C, B e l  and.Hendricks, T. A , ;  1941 pp. 101-119). 
Some of the  sandstone members,are 250 f e e t  o r  more thick and extend over 
several  hundred square rniles , ,. The - aggregate thickness o f  those members 
i n  t h e  Gallup-Ztmi a r e a  i s  o f  the o rder  o f  2,000 f e e t .  The Mesaverdo 
formation c rops  ou t  over most of Black Yesa and t h a t  p a r t  o f  tho Om 
Juan Basin which l i e s  i n  the:Nava,jo:country. . .  

The sandstones of t h e  Nesaverde.. formatton c o n s t i t u t e  one o f  the 
b o s t  aquifers  of t h e  region.  Throughout. %he San Juan Basin dozens of 
a r t e s i an  w e l l s  produce water  from these  sandstones. Few wells  have been 
d r i l l e d  i n  t h e -  northern p a r t  of Black Mesa, but i n  the southern p a r t  the  
Mesaverde . formation y i e l d s .  water t o  e o v e r ~ l .  wells.. 
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Quaternary system 

Alluvial  deposits, consis t ing nost ly  o f  fine-grained unconool idntail 
oand with some gravel,  s i l t ,  and c l a y ,  underlie moat of t h e  otranme NIA 
drainage channels i n  the region, The thickness o f  them depoofto rnngon 
from a few inches to a maxtmum of about 200 feet ,  but i n  moot placao tho 
thickneeo i a  lees  than 50 f e e t .  

The Quaternary alluvium is  water bearing i n  thoso plaaoo whoro ro- 
charee i o  availcrble from springs or  flood runoff. Vfhoro thcro i a  10 
feet  o r  more o f  alluvium below, the tab lo  thero i o  u o w l l y  nuff i a i o n t  
trator avai lable  to supply a .dug well o r  an i n f i l t r a t i o n  gal lory,  Ilovrovar, 
the storage capacity o f ' t h e  alluvium i s  small, And the  vator  tnblo fluc-. 
t u a t e a  rapidly in response to  changes in the r e l ~ t i o n  bctweon rochnrgo 
ond discharge. Furthermore, down-cut t i n g  o f  the a troamo hao lotmrod 
tho water t ab l e  i n  many p laces  snd reduced the  storage cnpacity of tho  
a1 luviwn , 

IGNEDUS ROCKS 

Igneous rocks i n  the l?ava,jo country occur a0 dikoo, nocko, ond lnvn 
flowa. ~ h o  region i s  dotted with these  igneoun rockn, p a r t i c u l w l ~  i n  
tho Hopi Buttes volcanic f i e l d  south of  the Hopi Indian Villagon. Tho 
ignoous rocks of the  region are n g t  knotm to be water boaring except I n  
Bueli Park, where springs i s s u e  from agglomeratic breccia. Threo upringo 
i n  Chis area yield  150 t o  250 gallons per minute. 
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h U O R  S~~UWlJRAL AtD THEIR RELATION TO WilTER SUPPLIES 

The major  s t w t u r a l  f e a t u r e s  of  t h e  IJnmjo coun t ry  a r e  tho  Blnck 
Basin, t h e  southwestern p a r t  of t h e  San Juan  Basin m d  t h o  intorvw*. 

in€; Defiance u p l i f t  ( s e e  p l .  1) .  Ttm S l a c k  Nesa Basin i s  i n  t ho  Arizona 
p a t  of t h e  NavaJo country.  The eaetward-dipping beds o f  the  Kaibab and 
*k..o Cliffs monoclines form the  western s i d e  o f  t h o  bnein. Tho Black 
Mesa Basin j~1 bounded on  t h e  no r th  by t h e  Comb Ridgo monoclino. Tho wont 
f l a n k  of t h o  Defiance U p l i f t  i s  t h e  e a s t e r n  margin o f  t h o  bnoin. Tho 
e a s t e r n  monocl inal  lim!, o f  t h i s  broad a n t i c l i n a l  o t r u c t w o  forms tho 
wes tern  edge o f  t h e  San Juan Bosin. Two and one-half miloo o m  t of  
Gal lup,  N. Nex. ,  t h e  s t o e p  weoter lg  d i p p i n g  N u t ~ i a  monoclino formo tho 
northwest  f l a n k  o f  t h e  Zuni U p l i f t  which dol imi to  t h e  oouthweetorn p a s t  

.of t he  San Juan  Basin. Two prominent l a c c o l i t h i c  mountaino occur  i n  
t h e  no r the rn  p a r t  o f  t h e  NnvaJo country. Thooe a r e  tho  Car r i zo  !4ountaino, 
which l i o  n o r t h  o f  tho Dofiance U p l i f t ,  t ho  Navajo Elountain which l i o o  
i n  t h e  nor thwes tern  p m t  o f  t h e  reg ion  (oee  p l .  1 ) .  Tho rogionnl  
a t t i t u d e  of  t h e  beds is modif ied by many l o c a l  monoclineo, a n t i c l i n e ,  
and syncl inee.  Each of t hoso  hao i t n  o f f o c t  o n  t h o  occurronco o f  eround 
water .  Genera l ly ,  ground water  i s  more r e a d i l y  a v n i l a b l o  i n  tho nynolino 
t h a n  on a n  a n t i c l i n e ,  Due t o  u t r u c t u r a l  higho, aqu i fo ro  a r e  oxpoood t o  
recharge from r a i n f a l l ,  anowmelt, and runoff ,  

F a u l t i n g  i e  n o t  v e r y  ex tens ivc  i n  t h e  Ynvajo country.  Thot~o a r o  
s e v e r a l  no t a b l e  s t r i k e  f a u l t s  a long  tho monoclinal l imbs of  t h o  Dof ianoo 
U p l i f t  and smal l  t ens ion  f a u l t s  occur a t  sovora l  l o c a l i t i o o  a l o w  tho  
elongated dome. I n  t he  aouthwestern p a r t  o f  t h e  rog ion  f a u l t 0  o f  omall 
displacement  have been found i n  t ho  Kaibab limeotono. I n  t h l o  a roa  t h o  
faults a d  j o i n t s  a r e  b e l i e v e d  t o  f a c ~ l i t ~ t e  rechnrgo to tho underlying 
Coconino sandstone.  Some f a u l t i n g  hao oscur rod  i n  tho  Nooavordo and o l d o r  
rocks  i n  t h e  extreme e a o t e r n  part  of t h e  rceion,  oouth o f  Crownpoint. 

The s t r u c t u r a l  f e a t u r e s  of t h e  r e g i o n  are o f  major importur~co i n  
t h o  occurrence o f  ground wator.  Tho Black'Mooa baoin  nnd tho Snn Juan 
Basin a ro  la.x8ge oaucer-ahapod doprooaiono. Tho ouccoooivo rock  layor  o 
a r e  exposed at t h e  l and  s u r f a c e  on  t h e  perimotor  o f  tho baoin ,  and d i p  
beneath t h e  s u r f a c e  toward tho centor .  v a t o r  ontoro the  pormcublo for- 
m ~ t i o n s  where they  a r e  expooed at the l a n d  sur fnco ,  and movoo down d ip  
toward t h e  c o n t e r  o f  t h e  bae in .  The wa te r  novoo slowly and dlanolvoo 
some of t h e  s o l u b l e  minera l  ma t t e r  conta ined  i n  t h e  rock0 tk~rou& which 
i t  passes ,  becoming p rog rens ivo ly  w r o ' h i g b l y  mineralized. Tho ground 
t ra te r  is d ischargod from t h e  formation by sp r ings  i n  canyono o r  nlong 
mesa escarpments,  by  pumped and flowing wello,  o r  by upward ooopago I n t o  
over1yir.g beds. 

In  s e l e c t i n g  a s i t e  f o r  tc \rater w e l l  t he  o t r u c t u r a l  r o l a t i o n e  ahould 
b e  considered.  \ !e l l s  d r i l l e d  near  tho ou tc rop  w i l l  p e n e t r a t e  tho  forma- 
t i o n  above t h e  zone o f  s a t u r a t i c n .  F a r t h e r  dokn d i p ,  a g r o a t o r  woll  depth 
t r i l l  be r e q u i r e d ,  b u t  t h e  f o r m t i o n  w i l l  be  on tu ra t cd  and tho  wol!. 11111 bo 
succes s fu l ,  Toward the  c e n t a r  o f  t he  baoin ,  many milee  from t h o  ou tc rop  
zone, w t e r  would be  encountered at g r e a t  deptho and nay b e  too  h ~ g h l y  
minera l ized  f o r  domestic o r  l i ves tock  une. b c a l  s t r u c t u r a l  cond i t i ono  
a l t e r  t hese  gencrralized r e l a t i o n e .  Faul  t a  impeds o r  d i v e ~ t  t h e  movernont 
o f  ground wa te r  and thue a f f e c t  t he  l i k l i h o o d  o f  ~ b t a i n i n g  water  from 
w e l l s  i n  8ome l o c a l i t i e s .  
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PRIYCIPAL AQ?lIET;RS OF THE RFOION 

In g e n e r a l ,  tho a q u i f e r s  of  tho Nnvojo count ry  nro l e a 8  parnoablo 
than  tho p r i n c i p a l  a q u i f e r e  i n  b thc r  prxts of Arizonfi an? Vow b lox lco~  
Tho raader  ahoulb boar i n  n lnh  t h n t  t h o  te rno  "ood n q u i f e r "  nnd "poor 
aquiforl1 o r o  r o l a t i v o .  F o r  cxnnplo, i n  t h o  t7zwnjo c o u n t r y  n w l l  thn t  

I , y i e l d e  ao much ns 100  llano ninu ta  i a  rnrc, but  i n  pnrtrr o f  m u t h c r n  
Arizona and Ccv r!exfco R wall t h a t   yield^ loaa thon gnl lonn per  ~ l n u t o  
is conaidered  a fn i lu re .  Tho p a r z c a b l l i t y  of t h o  n q u i f o r s  in  tho ! ~ v ~ J o  
country,  based o n  puq1n.q t e s t a ,  rnncca f r o e  1 t o  140 ~ ~ l l o n s  p r r  dng  p a r  
f o o t ,  The pormenbi l l ty  o f  t he  grnvole  of tho G i l a  Rtvor ,  nonr Safford,  
k i z . ,  comrmnly i e  Y)O t o  2,000 @lonn per any per  foo t .  

Tho P c r u t i a n  omdotono3 of  t h c  r o ~ l a n  c o n a t i t u t o  on0 of  t h o  prlmcl- 
g a l  a o u i f e r s .  Rechargo t c c u r a  d i r o c t l y  o n  tho  outcropn and tL:owh the  
ove r ly ing  l i n o s t o n o  whcro it l o  f nu l t ed  o r  docply frnc:urcd* f n  tha  aouth- 
v e s t  p o r t  o r  the Nnvnjo count ry  seve rn l  winhi l l -powsrod  mile pmp wnter  
from tho Coconino anndatono a t  n r n t o  o f  3 to 5 &nllono p o r  n inuta .  Thono 
wel le  ara  bo l i avod  cnpnblo o f  producirl:  ~ r e n t c r  d i a c h a r ~ o s  with l n r i p  
pumping oqnipnont.  Tvo u o l l n  r c t o n t l y  n r l l l o d  t o  n depth  of  nbout 2,455 
f o o t  nenr Klneotoh oach y i o l n  35 ~ n l l o n n  par  n i n u t o  trsa t h e  Coconino 
aandotono. A well a t  GnrfiEo la r epa r to& t o  be cnpnble o f  y io l a ing  100 
c a l l o n e  F o r  n l rmte  f ron  t h o  Coconlhn rnndntonr . h t r l n  Sprincn,  vh ch 
i o o w  from t h ~  G l o r l a t o  annta tona  ncmbor of t h c  Snn h d x c o  f o m n t i o n  on 
t h o  oouthwcnt f l nnk  of tho Zuni Hot-o,tnlna, d1c;chnrgo m r a  thnn 200 /=d- 
l o m  pa r  minuto. Othor no tnb lc  n p ~ ~ n ~ ; a  a r e  i n  tho  F o r t  Doflnnco n rca  
and near T o o d l o r ~ ,  Arcno o f  po ton t in1  f u t u r o  dsvolopnont o f  t h o  Porn inn  
onndetones f o r  l i vca tock  and d c n o ~ t i c  wntcr  ouppliaa i nc lude  Chinlo 
Valloy oouth o f  Chinlo; Black Crsck V ~ l l c y  f r a n  Red Wa nouth to O n k  
Spring,  ~ n d  f u r t h o r  devalopnont i n  t b a a  nrenn ,+hare w s l l a  hnve n l r cady  
boen d r i l l a d .  Tho roquf rod  depth o f  woll  e will rnneo f ro2  F&O to 2,000 
f e o t ,  

The S i n n ~ z  congloclornto ?a v n t a r  baa r ing  in n l n r e c  p n r t  o f  ?he 
! region, The g r c a t c n t  y i e l d  i o  o b t ~ i n o d  f ron  w e l l a  i n  Black Creak Val ley ;  

at St ,  M i c h n o l ~ a  School n y i e l d  o f  50  allo one po r  mlnuto wnn o b t n h o d  
wi th  a drawZown o f  36 f e e t .  I t  i o  bol ieved  thnt nnny n o r e  t rol la  f o r  l l v o -  
s tock  and domest ic  UISL c o u l d  bo ~ U C C C B I I ~ U ~ ~ ~  d ~ v e l o p o d  nlong t h o  no r th  
and o f  t h o  Dcf imco  u p l l f  t ,  i n  Blnck Crock Volley, ~ l o n l ;  tho n o r t h  flm!za 
o f  tho Zuni l ~ o u n t a l n s ,  p o e a i b l y  i n  p a r t o  of Chin10 Val ley ,  md pooeib ly  in  
t h e  southern  and eouthwoetern p n r t  o f  t h e  h v a j o  country.  

The Navajo amde tone ,  i n  t h e  waotern and northweetern p a r t  o f  t h e  
IJnvajo count ry ,  l a  conaidorod one  o f  t h e  'boot aquifers, A wall  r a c c n t l y  
d r i l l o d  t o  a dop th  o f  1 , 2 4 0  f o n t  n t  h 'nibi to  Dny School y l a ldod  10 ~ a l l o n a  
p e r  minblte wi.th a drnvdonn o f  1 f o o t  du r ing  a b n i l i n g  t e n t .  A woll 

I d r i l l s d  840 f o e  t dcop n t  Kayenta i n  1348 yioldod 100 gnl lonn  per minuto 

I w i th  a drawdown o f  184 f e e t  during a pmpin l :  boot .  Throe npringo ~t 
Tutu C i t y  y i o l d  a t o t a l  o f  moro t h m  125 en l lons  per  minuto. In n crlnyon 
A few mi loe  onot  of Tuba C i t y  a group o f  springn y fo ld  nbout 200 e n l l o n a  
p e r  minuts ,  Othor  opringo,  woot o f  Tubn City,  y io ld  o v e r  200 gnllono 
p e r  minuto. limy more we l lo  could be d r i l l o d  i n t o  t h e  liavnjo anndotona 
f o r  l i ves took  and domestic uno without ovordevoloplng t h o  formation, The 
required dep th  rmgon from 300 t o  1,500 foot .  

The J u r a a a i c  COW Spr  ingo sandetone doocribod by Harahbarger, %pen.. 
ning, and Jackson  (1952, p.  2) i o  p o t c n t i q l l y  a coed a q u i f e r .  The forma- 
tion i n  widoepreed and a p p a r e n t l y  has uni formly  good w ~ t e r - b e n r i n g  pro- 
p e r t l e a ,  Tho .fornation I 0  bel ievod cnpablo o f  add i t  l o n n l  doveloprnent i n  
eomc aroas ,  



Tho Dakota s a d a t o n o  l o  m t e r  bonr ing  i n  moat p l a c e s  and i s  cob .  
s i d e r e d  a m o d  a q u i f e r  in*  the region.  The ground brator i s  o f  a u i t a b l e  
quality f o r  domestic use i n  most p laceo ,  a l though i n  thooo l o c a l i t i e s  

*ah and c o a l  predominate t he  v a t o r  is more h i g h l y  mineralized. 
M t h o r  development f o r  livestock uso i s  justified i n  moot o f  t he  aroclo 
*;hero t h e  formation i s  w i t h i n  economic reach  o f  tho d r i l l .  

Congidor ine  tho meal d i s t r i b u t i o n  and t h e  q u a n t i t y  of wator 
a v n i l a b l e  SO wolle ,  tho Kerrnvordo f o r n a t i o n  of  t he  Sm Junn Basin  c o b  
t a jm t h o  bea t  aqu l f e re  i n  t he  roeion.  Wmy o f .  t ho  w e l l s  i n  t ho  b a s i n  
f?c'#: a w e l l  673 foot  deep ,  d r i l l e d  n few d l o e  e a s t  o f  Twin M e n ,  flowo 
90 @lone  pe r  n i n u t e  and has a s t a t i c  shut-in preaaure t h a t  would l i f t  
~ t . 2  o v e r  250 f e e t  above tho l and  eur f  ace ,  The O ~ l l u p  nnrdutono nenbor,  
t h o  Ual ton  aandotono ncnbor,  nnd tho  Hoota nandotono mmbor two the  p r i n -  
c i p i  w n t o r - b o n r i n ~  nenbere  of the Irooavordo f o r n a t i o n  and a l l  nro bo- 
l i c * s d  c a p a t l f l  of  f u r t h e r  devolapnont. Mntor from tho Nonovordo forma- 
t i c n  is of a a t l s f n c t o r y  q u a l i t y  f o r  dorcoatic u s o  i n  ao ro  p lacoe ,  bu t  i n  
o t h e r  p l a c e s  t h o  vator  con tn ina  oxcoaaivo mounta  o f  e o d i w ,  m l f a t o ,  
nnd b i ca rbona te .  I n  eons p l aces  f l u o r i d e  concont rn t ions  nro cxceoaive.  
In tho Black Keea Baein a few v o l l e  havo beon 3 r i l l o R  i n t o  t h e  EIeoavordo 
f o m i a t i o n  but  t h roo  wel le  d r i l l e d  d u r i r a  the  f i r e t  h a l f  of  1951 i n d i c a t o  
t h a t  slcd.1 ~ u p p l i o e  o r e  o v n l l a b l o  In t h o s e  a reee  whcro structural anif ro- 
charge c o n d i t i o n e ' a r e  f avo rab le .  Here, n l so ,  t he  water i a  o o r t  but i s  
hit;hly n i n a r a l i z e d  i n  eoao l o c a l i t i e s .  

Tho Quntcrnnry a l l u v i u n  i n  m t  cons idorod  n d q e n d s b l e  nquifor thrLru1 
o u t  t h e  Nevnjo count ry  becauoo tho m o u n t  of wntnr i t  con tn ina  f luc tun ton  
quick ly  i n  rooponoo t o  chnngoo i n  r a c h n r ~ o .  Vany ohallow wollo f a i l  i n  
drou&t yonre ,  k'ator fron t he  n l l u v i m  has a wide r m e a  of d ioaolvod 
s o l i d s  concon t rn t ion  and any bo o f  cood, f a i r ,  o r  poor q u n l i t y ,  dopendin& 
upon l o c a l  conditions. Novortheleoe, t h o  a l l u v i m  c o n a t i t u t e e  on nou i io r  
t h a t  CM be tspped r o l n t i v o l y  choaply and ,  i f  i t  i n  r oa l i zod  t h n t  v o l l e  
ore l i k a l y  t o  f n i l  a t  titzoo, cnn bo uood t o  fwnltsh l i voa tock  nnd c 'onootic  
water auppl ieo.  Tho a l l u v l u n  l e  not adoquato t o  aupply wntor f o r  1rri~'a.- 
t ion ,  echoole ,  c o m u n i t i e a ,  o r  h o e p i t a l a ,  except i n  thoeo p lacoe  whora 

. r e c h a r ~ o  occur8 i r o n  p e r e n n i a l  8trom.a o r  f ron  spring0 whoae aouroo iQ 
underlying b e b ,  A t  tho nouth of Cnnyon XbChelly tho a l l u v i u a  19 o v o r  
X)O f e e t  t h i c k  and i o  recharged  from s u r f a c o  m a o f f  and e f f l u o n t  wotor 
f m n  t h e  Porn inn  emdetonoe  don^ tho Dofiance u p l i f t ,  A woll d r i l l o d  
in to  t h o  n l l u v i u n  to oupply t h e  cornunity of Chinle  y i e lded  WO g a l l o n e  
per  n i n u t e  with a drawdown o f  65 foe t .  

' 

Although ground w a t e r  l e  widoly d i e t r i b u t o d  in .  t h e  Navajo coun t ry ,  
tho q u a n t i t y  a v a i l a b l e  a t  any l o c a l i t y  l o  omal l .  Tho a r i d  c l i m a t e  and 
tne r o x h  t o r r a i n  o f  cenyons, moeae, c l i f f o ,  and b u t t o s  conblno to  roduce 
tho amount of rocharge a v a i l n b l o  to  t h e  aquif&e. The a q u i f e r s  have l o w  
permeability and do not t r enami t  wntor rondfly. Li tho log ic  chnneee i n  oomo 
of  tho formationo Rffoct tho a v n i l a b i l i t y  o f  ground wator to wolle i n  
oomo l o c a l i t i e o .  Locally, otrutural  u p l i f  t o  havo r a i s e d  aomo fo rnn t  iono 
above tho wntar t a b l e  md havo d i v e r t o d  the  slowly,moving €round wntor 
i n  o the r  l o c d i t i o e .  Howaver, i n  moat p a r t a  of the NavaJo count ry  a u f f i c i o n t  
ground wator  f o r  l i vee tock  and domostio ,:roe can ba dovelopod, a l t hough  
i n  some area# we118 88 daap a6 1,500 t o  2,000 bet a r o  r e q u i r e d  to o b t a i n  
bu f f io i en t  wnter, Thoro i o  l i t t l e  hop0 o f  developin(: ground wator i n  
ouff ioiont  quan t i t y  f o r  f r r i g a t i o n ,  excop t  from al luvium i n  p lacoa  where 
rocharge i o  abundant, 
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