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PREIJM INARK RPORT 0 N 'PHI3 GROUI&\JATER RESOURCES 
OF THE 1?AVAJO NJD HOPI INDIAN RESXRVA!l?IOI?S, 

ARIZOIU, lJ31J EIEXICO, AND UTAH 

Based on d a t a  co l lec ted  by J. V. Harahbarger, 
H. A. Whitcomb, C. A. Repenning, R o  L. Jackson, 

J, T. Callahan, S. C. Brown, the author, and o thers  

The Ground Water Branch o f  t h e  United S ta tes  Geological Survey io. 
now engaged i n  a reconnaissance o f  the ground-water resources and geology 
o f  the  Navajo country, which l i e s  i n  nor theastern  Arizona, northwestern 
New Wexico, and southeastern Utah. The work i s  being financed by the  
Office o f  Indian Affairs. 

The occurrence of ground water i n  t h e  region i s  dependent on t h e  
domhant f ac to r s  o f  topography and c l imats .  The topography o f  the llavajo 
country i e  one o f  sharp  r e l i e f ,  with deep cnnyone and high mesas and buttea.  
Runoff i s  rapid,  and i n  many placeo there  i a  l i t t l e  opportunity for  r a i n  
and meltping snov to percolate in to  the  ground. The climate i s  a r i d  and 
i e  charscter ized by extremes of  temperature and r a i n f a l l .  The average 
precipi t t l t ion i s  10 inches per  year ,  and much o f  t h i s  f a l l s  during tor- 
r e n t i a l  utorms i n  the summer months, 

Thr, inadequate w ~ t e r  supply of t h e  region has e dominating e f fec t  
on the econony. Sheep r a i ~ i n g  i s  the p r inc ipa l  occupation, as the graz- 
ing  lands a r e  considered too  poor f o r  c a t t l e ,  Water ho les  a r e  few. 

The p r i n c i p a l  aquifera of  t he  reg i sn  are t he  Permian sandstonee, 
t h e  T r i a s s i c  Shinarump conglomerate, the  Juress ic  ( 1 )  Navajo sandstone, 
t he  Jurass ic  Cov Springs s ~ n d s t o n s ,  the Cretaceous Dakota sands.t;one, and 
the  sandstone members o f  tile Cretaceous Nesavesde formation. Quaternary 
alluvium y i e ld s  trater t o  trel ls  i n  some p l m e s ,  but  i n  most p l ace s  these 
s u p ~ l i e s  a r e  subject  to f a i l u r e  i n  time o f  drought. 

Idany more wel ls  can bo d r i l l e d  fo r  l ives tock  and domestic use with- 
ou t  ovt~rdeveloping the p r inc ipa l  aquifers .  There i s  l i t t l a  chance f o r  
deve lo~ ing  ground-vrctter supp113s f o r  i r r i ga t i on ,  however, except from the  
alluvium i n  places  where recharge i a  abundant. 

PURPOSE AID SCOPE OF INVESTIGATION 1 I 
The Ground Water Branch of t he  lTnitoed S t ~ t s a  Gsological Survey is 

now engagrd i n  a reconnnlssansa o f  the ground-trsber resources ~ n d  geology 
of  ths region gecs ra l iy  icnowr. as thq IJavt-ij'o co~mt ry ,  tihich 15.9s i n  north- 
e a s t s m  Arizona, nor t l~wsstern  New Naxico , and aoutheas4ern Uteh. The 
imrk i s  being done at the request  o f  the  Office o f  Infiian Affairs and i s  
f insaced by that  officc). The purpose of the  work i s  twofold; To aid 
the  Indian Off i ce  cu r r en t l y  i n  locat ing and developing ground-water sup- 
p l i e s  f o r  l ives tock,  domestic, and community use; and' to prepare a,com- 
prehensive repor t  o n  the ground-mter resourcar; and gcology of  t h e  region,  
which v i l l  aerve as a guide to fu r the r  development and u t i l i z a t i o n  o f  
the avai lable  water supply. 



The i nves t i ga t i on  is under t h e  general  supervision o f  'A, N. Sayro, 
geologis t  i n  charge of the Ground Vater Branch of f he Geological Survey, 
and under the  d i r ec t  supervfaion of the  au thor  of t h i s  r epo r t .  The work 
has been aided by review and consul ta t ion wi th  the heads o f  the i l i g t r i c t  
o f f i c e s  i n  Arizona, New Mexico, and Utah; Kensro. S, F. Turner, C. V. 
Theis, and K . E. Thomas. 

LOCATION 

The Navajo country inc ludes t h s  a rea  occupied by t h e  MavaJo and 
Hopi Indian Reservations,  a n d  comprises some 16,000,000 a c r e s  o r  about 
25,OOr) square miles. 1:ost o f  the region is  i n  Arizona ( s e e  p l .  1). Roade 
within the region are  moetly d i r t ;  a few have been g rave l led  in  r e cen t  
years, but no po,ved roads e x i s t  except along the  borders o f  the reserva- 
t ions,  U. S. Highway 89 c rosses  the  weotern side,  U. S. Highway 66 l i e s  
?long t h e  southern s i de ,  and U. S. Highway 666 crosses  t he  eas tern  side.  
The A. T.  & S .  F. Railroad p a r a l l e l s  U. S. Highway 66 along the southern 
border o f  the region. 

There a r o  no incorporated tovms on the  Navajo and Hopi Reservations. 
The cominunities a r e  mostly government omed, and were constructed to pro- - 

vide schools, hosp i t a l s ,  and other  se rv ices  f o r  the Indians. TraCiing post 
a t  m o s t  of the places shown on p la te  1 supply the r e s iden t s  wi th  t h e  neces- 
s i t i e s  of  l i f e ,  an6 t h e  suppl ies  are brought in by truck,  Gallup and 
Farmington, N. Mex., and Holbrook, liinslow, and Flagstaff ,  Ariz, , a r e  the 
trade cen te r s  f o r  the region. 

PREVIOUS INVESTIGA!l?IOIJS 

P r i o r  t o  beginning the regional  invest igat ion on October 20, 1950, 
the Ground Vater Branch had been working on a l imi ted  scale i n  the region 
since January 1948, a s s i s t i n g  the Ind ian  Off ice  i n  loca t ing  and developing 
ground,-water supplies. A l l  t h e  data co l l e c t ed  during that  period w i l l  
be incorporated i n  the f i n d  report .  

From 1942 to  1948 the Technical Coordination Branch o f  the Water 
Resources Division, Geological Survey, furniehed occaaional ass i s t ance  
i n  se lec t ing  s i t e s  for  water wells .  H. V. Petereon, geo log i s t ,  was i n  
charge o f  t h i s  work. 

From 1934 to  1 9 4 ~  the S o i l  Conservation Service, Department o f  Agri- 
cu l tu re ,  compiled veil records ,  furnished geologic informat ion,  and gener- 
a l l y  a ided the Indian O f f  ice i n  developing ground-water suppl ies  i n  t h e  
region. 

I n  1916 t h e  Geollgical Survey published Plater- Supply paper jgO , 
"The Navajo Country - A geographic and hydrographic reconnaiseance of 
p a r t s  o f  Arizona, New Nexico, and Utah", by T i .  E. Gregory. This is t h e  
most comprehensive repor t  available on t h e  groundcwater resourceo o f  t h e  
region. 
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GERERAL FEMTJRES OF THE REGION - 
TOPOGRAPHY 

The Navajo country i s  a par t  of the physiographic province known 
a s  the Colorado Plateau, an elevated area occupying parts of  U t a h ,  biz- 
ona, Colorado, and 1?ew Mexico, The New Mexico portion o f  the ilTavajo 
country is a p a r t  o f  the San Juan Baein, and the Arizona portion comprisee 
the Black Meaa Basin. 

The rogion l i e e  within the drainage basin of the Colorado River, 
Rnd the pr incipal  t r ibutar iee ,  i n  the Navajo country, a re  the San Juan, 
Chaco, Puerco, and L i t t l e  Colorado Rivers. I n  the weetern part  of the  
region, deep canyons have been cut  by the San Juan, L i t t l e  Colorado, and 
Colorado Rivers a0 much as 3,000 f e e t  below the prevailing land surface. 

The a l t i t ude  i n  the Navajo country ranges from about 2,800 f e e t ,  
a t  the mouth of the L i t t l o  Colorado Eiver, to 10,416 f o o t ,  a t  the to,> 
of 1?avajo alountain ( see  p l .  1). The mean a l t i tude  o f  the  region is about 
5,500 fee t ,  nith only 156 squa.re miles below 4,000 f e e t  and only 42 squire 
miles above 9,000 fee t  (Gregory, 1917, p .  11). 

Meeaa, buttes, and canyons are  the  primary topographic features  
o f  the Navajo country. Erosion resu l t ing  from the strong winds and from 
occasional Lorrezt ia l  ra ins  has produced a landscape that i s  sharply angu- 
lar in appearance. 

CLIMATE 
. .~ 

The climate of the Navajo country i s  one of extremes, both of tem- 
perature and procipitation. The oummers are hot  and the winters etro cold; 
long dry spelle a re  punctuated by intense s toms  of short  duration. Mean 
~.nnual temperature is o f  the order of  55' F., with extremes. ranging from 
105O F. downward t o  -20' F, Nean prec ip i ta t ion  i s  about 10 inches 8, ?rear. 
The prec ip i ta t ion  i s  greater  than the mean on the Chuska and Carrizo 
Ilountaine, Navajo Fountain, end Black hIesa. Precipi ta t ion on the western 
p a r t  of the Bavajo Reservation averages about @; inchee a year. 

Rainfall  varies widely from one year to another. Occaalonal tret 
years a r e  succeeded by dry years, and some drought periods l a s t  f o r  several 
years. The average r a i n f a l l  at 11 selected s tat ions in the A r i z o n a  por- 
t ion  of the region is 9.22 inches per .  year. During the  5 yeara 1946-50 
inclueive, average prec ip i ta t ion  Isas as followe: 1946, g.64 inches: 1947, 
9.35 inchss; 194g 7.94 inches; 1949, 9.53 inches; and 1950. 4.46 inchee. 
The d r ~ u g h t  that began i n  tho f a n  of  1949 has not abated as of July 1, 
1951. Records from the 11 stat ione were available through April, 1951, 
and them records indicate t h a t  the oumulative deficiency in precipi ta t ion 
from January 1, 1949, t o  May 1, 1951, was 5.28 inchee. 

OF THE REGION AFFECTED BY SUPPLIES 

The ground-water supplies of the Navajo country m e  profoundly . . 
affected hy the dominating f ac to r s  of topography and climate. Stream 
channel8 have steep gradients, nmoff i s  rapid, and consequently there 



i e  l i t t l e  opportunity f o r  precipi ta t ion to peraolate in to  the  ground. 
Locally, water tha t  may have entered the  ground emergas deep i n  inacce* 
sable canyons from rock strata which In other regions might be sat is-  
factory aquifers, \'fates t h a t  has percolated into the ground on some meeae 
i s  returned to  the land surface by seepage along the base. 

The climate of the region also has an effect  upon the grounu-trater 
supplies. Summer rains are  of the to r ren t i a l  type, and most of the p r e  
c ip i t a t ion  rune off without adequate opportunity t o  enter the ground. 
Recharge from winter storms and from anow-melt i s  greater  than from sun- 
mer r a ins ,  but the t o t a l  annual prec ip i ta t ion  i s  small and therefore the  
total recharge i s  small. 

' The inadequate water supply of the region is ref lected i n  the type 
o f  vegetation. Range lands a r e  poor owing to the inadequate r a in fa l l ,  
and most of the land i e  considered unsuitable fo r  ra i s ing  c a t t l e ,  .Sheep 
raising i s  the principal industry of the region, and even th i s  a marginal 
undertaking. water holes a re  few and the sheep froqueatly tiave t o  be 
herded 8 to 10 miles to  water. Overgrazing in  the v ic in i ty  of water holes 
i s  common, resul t ing in  a tendency to increase eroeion. In a few remote 
areas where grass i s  of b e t t e r  than average quality,  water f o r  l ivestock 
i s unavailable, 

I r r iga t ion  by diversion of water from streams i s  being practiced 
in  some pa r t s  of the region. The largest  potent ial  i r r iga t ion  project 
i s  ~ o u t h  of Shiprock, with proposed divereidn of  watd from t h e  Sen Juan 
River. A dam on Chinle Wash near Many Farms, i n  the cent ra l  par t  of the 
lieservation, furnishes water for  a small i r r iga t ion  project.  Similar 
small-acme i r r iga t ion  pro jec ts  are  at I~loenkopi, Ganado, and Tohatchi. 
Hear Tohatchi, flowing vel3.s yiold suf f ic ien t  water f o r  i r r iga t ing  a small 
acreage. Generally there i a  l i t t l e  hope fo r  extensive i r r i g a t i o n  from 
ground-water supplies. 

GEDIOGIC Zt3RMATIONS AND TIIEIR WiTELBEARINO PROPERTIES 

Stratigraphic relat ions i n  the Navajo country are d i f f i c u l t  to 
determine, and i n  many cases the same formation o r  equivalent s t rat igraphic 
uni ts  have different names a t  different  ple.ces. A t  the time t h i s  paper 
wae written the geologic f i e l d  mrk  was ' fa r  from complete. The follow= 
ing d i s c u ~ s i o n  of the geology of the Wav~jo country i s  highly generalized 
and i s  intended only as  a background f a r  the  description of the ground- 
water resources of the region. 

8 ,  

STRATIGRAP W 

Paleozoic rock8 . 
Rocka of? the Permian, i the  Pennsylvanian (?),  end the hlss iselppian 

systems crop out  i n  the walls of  the canyon8 of  the Colorado River and' 
the L i t t l e  Colorado River, at the extreme western edge of the Navajo country. 
Rocke o f  the upper par t  of the Permian crop out in. emall areas tbo?lghout 
the eastern half  of the region. Only the upper 200 to go0 f ee t  or' the 
Permian rocka have economic value as sowcos of ground water i n  the Navajo 
country. 

The la rges t  source o f  water i n  the region tha t  is avai lable  from 
rocks older  than Permian i e  Blue S p r i x s ,  which isoues from the Mississi-. 
ppian Redwall limestone i n  . 'the . bottom o f  a 2,200-foot . . canyon along the 



L i t t l e  Colorado River about 13 miles upetream fmm i t s  confluence with 
the Colorado River. Thin spr ing  flowa about 93,000 gallons per minute, 
but the  waterb i s  inaccessible for u se  by the  Indians, 

Permian sye t em 

Permian eandstone, over la in  by Permian limestone, crops out i n  the  
southwest per t  of the region i n  the v i c i n i t y  of Cameron, and west of U, 
S. Highway 69 near Cedar Ridge. This sandstone is known as the C O C O ~ ~ ~ O  
sandstone and the o ~ e r l y i c g  limestone a s  the Kaibab limestone. I n  Nan- 
ment Valley, and i n  Canyon DeChelly, a sandstone of approximately ,equiva- 
lent age i s  re fe r red  t o  as t h e  DeChslly sandstone member o f  the Cut ler  
formation. Southeaet o f  Gallup, N. Mex., i n  the Zuni Nountains the  s a n L  
stone and overlying limestone ar3 known co l lec t ive ly  as the  San Andree 
formation and individually as the Glor ie ta  sandstone member and the 
limestone member, These Permian rocks underlie a l a rge  p a r t  of the Navajo 
country. 

The Permian sandstones of the region a r e  water-bearing i n  moat p laces ,  
However, in  many places they l i e  too deep beneath t h e  land surface to be 
vrithin economic d r i l l i n g  limits, and i n  other loca l i t ioe  tho water they 
conta.in i s  of unsuitable qua l i ty  for  domestic use. Wells t h a t  yield 
water from the Coconino sandstone have been d r i l l ed  i n  the Navajo Reaer- 
vation at Pine Springs, Hlagetoh, Ganado, St .  Mchaels,  and near Cameron. - 
I n  the Fort  Wingate, N. b!ex., area, wel l s  y ie ld  water from both the lime- 
stone member and the Glor ie ta  sandstone member of the San Andres forma. 
tion, I n  the Navajo c ~ u n t r y ,  these Permian sandstoneo generally a r e  
clean and well sorted and r e l a t i v e l y  f r e e  ~f cementation, thus  allowing 
free movement o f  water both v e r t i c a l l y  and l a t e r a l ly .  

Mesozoic rocks 

Tr iass ic  system 

Moenkopi formation. - The lowermost s t r a t a  of Tr iass ic  age tha t  
occur i n  the Navajo country comprise t he  Moenkopi formation, an assemblage 
of  e i l t s tone ,  claystone, and sandatone beds tha t  l i e  unconfonn~lbly on the 
Permian roc!ce. The thicknees rangee from a few fee t  t o  more than 400 f e e t ,  
The Moenkbpi formation crops out  in a b e l t  pa ra l l e l i ng  the L i t t l e  Colorado 
River downstream t o  Cameron and thence north near U. S. Highway 89 to 
Lee' a Ferry. Rocks of the No e n b p i  formation also a r e  exposed i n  Monument 
Valley. The Koenkopi crops o u t  along U. S. Highway 65 a few miles e a s t  
o f  Sanders, Ariz. It i s  believed t h a t  the  l~!oen?~opi formation underl ies  
moat of t h e  Arizona portion of the region. 

The F.ioenkopi formation has  no va lue  as an aquifer  i n  the  Navajo 
country because the quant i t i es  obtainable are small and the high mineral 
content makes t h e  water u n f i t  even f o r  l ivestock use. 

Shinarump conglomerate, - The Shinarurnp conglomerate unconformably 
over l ios  the CIoenkopi formation in  most pa r t s  of the region, and where 
the Hoenkopi is not present ,  i t  l i e s  on Permian rocks. The Shinarvmp 
conglomerate i s  compoaed of rounded pebblee and gravels,  fragments of  
p e t r i f i e d  vtood, sandstone, s i l t s t ono ,  and clayatone. I t  i s  bolfeved t h a t  
tho formation i s  the introductory phase o f  the  sedimentary sequence t h a t  
includes aho the  Chinle formation, In  the Navajo coun$ry t h e  ' thicknese 
ranges from about 30 f e e t  t o  over 150 feet, The Shinmump conglomerate 



cropo out i n  a be l t  along t h e  L i t t l e  Colorado River to  Cameron, thence 
north along U, S. Highwey 89 to Lee' s Ferry, The formehion capa the mo- 
men t s  i n  klonument Valley, and crops out i n  a be l t  ~outhward along the  
Defiance u p l i f t  from Round ~ o c k  to U. S. Highwey 66.  Another a rea  of 
expoeures l i e s  along the northern flank o f  the Zuni Mountains. 

The water-bearing proper t ies  of the Shinarump conglomerate a r e  
favorable, Wells tap the Shinarump conglomerate i n  Black Creek Valley, 
@.long U. S. Highway 66 east of Gallup, northeast  of Chinle, and along 
the southern and southwestern margins of t he  Navajo Indian Reservation, 

Chinle formation, - - The Chinle formation conformably over l ies  the  
Shinarump conglomerate. In t he  Navajo country the formation ie  d i v i a i b h  
into three members: a lower membor composed mostly o f  s i l t s tone  and sand- 
stone beds; a middle member t h a t  is predominately olaystone but i n .  the 
eastern pa r t  of the region contains sandstone bede: and an uaper member 
that  comprises a l ternat ing beds of s i l iceoun limestone and s i l te tone.  
An i r regular  erosional unconfomity a few f e e t  above the top of the upper- 
most limeatone i s  considered to  be the  upper boundary of the formation, 
'Phis posi t ion nearly coincides v i th  the top  of the "Bl1 member of the Chinle 
formation as described by Gregory (1917, p. 4-2). The Chinle formation 
crops out over a large par t  of the Navajo country; the  thicknese ranging 
from about 900 f e e t  to over 1,400 fee t .  Along the southern and southwestern 
ljides of the region the formation i s  exposed i n  a b e l t  many miles wide 
forming the Painted Desert, Northward from the L i t t l e  Colorado River at 
Cameron the b e l t  becomes narrower, and extends along the vest  s ide of 
Echo C l i f f s  to Leers Ferry, The Chinle format ion i a  exposed i n  the southern 
p a r t  of Nonument Valley and i n  a wide b e l t  southward f r o m  Many Farms to  
Ganedo i n  Chinle Valley, in  another b e l t  southward fmm Round Rock along 
the west s ide  of the Chuska Mountains and down Black Creek Valley to a 
point about 7 milee south o f  Saint  Elichaels, and in  a b e l t  extending east- 
ward along the  north f lank o f  the  Zuni Mountains. 

The Chinle fokmation i s  not  sa t i s fac tory  as  an aquifer  i n  most p a r t s  
o f  the Navajo country, Ground water i n  the C h i d e  formation generally 
i s  too highly mineralized to be sui table  f o r  domestic use, although i t  is  
usually su i t ab l e  fo r  livestock. In most places only l imited supplies are  
available because the water-bearing sandstone beds a r e  th in  and of l imited 
a r e a l  extent. In  Black Creek Valley the  sandstones of  the Chinle forma- 
t i on  yield  water more read i ly  t o  wells, I n  the a r ea  north of the  Zuni 
Mountains, along U. S. Highway 66, a pmminent sandstone i n  the  middle 
member contains ground water under su f f i c i en t  ar teeian pressure to cause 
some wells to flow, 

Jurass ic  (? )  system 

A recent paper by Harehbarger, Repenning and Jackson (1951) dos- 
c r ibes  tho occurrence, d i s t r ibu t ion ,  and re la t ionships  o f  the Jurass ic  
rocks of the  Navajo country. I n  order to minimize repe t i t ion ,  the  d i s -  
cussion of Ju ra s s i c  rocks i n  t h i s  report  w i l l  be br ie f ,  

Glen Canyon groug. - This group i s  considered to be of Jurass ic  ( 1 )  
age.  he group includen, i n  ascendln: o rder ,  the Prj  ;yato sandstone, the 
Kayenta formation, anic t he  Navajo sandstone, Il1he pzincfpal a rea  of auk 
crop i s  i n  the northwoetern pa r t  o f  the region and includes Xaibito Plateau 
and the area from Kayenta t o  Mexican tfater,  Smaller areas of outcrope 
are d o n g  the e a s t  s lde o f  Black Creek Valley and at the baee of the c l i f f s  
along Us S. Highway 66 eas t  of Gallup. 



The Wingate sandstone doea not y i e l d  water to  wells i n  most p u t s  
of the region. No wells a r e  known to y i e l d  wakr from the .  Kayenta formap 
t ion,  The Navajo sandstone consti tutee one of the best .  aqui fe rs , , in  t h e  
lJavajo country. On Kaibito Plateau the annual p rec ip i ta t ion  is .small, 
bl?b drainage i s  poor and a, large par t  of the moisture thah f a i l s  evapo.rate8 
o r  i s  absorbed by the rocks. The water t h a t  i s  absorbed percolates d o v ~  
ward through the Navajo sandetone to the top of the underlying inpermea%le 
Kayenta formation. The Navajo sandstone i s  water bearing except in th0.m 
places where l oca l  s t ruc tu ra l  deformation has ra i sed  the formation above' 
the water t ab le .  'Phe formation is  r e l a t i v e l y  f r e e  of soluable mineral 
matter and therefore the  ground water it contains i s  of  good quali ty,  

Jurass ic  ~ y s  t em 

San Rafael grouE. - This group unconformably ove r l i e s  the Glen Canyon 
group, and i s  of def in i te  Jurass ic  age, The S a n  Rafael group i n  the Havajo 
country includes, i n  ascending order ,  the  Carmel formation, the Entrada 
sandstone, the Todilto limestone, and t he  S m e r v i l l e  formation. The 
a rea l  d i s t r i bu t ion  of the San Rafael i s  l e s s  extensive than tha t  of the  
Glen Canyon. S a n  Rafael s t r a t a  form a b e l t  along the periphery o f  Black 
E!esa, southward from the Four Corners a r e a  along the treat side o f  the 
Chuska Mountains t o  Lupton, Ariz., and p a r a l l e l  v!ith U. S. Highway 66 e a s t  
of Gallup. 

The rocks of the San Rafael g r o q  are not considered good aquifers. 
The Carmel formation y ie lds  l imited supplieo of water to wells i n  a few 
places, The permeabi1i. t~ of .  the Xntrada sandstone i s  generally low and 
it i s  not a sa t i s fac tory  aquifer i n  most places. The Todilto limestone, 
a dense, p l a ty ,  unfractured uni t ,  i~1 not water-bear ing. I n  the Navajo 
country the Sunmerville formation cons is t s  of in te rca la ted  mudstone and 
poorly sor ted sandstone. Due to these poor water-bearing proper t See tho 
formation doec not yie ld  water readily.  . 

Cow Springs sandntone . - According t o  Harshbarger , Repenning, and 

I Jackson (1951) some of  the Upper J w a s s i c  un i t s  i n  the a r e a  grade later-  
a l l y  southvesttmrd into a d i s t i n c t  sandstone faciee. This emdstone f a c i e e  
i s  believed t o  be primarily wind deposited, and from i ts  optimum develop- 
ment near Cow Springs , Ariz . , has been named the Cow Springs sandstone 
by Harshbarger. The Cow Springs sandstone yields water to wells i n  many 
p a r t s  of the  Navajo country. It i s  believed that ,  with more knowledge 
of t h i s  u n i t ,  ground water can be developed i n  many l o c a l i t i e s  i n  suf f ic ien t  
quanti t ies fo r  l ivestock and domestic use. 

Morrison formation. - In the Nav~jo country fne Korrison formation 
i s  represented by four members. These a r e ,  i n  ascending order, the  B l u f ' f  
eandatone member, the Recapture shale member, the Westwater Canyon eand- 
stone member, and the .Brushy Basin shale member. Both the  Recapture and 
the Brushy Basin members a r e  high i n  c lay content and generally a r e  con- 
sidered poor aquifers. The Bluff sandatone member contains  beds of well 
sorted, c lean sand n l te rna t ing  v i th  thin ,  poorly sorted s i l t s t o n e  beds. 
The member y i e l d s  water to three flowing wells i n  the a rea  between Toad- 
lena and Shiprock, N. Mex. Similar l i tho logic  re la t ions  e.re present i n  
the tlestttater Canyon sandstone member and it is  considered a poten t ia l  
aquifer . 



Cretaceous system 

Dakota sandstone, .. The D~lmte. sandstone is the lowermst o f  the 
Cretaceous rocks i n  the region, This sand8tor.e i s  composed pr inc ipa l ly  
of  medium- t o  coarse-grained sand with a few conglomeratic lenses. In 
some places the  sendstone is divided into tm u n i t s  by an intervening 
zone of s i l t s t o n e  and claystone with some coa l  lenses. The Dakota sand- 
stone i s  widely dis t r ibuted i n  the Navajo country. The formation crops 
out along the  margins of Black Mesa and along the west and south s ides  
of the  San Juan Basin. The thickness ranges from a few f e e t  to 100 
fee t  i n  the region, 

The Dakota sandstone i s  considered a good aquifer i n  the Navajo 
country. Many wells i n  the southern part  o f  Black Mesa and along tho 
~ a r g i n s  of t he  San Juan Basin obtain water from the formation, 

llmco s shale. - .. Confo rma51y overlying the D&ota snndstone, the 
Mancos shale cons is t s  of brown to black s i l t s t o n e  and claystone with 
occaseional t h i n  s t reaks  of sandstone and gyp~ i f e rous  s t r ingers .  I t  is 
from 500 to more than 1,000 feet  th ick,  The b:ancos shale crope ou t  
around the margins of Black biesa and along some of the stream courses 
within the mesa; along the southern and southwetern sides of the San 
Juan Basin; and i n  A large a r e a  extending northward from Toadlena to  the 
type loca l i t y  i n  southvwtern Colorado. The E i ~ c o s  shale i s  m t  water 
bearing i n  t h e  Navajo country, . 

* 
Meeaverde formation. - Lying conformably above the Nancos shale,  

the Mesaverde formation consid.ts o f  a l te rna t ing  beds of sandstone, s i l t -  
stone and claystone.  Coal commonly occurs i n  the ehale uni ts .  The forma- 
t ion has been divided into many members, bu t  a de ta i led  discuesion of  
them i s  beyond the scope of t h i s  r epo r t ,  1 n the southeastern part of 
the lJavajo country the following members comprise the  blesaverde formation 
in  ascending order: the Gallup sandstone member, the Dilco coal rlember, 
the Dalton sandatone member, the Ba r t l e t t  barren member, t h e  Qibeon coal 
~nember, the Ho s t a  mndstone member, and the  Allison eandetone member. 
(Sears, J ,  D., Hunt, C. B ,  , and Hendricks, T, A,, 1941 pp. 101-119). 
Some of  the scadstone members are 250 feet  o r  more +hick and extend over 
several  hundred s.qmre miles. The aggregate thickness of these membero 
in t h e  Gallup-Zuni a rea  i s  o f the order  of 2,000 f ee t .  The Nesavorde 
formation c rops  out over mo s t of Black Ele s a  and t ha t  par t  o f the S a n  
Juan Basin which l i e s  i n  the Navajo country. 

The sandstones of the Mesaverde forme.tion cons t i tu te  one of the 
best aquifers o f  the  rsgion. Throughout t he  San Juan Basin dozens of  
ar tes ian welle produce water f r o m  these sandstones. Few walls have been 
d r i l l e d  in  the  northern pa r t  of  Blwk Fleoa, but i n  the  southern p a r t  the 
Meoaverde formation yielde water to several wells, 

Cenozoic rocks 

Tert iary systom 

Tert iary rocks l i e  unconformably upon Cretaceous and oldor woks  
in  sorm parts o f  the  Navajo country. Ono zone about 20 to 30 milea wide 

# xtends ssntheastward from near Jeddito t o  t he  vicinity of Wide Ruino, 
n this s e a  t h e  unnamed deposits cons i s t  of  up to  300 f ee t  of  poorly 

consolidat oC, 2oorly sortod aands tono with i n t e r ca l ca t  ed layers  of  silt- 
etone, c l ~ y s t o n i ,  and volcanic flows and tuffs. The Chueka Mountnim 



are a m  ther aroa of Tert iary d e p e i t s .  In t h i s  v i c i n i t y  t he  Tohatchi ' ' 

shale, about 200 to 300. f ee t  thick, i s .  ovorlain by about 700 feet  of &uska 
sandstone. A t  the  eastern s i d e  of the  Navajo. country, i n  the center of 
the San Ju~n Basin, as much a s  several thousand f e e t  of Ter t iary mater ia ls  
have been depo s i ted.  

The water-bearing proper t ies  of the  Tert iary deposit e axe var iable ,  
e.nd t h e  rocks a r e  not  considered good aquifers i n  the  region. In the  
Jeddito-lfide Ruins a rea  the rocks i n  some p laces  have sat isfactory p ropeh  
t i e s  as an aquj fe r ,  but commonly they l i e  i n  mesas, so tha t  water which 
may have percolated into  them seepe o u t  again around the base. P e r c i p i b  
t ion on the Chuska ITountains i e  higher than average; no wel ls  have been 
d r i l l e d  because springs and amall water holes y ie ld  su f f i c i en t  water for  
l ivestock and domestic ue'e. The Tert iary racks i n  the c e n t r a l  pa r t  of 
the San Juan Basin l i e  mostly outeicle the boundary of the Navajo Indian 
Reservation, W i t h i a  t he  Reservation these rocks supply water for several  
shallow dug welle. 

Quaternary eye t em 

Alluvial depoeita, consist ing mostly of f ine-grained unconsolidatea 
sand with some gravel, s i l t ,  and clay, underlie most of the streams and 
drainage channels i n  the  region. The thickness of these deposits  ranges 
from a few inches to a maximum of about 200 f e e t ,  but i n  most places the 
thickness i s  l e a s  than 50 feet .  

%'he Quaternary alluvium is water bearing i n  .those places  where re- 
charge i s  avai lable  from spr ings or f lood  runoff. Where there  i s  10 
fee t  o r  more of alluvium below fha water table there i s  u s w l l y  suff ic ient  
water available t o  supply a dug well o r  an i n f i l t r a t i o n  gal lery.  However, 
the storage c ~ p a c i t y  of the alluvium i s  small, and t he  water table fluc- 
tuates rapidiy i n  response t o  changes i n  the re la t iom between recharge 
and discharge. Furthermore, down-cutting o f  t h e  streams has lowered 
the water table i n  many placee end reduced the storage capacity o f  t h e  
a1 luvium. 

IGNEDUS RDCKS 

Igneous rocks i n  the Navajo country occur as dikes ,  necks, and lava 
flows. The region i s  dotted with these igneous rocks, par t icu la r ly  i n  
the Hopi Buttes volcania f i e l d  south o f  the Hopi Indian Villages. The 
igneoue rocks o f  the region a re  not known t o  be water bearing except i n  
Buell Park, where springs issue from agglomeratio breccia. Three springs 
i n  t h i s  area y i e l d  150 to 250 gallons p e r  minuts. 

The major s t ruc tu ra l  features  of the  Navajo country a re  the Black 
Mesa Basin, the ~outhwestern p a r t  o f  t h e  San Juan Basin m d  'che interven- 
i n g  Defiance U p l i f t  (see p l .  1 ) .  The Black Mesa Basin is  i n  t h e  Arizona 
p a r t  of the Navajo country. The eastwardrdipping beds of the Kaihab and 
Echo C l i f f s  monoclines form tho western side of the basin. The Black 
Mesa Basin is bounded on the north by t h e  Comb Ridge monocline. The west 
flank of  the Defiance U p l i f t  i s  the eas te rn  margin of the basin. The 
eastern monoclinal limb of t h i s  broad ant!.clinal s t ruc ture  forms the 
western edge of t he  San Juan Basin, Two and one-half miles e a s t  of 



Gallup, N. Mex., the  steep westerly dipping Nutria monocline forms the 
northwest flank of the Zuni Uplift  which del imits  the southwestern p a r t  
of the San Juan Basin. Two prominent l acco l i t h i c  mountain8 occW i n  
the northern p a r t  of the Navajo country. These a r e  the Carrieo Mountains, 
which l i e  north of the Defiance Upli f t ,  the Navajo Movntain which l i e s  
i n  the northwestern pa r t  of the  region ( see p l .  1 )  The regional 
a t t i t ude  of  t h s  bed8 is modified by many loca l  monoclines. an t ic l ines ,  
and synclinea. Each of these has i t s  e f f ec t  on the occurrence o f  ground 
water, Generally,. ground water i s  more read i ly  avai lable  i n  the  syncline 
than on an anticl.ine. Due to  s t ructural  highs, aqui fe rs  are eqosed  t o  

. . 
recharge from r a i n f a l l ,  sno wmelt , and runoff, 

Faulting i s  not very extensive i n  t h e  Navajo country, There a r e  
several  notable s t r i k e  f a u l t s  along the mnocl ina l  limbs of the  Defiance 
Upl i f t  and small tension f a u l t s  occur a t  several  l o c a l i t i e s  along the 
elongated dome. I n  the southwestern p a r t  of the region ' fau l t s  o f  small 
displacement have been found i n  the Kaibab limestone, 

In  t h h  a rea  the f a u l t s  and jo in t s  are  believed to  f a c i l i t a t e  r e  
charge to the underlying Coconino sandstone, Some f au l t i ng  has occurrerP 
i n  the biesaverde and older  rocke i n  the extreme eastern par t  of the reg: m,  
south of  Cro wnpo int .  

The s t ruc tu ra l  features  of the region a r e  of major importance i n  
the occurrence of ground water. The Blmk Mesa basin and the San Juan 
Basin a r e  large saucer-shaped depressions. !he successive rock layers  
a r e  exposed at the  land surface on the perimeter o f  the basin, and dip 
beneath the surface toward the center. Water en te rs  the  permeable for- 
mations where they a re  exposed at the land swface,  and moves dotm d ip  
toward the center of the basin. The water moves slowly and dissolves 
some of the soluble mineral matter contained i n  the rocks through vhich 
it passes, bedoming progessively more highly mineralized. The ground 
water i s  discharged from the formation by springs i n  canyons o r  along 
mesa escarpments, by pumpeii and flowing wells, o r  by upward seepage i n t o  
overlying beds, 

In select ing a s i t e  for a water well  the s t ruc tu ra l  re la t ions  should 
be considered. Wells d r i l l e d  near the outcrop w i l l  penetrate  the  forma, 
t ion  above the zone of saturation.  Far ther  down d ip ,  a greater well depth 
w i l l  be required, but the formation w i l l  be saturated and the well  w i l l  
be required, but the  formation w i l l  be saturated and the  well t r i l l  be 
successful. Toward the center of the bas in ,  many miles from the  outcrop 
zone, water would be encountered at g rea t  depths and m a y  be too highly 
mineralized for domestic o r  1 ivestock use. Local o t ~ ~ c  t u r d  condi t ione 
a l t e r  theso generalized. re la t ione.  Faul ts  impede o r  d i v e r t  the movement 
of ground water and thus a f f e c t  the Xklihood of  obtaining water from 
wells i n  some l o c a l i t i e s .  

PRINCIPAL AWD'ERS OF T U  REGION 

I n  general, the aquifers  of the  Navajo country are l ess  permeable 
than the p r inc ipa l  aquifers i n  other p a r t s  of Arizona and New Mexico, 
Tha rend?r should bear i n  mind tha t  the t o m s  "good.. aquifert1 and I1poor 
aquifer" m e  re la t ive .  For example, i n  the  Navajo country a well tha t  
y ie lds  as much as 100 gallons per minute i s  r a r e ,  but i n  pa r t s  o f  southern 
Arizona and New Mexico a well that  y ie lds  l e s s  than 500 gallons p e r  minute 
i s  considered a f a i l u re .  The permeability of the  aquifers  i n  t he  Navajo 
c o m r y ,  based on pumping t c e t  a, ranges from 1 to  40 gal lons  per  day p e r  
foot ,  The permeability o f  the gravels of the Gila River, near Safford, 
Ariz, , commonly i s  500 to 2,000 gallons pe r  day pe r  foot ,  



The Permian eandotonee of , the region conet i tu te .  one of the 
pr inc ipa l  aquifers. Recharge oocurs d i rso t ly  on the  outcrops and through 
the overlying limestone where i t  i e  faul ted or  deeply fraotured. In  the 
eouthwset pa r t  o f .  the Navajo country several windmill-powared wella pump 
Water from the Coconino eandetone at a dieoharge of 3 ' t o  5 gallon8 per  
,minute. These welle w e  believed capable of produoing greater  dieohargeo 
with la rger  pumping equipment. Two welle recently d r i l l ed  t o  a depth of 
about 2,450 f e e t  near Klagetoh each yield 35 gallons per minute from the 
Coconino eandstone. A well a t  Oanado i~ reported to  bo capable of yield- 
ing 100 gtfllone per minute from the Coconino eandetone. Nutria Springe, 
which iseue from the Glorieta eandstone member of the S a n  Andrea .forma- 
t i o n  on the eouthwest flank of the Zuni Mountaine, .discharge more tkm 

' 200 gaLlonu per minute. Other notable springe are  i n  the For t  Defiance 
a rea  and near Toadlena. Areas,of potentisll fu ture  development of the 
Perlilian sandstonee f o r  l iwe tock  and domeeti o water mppliea f nclude 
Ch-lnle Vdl,ey south of Chinle, Black Creek Valley from Red Lake south t o  
Oak Spring, and fur ther  development i n  thoee areae where wells have al- 
ready been clrilled. The required depth of welle w i l l .  range from 500 to 
.2,000 fee t .  

The Shinarump aonglomerate i e  water bearing i n  a large par t  of the 
region. The greateet  yield l o  obtained from welle i n  Black Creek Vdley;  
at St. Miohaelle School a yield of 50 gallons per minute was obtainod with 
a drawdown of 36 fee t .  It. i p l  believed that many more welle f o r  livestock 
and domestic use oould be euccesefully developed along the north erid of 
the Defiance u p l i f t ,  i n  Black Creok Valley, d o n g  the north flanlto of the 
Z u i  Mountaine, poesibly i n  p a r t s  of Ohinlee Valley, and poesibly i n  the 
southern and oouthwestern part of the Navajo country. 

The Navajo sandstone, i n  the weetern and northwestern part  of the 
NavaJo cowtry,  i e  conoidered one of the beet aquifers. A well recently 
d r i l l e d  to a depth of 1,240 f e e t  'at Kaibito Day School yielded 30 gallons 
per  minute with a drawdown of 1 foot during a. bai l ing teet. A well 
d r i l l e d  840 f e e t  deep at Kayenta i n  19118 yielded 100 gallons per minube 
with a'drawdown of 184 fee t  during a pumping teet .  Three springe at 
&ba City yield a t o t a l  of more than 125.gallone per minute, I n  a oanyon 
a few miles eas t ' o f  Tuba City a group of spr ings ,y ie ld  about 200 gallons 
per  minute. Other springe, w e ~ t  of Tuba City, yield over 200 gallons 
p e r  minute, Many more welle oculd be d r i l l e d  in to  the Navajo sandstone 
f o r  l ivestock and domeetic uee without overdeveloping the formation. The 
required depth ranges from 300 t o  1,500 feet .  

The Juraesio Cow Gpringe sandstone described by.Harehbargor, 
Repenning, and Jackson (1951, p. 2) i s  potent ia l ly  a good aquifer. The 
formation i s  wide e p r e d  and apparently has uniformly good wat er-bearing 
properties. The formation i e  believed cagable of additional development 
i n  some areas. 

The Dakota sandstono i e  water bearing i n  moet plaoee and i a  con- 
sidered a good aquifer  i n  the region, The ground water :'a of suitable 
qual i ty  fo r  domestic uee i n  most  placee, &though i n  those loca l i t i ee  
where shale and coal predominate the water i s  more highly mineralized. 
Further development f o r  liveetook use i s  jua t i f ied  i n  moet of tho areas 
where the formation i o  within eaonomio reach of the d r i l l ,  

Ooneidering the a rea l  dietribution'  and the quanti'ty of water 
avai lable  to wel ls ,  the  Mesaverdo formation of the San Juan Baoin con- 
ta ino  the best aquifers  i n  the region. Many of the welle i n  the baein 
flow; a well 873 fee t  deep, d r i l l ed  .a few miles east  of Twin  lake^, flowe 
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, 90 gallone per minute and hae a e ta t i c  ehut-in preseme that  wou:(.t'. lift 
water over  250 f e e t  above the land fiuface,  Tho aallup eandstone maber ,  
the  Dalton oandetone .member, and the Hoeta sandstone member a r e  the prin- 
cipal water-bearing member6 of the Meeaverd,e formation and a l l  are be- 
lieved capable of fur ther  development, We,tsr from these membero i e  
ueuelly s&t, but i n  seine areas i t  i s  rather  highly mineraliaad. I n  the  
Black Mesa Baein few welle have been driLled in to  the Meoaverde formatiou 
but th ree  welle dr l l led during the f i r s t  half of 1951 indicate  that a m a l l  
fruppliee a r e  avai3akj.a i n  those areae where etructural and recharge con- 
dit ions a r e  favorable., Here, a2e0, the  water i s  eoft but is highly min- 
ers l ieed i n  eome l o c ~ i t i e s ,  

The Qutxternary alluvium i s  not considered a dependable aquifer through- 
out the Navajo country be.cauee the amount of water it contain6 fluotuat ee 
quickly i n  reeponse t o  changes i n  recharge, Many thallov wella f a i l  i n  
drought years. ' Nevertheless, the alluvium consti tutee an aquifer that can 
be tapped relat ively oheaply and, i f  i t  i s  realized that  wells are l i ke ly  
t o  f a i l  at t i m e ,  oan be used to  furnish l ivestock and domestic water 
supplies. The alluvium i s  not adequate t o  eupply water f o r  i r r iga t ion ,  
schools, communitiee, o r  hospi tale, except i n  those places where recharge 
occurs from p9 rennial  streams o r  from epringe wbooe murce i s  underlying 
bedor A t  the mouth of Canyon DeChelly the alluvium i s  over 200 f e e t  
thick and i s  recharged f r o m  eurface runoff and effluent 'water f rom the 
Permian sandetones along the Defiance up l i f t .  A well d r i l l e d  into the 
alluvium t o  supply the o o m m i t y  of Chinle yieldad 5C0 gallons per minute 
with a drawdom of 65 f ee t .  

SUMMARY 

Although ground water i s  widely distribiuted i n  the Navajo country, 
the quant i ty  available at any loca l i ty  i s  amell. The a r i d  climate and 
the rough terrain of canyons, meeae, c l i f f s ,  and buttee combine to reduce 
the amount of! recharge avai lable  t o  the aquifers. The aquifers have low 
permeability and do not transmit water readily,  Lithologic chan~tie i n  some 
of the formations affeot the ava i l ab i l i t y  of ground water t o  welle i n  
some local i thes .  Locally, s t ructural  up l i f  t e  have raised some formations 
above the  water table and have diverted the elowly moving ground water 
i n  other locrtl i t iee.  However, i n  moat  pa r t s  of the Navajo country suff ic ient  
ground water f o r  liveetock and domeetio use can be developed, although 
i n  some areas wells as  deep ae 1,500 to 2,000 f e e t  are required t o  obtain 
suf f ic ien t  water. There i s  l i t t l e  hope of developing ground water i n  
euff ic ient  quantity for i r r i g a t i o n ,  except from alluvium i n  places where re- 
charge i s  abundta t ,  
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