


INTRODUCTION

Tue GoOlogical Survey has been studying ths ground-water resources
of the Navajo Indien Reservation since January 1948, particdularly with
respect to obtaining adequate water supplies for schools. The area in
the vicinliy of the Navajo Wountain school was ipvestigated in July 1948.

Looation

The Nevajo Yountain schocl is located on the sast sids of Navajo
vountein, in southern S=n Juan County, Utah. The altitude of the school
is adbout 6,100 feet above sea level. Tne schcol is about 2 ~ilss north
of the Arizona-Utah State line, and can be reached only from Arizona,
The roed to Navajo Vountain extends mortheast fror U., Ss Highway 89 mpear
Crmsron, Avizona. Ralnbow Lodge, the oply settlemsnt within 25 miles
.. the school, is lccated on the scuth side of Nuvajo *ountain, in
veconino County, Ar.zona.

Topography apd drainage

Havejo Yountein is & roughly syrmetrical dorme. Drainage from ihe
southeast, east, end northeast flanks enters Piute Creek, which flows
ipto the San Juan River and thence into the Colorado. Draipage from
the zouthwest, west, and northwest flanks entsrs the Colorado River
dirsctly. Deap capyons on the east, north, and west make the Navaejo

1 n area inaceessibls fror alil but the south side. The terrain is
f TU é, and the elevation raages fror about 5,000 fecat above
in Jackrabbit Canyon to 10,250 feet at the top of the mountain,
of less thaa 8 miles.

With raspect to the broad outline of the rmountain, Duttonl/ states:

© %0 the southeastward, wupob the horizon, risss a
gig ic dome of wonderful syrmmatlric and simple form,
7% 1= ihs Wavajo Vvountain. Ceoncelve a segrent of a
sphara cut off by a plame through the seventieth par-
allal of latitude and you have its form exactly. From
whatscaver quarter it is viewed, it slways presants
thg sa=g profile. JI& is guite sclitary, without even
153

othill for socistly, and its very loneliness is
8ssivas

A

A} nesrer approach the sides are seen to be cut into
vertical canyons and deep gorges by drainage limes. In
places, particularly on the southsast, the outline is
subdusd bscause of the praessnce of snormonus dseposgits

of raterial in the form~ of fans, ailuvial slopes,

and rock strears. T_e less ercded parts of the top
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of the mountain present & plateau with flaring

edges which are soalloped by canyon walls. The

short canyons, with steep gradients, lsading norih-
ward and porthwestward removed about equal armounts

of material, so that these side# of the mountain
p®esent & siOping plain. A strearm lsading southwest
has cut far intc the heart of the mass, so uhat the
top presents the outlipnes of a gigantic horseshoe,
Tue higher parts of the mountain consist of low
ridgss, imperfectiy drained flats, small cliffs,

and minlature canyons .ee. 8npG areas acres in extent
are covered with piles of apgular blocks so large as
to praotically prohibit travel over them, The slopes
of the minor ridges are strewn with beulders, and in
three locelities these fragments .... are arranged

as rock flows, extemiing down the slope for 200 to 300
feet end forming at the base rildges with rmuch the
appearance of glaclal moraines.

Préblerm

T..¢ oxisting water supply at the Navajo Yountaln school is ob-
tained frorm a well dug in the alluvial £ill of the principal waeh on
the eazt azide of the mountain. Tue well goes dry nearly every summer,
and the sthool is extremely short of water part of each year. A daep
well, drilled at the school in 1946, produced no water.

Field work

Pield studies were made by S. C. Brown and H. A. Whitoomb, geol-
ogiagts, and G. A, laru2, student engineer, between July 2 and July 15,
1945, Tus studies, undertaksn for the purpose of locating an adequate
water supply, ipcluded an sxamipation of all springs and wells within
a radius of about € miles. Tue geologic ssction was studied to deter-
mine the advisabllity of drilling another deep well. Tue work was

under the dirsct supervision of L. C. Halpenny, enginoer in charge of
Navajo work. :
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consists of

thin, evenly bedded, dark-brown to chocelate-brown

sapdy shale with a great many thin heds of red-brown ripple-
rarked sandstone and some irregularly hedded, blocky-
weathering, platy to massive, red-brown, medium-

gralned sandstone containimg lenses of grit.

The formation is not exposed in the Navajo t'cuntain erea. Tue thick-
nesg is estirated to be from 130 to 340 feet. Water from thae woenkopi
forration is almecst universally of poor quality-in the region, and in
somg areas 1s even unfit for livestock to drink.-

Tue Sailnarump conglomerate disconformably overlies the rogenkopi
forrmation. Tne Saiuwrurp conglomerate is essentially a grey fine- to
coarse-grained quartz sandstone containing conglormerate lemnses and
interbedied shale. Tug more massive beds of sandstone contain scattered
quartzite pebbles and are irregularly cross bedded. Tue thickness of
the foxation is variable throughout the region, ranging fro~ 1 to 200
feet. Tag Suinarump conglo~erate yields water to wells in those parts
of the region where the formation is sufficiently thick and whers
structural comnditions are favorabls.

Tue Cuille formation confor~ably overlies the Siinarurp conglom-
grate. In Piute Canyon and Juckrabbit Fork, east of the Navajo
vountain school, about 350 feet of the upper -part of the Guinle
forration is exposed. Tne total thickneas of the forration is estimater
to bs about 900 feet in the area. Tue forration consists of varlegated
shales with thin beds of red to buff sandstone and light- to dark-gray
limestone. The sandstones ocour chiefly in the upper part of the
formation., This forrmation is non-water bearing in the area.

Jurassic (?) apd Jurassic rocks

The Glen Canyan group, of Jurassic (?) u.e, overlies the Cuinle
formation. Tue Wiigate sandstone, the lo 3r forration of the group,
consists of buff fine- to medium-grained quarts sand. Tue sand graips
are angular to rounded and are cemented with calcium 8arbonate. The
sandstone is croas-bedded on & large scale, and weathers to deep-red
cliffs which show pumerous vertical joints. At the Navajo Yourtain
school the Wiigate sandstone iz 2%6 feet thitk, as shown by the log of
the test well (tuble 1). Tne well yilelded about 1l gallon per rinute
from~ the lower part of the formation.

Tue Kuyopta formation, which overlies the Wiipate sandstone, is
a buff to red irregularly bedded fine- to coarse-grained sandstone,
with sore interbedded shale, lirestore, and conglomsrate. Tue well
log {table 1) wsuows this formation to be 203 feet thick at the school.
No water was emcountered in the formation at the well lccation, but
the springs at Rainbow Lodge iasue fror a bedding plane about 30 feet.
below the top of the formation.



The Navajo sandstone is the upper formation. of the Glen Camyon
group, and overlies the Kayenta forration. The Navajo sandstone is
composed of buff to gray quartz sand, the grains of which are medium-
sized and subangular to .ounded. The sand grains are leosely cemsnted
wilth caleium carbonats. The sendctons is intricately oross bedded,
with many tangential bedding planes, It hes e maxirum thickness of
about 1,100 feet. Tmndisches Spring issues from rock dedbris, at or
negar the top of the Navajo sandstone. The contact betwsen the sandsions
and the overlyimg Carmel forrmation eould not be accurately determined
at the spring. Under move favorable structural conditions the Navajo
sapndstone probably would be & fair aquifer.

The San Rafael group of Jurassi¢ age overllies the Navajo sandstons.
Its lowaer unit, the Carmel forrmation, consists of interbedded red
sandstone, shale, ~udstone, and soreg thin beds of gray lirestone. The
total thicknesse is about }30 fest. The forrmation crops ocut high on
the almost ipaccesgsible flanks of Navaje vountain. The Carpmel farmation
is not considered a geod aquifer in the area.

The ®ntrada sandstons of the San Rafael group lies conformably
upon ths Carmel forration. The Entrada spndstore is light brownish red
to %an in color. It is fine- to wediurmegrained, wassive, tangentially
crosa bedded, and forms the steep cliffs and uppsr slopes of Navejo
wountain, The total thickness is about 450 feet. War God Spring is
reported to issus fror bedding planes or joints in the Eatrada sand-
stons, at an elevat on of about 9,000 feet. The opening 1is reported to
b@ obscured by rock dabris, The outecrop area of the Entrada sandstone
is pot suitably located to receive much rscharge, and thersfore the
formation is considersd to be a poor aquifer in the Wavajo vountaln arec.

Tie Vorrison formration, which overlies the Entradea sandstone, is
-comprigad of gray to brown massive, eross-bedded sapdstone, conglomerate,
and thin lenses of gresn or red shale. The oonglomgrate pebbles comnsiat
shala, varisgated sandsbone, chert, and quartz. The for~ation is
% 475 fest thick and crops out as ridges and slopes near the top of
; wountein. The Worrison formation is not considered a good aguifaer
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he area, although undsr mors favorable conditions it probably
1 produce water.
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Cretacesous or Jureszio rocke

Tha roeck capping Nawvajo Yountain is a gray-white silicified
conglorerete sandstone conteining rounded psbbles of white quartz which
rapge up o 3 inches in diameter. The rock overlies the vorrison for-
ration, and is stratigrapbically in the positicm cocupied by the Dakota
sandstons of Cretaceous age. In other parts of the regiom the Dakoéta
sandstone is gray to brown, coarse-grained, and irregularly bedded.

It is looally conglormeratic and contains some sandy and carbonaceous
shale and irpure ooal. Bakeqé/ states that identification of the
Dekota sandstons at the top of Navajo vountairn is gquestionable, apd

2/ Baker, Arthur Aoy OPo cit., po 60.'
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that perhaps thies rock should be inclwied in the Vorrison forration,.
However, the present writera bslieve that the rock reserbles the
general lithologlc wsscription of the Dukota sandatone rors nearly
than that of the Vorrissm forration. The rock does not yield water
in the area.

Quatarpary alluvium

Alluviur of Quaternary age is generally 5 %o 30 feet thick in
the washes that draifn the Navajo wountein., Tue alluvial Till nesr the
school is peorly sorted raterial which contalne® boulders derived from
the Navajo sandstops and younger forrations. The fill is 20 to 25
feet thick and ai present is the oply source of ground weter in the
vicinity of the school.

Structure

Nave jo trountain is a large antielinal dome with & maximum
siosure of at least 1,600 feet. Tue beds dip radially from the top
ef the mountaln, with dips ranging from about 59 on the scuth =zids %o
about 20° eon the northwest side, Piuts Creek flows north along ths

zis of a synoline cn the sast side of the mountain. 7Fror Piate
Grneﬁ‘the bads rise gently eastward toward Balanced Reck antieline,
about 8 miles avay. Eastward from the Balanced Ruck enticline the
beds dlp into the Nokal synclime and then rise gently again to Hogkw
innini V“ess, about 16 miles east of Piute Cresk.

No feults wsre observed in the area,
PCSSIBILITIES FOR OBTAINING ADDITIONAL WATER

Prior to the investigation it had been suggssted tha® thers

were thres possibilities of obtaining an adequate water supply at the
Navajo Mountain school. These possibilities were: (1) To locats
sp“1gc@ or Navajo Wountain which could be dsveloped and would flow

gravity to the achool; (2) to deepen the wsll that was drilled im
l?dg ard (3) to irprove the recovery of ground water froem the alluvial
£1i1l along the wash near the school. No other possibilities of ob-
taining watsr became apparent during the course of the investigatiocn.

Springs

Inguiries viere made of the few local residents a3 %o the locetion
of springs om Navajo Vountain. A guide Tras obtained and ths rountain
was climbed to study the sprimgs and the stretigrephy. Ouly two
springs--Wur God Spring and Zdischee Spripg--are knouwn to issue Trom
the higher slopes of the mountein, A third, Raimbow Lodge Spring
occurs mnear the base of the moumtain on the southwest sids.

War God Spring is about 3 3/4 miles west of the zchool, at an
slevation of about 9,000 fest, or about 5,000 feet higher than the
school. An unsuccessful ettempt was mady to reseh the spring during
ths ipvestigation. Tue spring is reported Co issue from the Mmirade
santistons into & camnyon wihich drains to %the south., The nrgssnt &is-
cheprge is report to be about & gallens per rinute

wisah L En i A LGN _.L & i adle B &P 1 C



GregOryé/reports that in 1910 the dischargegyvas 25 gallons per
minute,  the temperature of the water was 47 F., and the quality
was "gxcellient."®

Endischee S.ring flows ipnto the same canyon as War God
Spring, at an eleyation of about 8,000 fset. The spring iscues
from the upper part of the Navajo sandstone, and the discharge 6n
July 12, 1948, was esti~ated to bs T to 10 gallons per rinute. It
is reported that }he flow duripg the winter is about 25 galiomns par
minute. Gregoryé states that in 1910 the diacherge of Endischee
Spring was about 3 gallons per minutee An analysis of the water
is given in table 2+

The dis@harge fror both these springs would be barely suffic-
ient to supply Navajo Yountain s8&iool, and the coat of laying and
raintaicing a pipe line from the springs to the school would he
lerge. The line would have to be buried to prevent freezing during
the winter. The water fro~ each of the spripgs sinks irto the
alluvial fill of the canyon and is dis@harged to the atmosphere
within half a wlle by evaporation and transpiration.

TLe springs at Reinbogw Lodge lssue from the Kayenta formatior
at an elevation of about 6,%00 feet. The lodge is about 10 milss
by road or about 6 miles by air southwest of the school. The total
discharge of the springs was ggtirmated to be 7 to 10 gallons per
minute on July 12, 1940. A.l the water was being used for domestic
or stock purposss, and therefors the springs ceuld not be considered
as a source of water for the school. Ai: gnalysis of the water is
given in table 2.

Deep well at school

Tue desp well drilled in 1946 produced about 1 1/4 gallons
per minute from the Wingate samdstone. T.e bottom of the well was
in the Chinle formation (see table l). The geologic studies in-
dicate that it probably would nol{ be advirable to dsepen the well,
because structural conditions are unfavorable for the accusulation
of ground water in the unexposed sedirentary rocks in the vicinity
of the séhool.

There is & slight possihility, however, that the Shiparump
conglomerate, if present in the vicinity of the school, is water
bearinge Tue top of the formation may be expected at a depth of
about 1,400 fest, which is nearly 700 feet lower than the altitude
of the outcrop area. The cubcrop area lies im a marrow belt along
the axis of the Balangsed Rock anticline, about 13 miles east of the.
school. However, the Pluts Caeek syncline, which plunges to the
north, lies betwesn the outcrop area and the school, and it is

.

e

[
&/ Gregory, H. B., op. cit., p. 157, 1916.



8

believed that most of the ground water moving west from the anti-
ecline drains north along the axis of the syncline. Although the
Shiparurp conglomerate may possibly be saturated at the school,

there probably is little or no roverent of ground water in that
vieinity, apd the residuel salts in the formatior probably have

not been rsmoved by flushing. Thersfors, if ground water is encounts
ered in the formation at the school it is likely to be highly miner-
alized.

The DeChelly sandstone memdber of the Cutler formation crops
out in Nokail Creek, on the east side of the Balanced Rock anticline.
As the formation dips eastward in ghat locality, there is no
possibility that water entering the 8utcrop could move westward
toward the sehool,

Well or infiltration gallery in alluyium

The dug well in the allu¥ium at the school is 20 feet deep.
The botsom of the well 13 reported to be on the Navajo sardstone.
The water level in the well fluctuates with the seasons, so that
the wall becores dry in the sumwer when the creek &easszs to flow.
The well intercepts underflow of the cresk, and when the water
table is high the well will produce sufficient water fdr the school,

The underflow of itie creek is estirated to range between
3,000 and 45,000 gallong per day, based on the following factors:

. Gradient of water table: 400 feet per rile
Width of slluvial fill: 40 feet

Estimated average thickness 1 to 15 feet
of saturated portjen of fill
{range during year)

Estimated average 1,000 gallons per day
permeability of fill: per square foot at unit
bydraulic gradient

Ai: infiltration gallery probably would nolle®t more water
vhan the existing well, although even a gallery prchbably would fail
to produce water during periods of little or no runoff e A low dam
extending to bedrock, to stop underflow past the gallery, would
raise the water table and increase the effeetiveness of the gallery.
The storage tank at Navajo Mountain is reported to hold 4,000
gallons, which is enough water for about a day at ‘he porral rate
of 'usage when the school is in operatien. If the storage capacity
wore imereased to 50,000 or 75,000 gallons, the school probably
could be operated a few weeks longer each year. With an infiltration
gallery, and with larger storags tanks, the rupoff generally occur-
ring in late spring might be sufficient to kesp the school open until
the normal e€losing date. The runoff in August probably would make
sufficient water available to fill the storage tanks prior to
Septerber 1. Under existing conditicns, the school opens a month
late and closes a ronth early bscause of the water shortage.-:



QUALITY OF WATER

Apalyses of four samples of water from the Navsjo 1rountain
arsa are included in table 2. All the sarplee contain moderate

amounte of d&issolved matter, conaistigg ~ainly of caileium and
bicarbonate, .

The water frem the well at the school is hard but satisfactory

for domestic use. Samples fro~ the othexr sources are of better
qualitys

CONCLUSIONS

1. Tae discharge of War God and Zxdisches Spripgs on Navajo
Vvountain is coneidered bagrely surffiaisnt to supply the nseds at
the school. It is belleved that the cost of developing the springs

=]

and piping water to the school would bse prohiditive.

It is not considered advisable to deepsn tha 823«fopt
e schocl. If the Shinarwmp conglorgrate 1s present in
ares, taeze is a alight possibility of obteininrg water from the
~ation, but the quality of the water probably would be poor.

¥, The ercunt of ground water recovared from the alluvial

e
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Lill sy the schocl probably eculd be increased Ly constructing an
anderflcy dar and ap infiltration gallery across the creek.

4. The school probably could be kept open longer in the
spring end opened sarlier in the fall by increasing the water-storage

=
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Teble 1. Log of well drilled at Navajo Wountain schooly
August 1946. Diereter, 8 inches; uncesed.
Burt Cravath, driller. Wwell produced 1 1/4
gallons per winute from Wingate sandstone
betwueen 505 and 528 feet. Water level, 500
feet below top of casing. Abandonad as dry hole.
Forrations jidentification by S. C. Brown.
~ Thickness | Depth
fwterial {fest) (faet)
Ailuviar
Fill . 4 £
Sund anpéd boulders 32 36
lavajo sapndsione
Hard red sandstone 45 21
Kayente formation ,
Red shale 12 23
Red sandstons : 97 130
Lavers of dark-red sandstone and shale 94 2d4
Wingate =apdstone
Light-ref saudatons 221 505
Rot sapdstone, water » 520
Light-red sand=stone 20 540
Cuinle formation ' o
Red, gray and purple shals 30 590
Red flaky sandstone . 12 696 -
Light-eoclored hard sandstore 18 708
Hard red sapdstone 2 710
Red sandstone ; o ; 1%
Gray sandstone 3 720
Red sandstone 30 800
Red stieky shale 23 23
TOTAL DEPTH 23 -
!
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Tuble 2. Aualysaes of water from Navajo Yountain ares,
Utah., Analyzed in Southwestern Laboratory of

Ceologicel Survey, Albugusrgue, New Vexieo.

(Paxrts per rmillion except specific conductances)

Sumple | Dute of Terper- Specific Calcium | Vag- odivm
NO .o Ccllect- | ature Cunductance, {Ca) nesiur | and
ion OF. (Vchorhos (¥} Potassium
1548 @ 2 ) {WafK)
i July 54 399 54 14 16
: 22
Foe B x
2 § do. 62 222 26 10 7.6
LN GNP,
‘3 % do o 3 - 222 - - =
RS S— -
; July
& | 10 56 5%6 64 27 14
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Endischee Spring, on Navajo Wountain. Disgharge, 7 to 10 gallons
par rinute.

estic spring at Ralnbow Lodge, Ariz., 2t base of Nuvajo wountadn.

.r“vr
PO L4
~ Discharge, 7 to 10 gallons per minute.

Stock spring at Rainbow Lodge. Discharge, » to 1 gallon per minute.

Dug well at Navajo Weuntain school.
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