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Mr. L. C. Halpenny, Holbrook, Arizona May 3, 1951
Chas. V. Theis, Albuguerque, N. M.

Status of report, "Memorandum on geoclogzic reconnaissance of six sites

for water wells, western part of Navajo Indian Heservation, Cocctonino

and Navajo Counties, Arisona, by He. A. Whitcomb, and C, A, Repenning,
April 1950."

The above report was sent Washington for editing and relcase on
April 21, 1950, and we have not been advised as to its status. If
you have this information, will you please advise whether it has been
released to the open files or to the Indian Service only,

Chas, Vs Theis
District Geologist

CVT/rj
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' ' A. W, Sayre, Washington, D. C.
(Through 5. ¥. Turner)

Anril 21, 1350
H. A, Vhitcowd, Tuceonm, Arig,

Transmitta)l of revort: ™emsrandum on geslogic reconnaissance of aix sites
for water wells, weeatarn nart of Nnva,jo Indinn Resarvation, Coqon!no and
Navejo founties, Arizona."

Enclosed ig the orizinal anﬂ one earban cony nf the above report for
editing, for relesge first to the Office of Indian Affaire and later to the o-w;
file.

Cng;in‘ of the revart are being sent for reviewv to Negers, Thele, Howard,
Hem, and Resd, They have been renuested to send their eritioirmsg directly to

g it G Ul o

: ‘ Harold 4, “hiteord
wer U, F, Thets ;
Jo D) Hem -
Cy S, Howard
C. B, HKepd
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Introduction

At the request of the Buream of Indian Affairs, the Geological Survey
is making an investigation of the ground-water resources of the Navajo and
Hopi Indian Reservations. The program of work includes investigating the
possibility of developing domestic and stock water supplies at sites
selected by officials of the Navajo Service. It is anticipated that test
wells will be drilled at those sites where investigations by the Geological
Survey show that ground water is likely to be available. Test wells that
yield water of satisfactory quality are usvally completed as producing
water wells.

This memorandum describes reconnaissance investigations at six
localities in the western part of the Navajo Reservation and one in the
western part of the Hopi Reservation. The principal community in the
vicinity of the localities studied is Tuba City, which lies north of the
Iittle Colorado River about 13 miles by road northeast of U, S. Highway &9
(see fig. 1). Tuba City is 75 miles from the nearest rallroad station, at
Flagstaff, Arizona.

Bach of the six localities studied was assigned a number for conven-
ience (see locations, fig. 1). The sites are discussed individually in
the following sections.

Site 1
The proposed well site is on the Kaibito Platean in a little known

area between Kaidbito and Navajo Canyons where surface-water supplies are
impermanent or relatively inaccessibdle. The area is about 20 miles by
truck trail northeast of Yaibite. The EKaibito Platean is a region of
light rainfall, and the mean anmual precipitation probably does not exceed
7 inches., ZEphemeral streams carry surface runoff northward to Navajo

Creek and westward to Kaibito Wash.
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The proposed location is in a broad valley which slopes northward
toward the upper reaches of Navajo Canyon. The altitude is about 6,000 feet.

The Navajo sandstone of the Glen Canyon group (Juruli(e). whiech forms
much of the surface of the Kaibito Plateam, is exposed in the vieinity of
the prospective well site. The presence of outerops of the overlying Carmel
formation of the San Rafael group (Jurassic), capping the Navajo sandstone
a short distance to the south, indicates that practically the entire thick-
ness of the Navajo sandstone is represented. It is estimated that the
Navajo sandstone is between 800 and 1,000 feet thick in the area studied.
The sandstone is characteristically buff in color, grading locally to pale
orange or pi'nk.in.uivo). and cross-bedded on a large scale. Occasional thin
lenses of cherty limestone occur locally in the upper part of the formation,
As a rule, the hydrologic properties of the sandstone are excellent. The
Navajo sandstone is underlain by about 125 feet of relatively impermeable
shales and sandstones of the Kayenta formation. The massive Wingate sand-
stone, about 200 feet thick, underlies the Kayenta formation and constitutes
the basal unit of the Glen Canyon group.

A reconnaissance of the region, supplemented by review of published
reports of geologle investigations in adjacent areas, indicates that the
site for the proposed well is on the northern flank of a broad dome. Dips
range from 1° to 2° nmorth. In the area, the Navajo sandstone has been
deeply incised by two major canyons, Navaje Canyon lies along the northern
and eastern margine of the dome, and the canyon of Kaibito Wash has been
cut into the dome west of the area.

Several factores combine to produce conditicns that are unfavorable for
the accurmlation of ground water in the area. CSouth and east of the pro-
posed well site the Navejo sandstone is overlain by a series of sandy shales

and thin, interdedded sandstones that make up the lower part of the Camel
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formation. This relatively impermeable capping, up-dip from the well site,
restricte the amount of recharge available to the Navajo sandstone. The
digsection of the Navajo sandstone by Navajo and Kaibito canyons has pro-
gressed to the base of the formation in all but the upper reaches of Navajo
Canyon, causing most of the accumulated ground water to escape down dip.
There is little opportunity for recharge of the underlying Kayenta and
Wingate formations., The only exposures in the region are in cliffs in the
lower parts of canyon walls. The top of the Kayenta formation is made up
of soft, silty shale that impedes percolation of water from the Navajo sand-
stone downward into the Kayenta and Wingate beds. For these reasons, it is
believed that the Kayenta and Wingate formations cannot be coneidered as
aquifers in the area here described.

Geologic conditions in the area lead the writers to conclude that
drilling a well at site 1 is inadvisable. This conclusion is supported by
information obtained from test wells drilled under similar geologic condi-
tions in adjacent areas (wells 14-125, 14-150, and 14~151, tables 1 and 2).
It is certain that any water encountered will be at considerable depth,
probably at the contact between the Navajo sandstone and the Kayenta

formation.

Site 2
The prospective site is about 12 miles northwest of Kaibito. Geologie

conditions in this area are comparable to those existing north of Kaibito,
at site 1. Three dry holes, already drilled short distances to the south
and to the west of the proposed site, make further attempts to develop a
well in the area ill-advised. The holes (wells 14-125, 14~150, and 1A-151,
tables 1 and 2) were drilled to depths of 1,268 feet, 1,420 feet, and

820 feet, respectively.
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Site 3

The proposed well gite is located on the Shonto Plateau about 3 miles
southwest of the Shonto School. The area lies between Shonto Wash and
Begashbito Wash, about half a mile west of the road that linke Shonto with
Reservation Highway 1. The altitude st the well site ie approximately
6,300 feet. The area is drained by Shonto and Begashbito washes, which
flow southwestward to Moenkopi Wash,

H, V. Peterson, geologist, Geological Survey, submitted a memorandum
to the Navajo Service in 1942, in which he stated that water might be
expected at this site at a depth of about 600 feet. After a drief recon-
naigsance of the Shonto area, the present writers are substantially in
agreement with the conelusions reached by Mr. Peterson.

An undetermined thickness of Navajo sandstone underlies the site of
the proposed well. The upper part of the formation has been removed by
erosion. It is believed that the thickness in the Shonto area is in excess
of the 40O feet of Navajo sandstone exposed in Laguna Canyon, 10 miles
northeast. About 200 feet of the underlying Kayenta formation and Wingate
sandstone are also exposed in Laguna Canyon., It is estimated that the
thicknesses of the Kayenta formation and the Wingate sandstone in the Shonto
area are 125 feet and 275 feet, respectively.

The only deep well in the vicinity (well 2A-13, tables 1, 2, and 3) is
located at Ingcription House, about % miles northwest. The well was drilled
to a depth of 620 feet, and ylelds about 10 gallons per mimute from the
lower 70 feet. The well log shows an upper 500 feet of yellow sandstone and
a lower 120 feet of red sandstone. The lack of detailed descriptions of
the strata penetrated makes precise identification impossidle, On the basis

of available information, there is nothing to indicate that any formation
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other than Navajo sandstone was penetrated. It ig improbable that the sandy
shales and sandstones of the Kayenta formation would have been passed
unnoticed. If this assumption is correct, it seems likely that the top of
the Kayenta formation probably is not far below the bottom of the well,

It is postnlated that the relatively impermeable shales at the top of the
Kayenta fornation retard percolation of grouund water frou the NHavajo sand-
gtone into the underlying beds. Under these conditions, it is believed that
in the Shonto area ground water within a practicable drilling distance is
confined principally to the lower part of the Navajo sandstone.

The quality of ground water in this ares is indicated by the first
three analyses in table 3., The water from eprings in Shonto Wash iseunes
from the Navajo sandstone and would be satisfactory for domestic use,
although it ig hard, WVater from well 24~13, probably alse from the Navajo
sandstone, is lower in dissolved solids and softer than water from the
springs, Vater from the dug well at Shonto ie obfained in alluvium which
is recharged in part by the epring flow from the Navajo sandstone. The
water from this well, however, is lower in dissolved selids and hardness
than wvater from the springs, indicating that the alluvium may be recharged
in part by flood waters in the wash. Water obtained from the Navajo gand-
stone at the site for the nrovosed well probably will be of satisfactory
quality.

The present investigation leads the writers to believe that the
geologic conditions that occur in the vieinity of the well at Inseription
House, also exist at the well site 4 miles southeast. A well drilled to a
depth of 700 to 900 feet at this site should produce sufficlent water %o

warrant the installation of a windmill,




Site 4

The fourth site investigated is at the foot of the southeastern slope
of Shonto Plateam, in Klethla Valley. The site is about 13 miles northeast
of Cow Springs, and about 1} miles west of Regervation Highway j’zdou the
road to Betatakin., The altitude at the well site is approximately 6,300
feet.

The Navajo sandstone erops out over most of Shonto Platean. The forma-

tion dips approximately 7°E. into Klethla Valley and disappears beneath
alluviun, BNastward, the dip of the beds overlying the Navajo sandstone

decreased to 5 degrees,

It is expected that a well drilled at this site would enter the Navajo
sandgtone near the top of the formation, after passing through 10 to 15 feet
of dune sand. The thickness of the Navajo sandstone in the area is estimated
to be between 600 and 800 feet, on the basis of exposures in Laguna Canyon
about 10 miles to the north. A thin tut apparently persistent bed of lime-
stone was observed weat of the well site, about 150 to 200 feet below the
top of the Navajo sandstone. If this limestone contimues eastward, it may
act as a confining bed and camse ground water in the lower part of the sand-
stone to be under artesian pressure. No wells have been drilled in the
vicinity of site B, Mnality of water in the Navajo sandstone in this area
is expected to be similar to that of water in the vieinity of site 3.

iIf a well ig drilled at site 4, it is considered advisable to drill %o
the base of the Navajo sandstone in order to assure maximum production,

The base of the Navajo sandstone is estimated to lie at a depth of 600 to

800 feet.
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Site 5 is located on the east side of Kaibito Plateau, about 6 miles
north of Red Lake (see fig. 1). The area can be reached by wagon trail from
Red Lake or from the Red Lake-Navajo Mountain road. The altitude at the site
is about 5,600 feet. Vegetation-covered sand dunes occupy most of the area.

The oldest formation exposed in the area is the Navajo sandstone, which
crops out along the western margin., This sandstone ie estimated to be 500 to
600 feet thick at the well site. The Navajo sandstone is overlain by approxi-
nately 200 feet of pink sandy shales and thin gray sandstone of the Carmel
formation. An estimated 200 to 250 feet of the fine-grained, massive
Entrada sandstone, the upper formation of the Jurassic San Rafael group,
overlies the Carmel formation. Only the lower part of the Morrison formation,
which overlies the Entrada sandstone, is present in the area. The formation
is exposed at Red Lake. WNorthward, the formation has been thinned by erosionm,
and only a few feet of basal sandstone and shale may underlie the sand dunes

at the well site.
A well drilled at the proposed site is expected to penetrate the follow-

ing stratigraphic sequence:

Thickness Depth to base
Aluvium (dune sand) 15-20 15-20
Morrison formation D=50 15-70
Entrada sandstone 200-250 215=320
Carmel formation 200=-250 41 5-570
Navajo sandstone 500-600 915-1,170

The dip of the beds at the well site is about 1°3¥., Within 5 miles
southward, the dip of the strata reverses and steepens to 16°NE, West of

the well site, dips ranging from 6° to 15°E. were measured. The direction
and the distribution of dips indicate that the well site is on the gently

dipping northeast limd of a southeast-plunging syncline.




The only existing wells in the area are three wells that have been dug
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in the alluvium at Red Lake. The sapply of water available from the dune
sand at the well site is considered negligible.

The Morrison formation is very thin or absent and the hydrologic pro-
perties of the lower unit are not favorable. The massive Entrada sandstone
has favorable water-bearing properties, large storage capacity, and an
extensive recharge area. The preponderance of relatively impermeable shales
in the Carmel formation limit its water-bearing capacity. The fomation is
not considered an important agquifer in the area. The Navajo sandstone has
excellent hydrologic properties, is strongly jointed where exposed, and has
a large recharge area.

It is concluded that only the Entrada and the deeper-lying Navajo sand-
stones are likely to yield water in sufficient quantities to warrant drilling
a well,

As a result of stratigraphic and structural studies it ig believed, that
to obtain a maximum supply of water at the site chosen, the well should be
drilled a few feet below the base of the Navajo sandstone into the underlying
shales of the Kayenta formation. The base of the Navajo sandstone should be
reached at a depth of 900 to 1,200 feet. A guantity of water eufficient to
meet the exvected demand should, however, be obtained at a depth of 900 feet.

It is anticipated that water encountered in the Navajo sandstone will De

under artesian pressure,

Little is known of the quality of ground water in the Entrada and
Navajo sandstones in this area. However, water obtained from the Navajo
sandstone on the Kaibito Plateau is almost universally suitable for domestie
use. There is no reason to believe that water from the Entrada sandstone

will not also be satisfactory.
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Site 6
Well site number 6 is located at the Tuba City coal mine, about 13

miles southeast of Tuba City and about half a mile north of Reservation
Highway 3. The Coal Mine is on the Moenkopi Platean at the rim of Coal
Mine Canyon. The altitude at the mine is approximately 5,900 feet. The
terrain in the vieinity of the mine is gently rolling. Drainage ie north-
east.

On the Moencopi Plateau, the regional dip is gentle and generally to
the east, However, in the vicinity of the Coal Mine local flexing of
strata has resulted in a shallow syncline with a northwest-trending axis.
The Tuba Coal Mine and the site of the proposed well, are located on the
southwest 1imb of the syneline.

Coal Mine Canyon is cut about 400 feet into vari-colored Jurassic
sandstones of the Morrison formation and the underlying San Rafael group.
At the Coal Mine, the Morrison fommation is disconfomably overlain by
about 30 feet of alternating shale and coal beds which are assigned to the
base of the Cretaceous Mancos shale. The Dakota (1) sandstone, which
elgevhere underlies the Mancos shale, has not been recognized at the Coal
Mine.

The absence of outerops of strata underlying the Carmel formation,
the lower member of the San Rafael group, makes it difficult to prediet
the prospects of obtaining ground water from the underlying bede.

As a result of studies along the western margin of the Moencopi
Plateau it is believed that Y00 to H00 feet of rocks of the San Rafael and
upper C¢len Canyon groups underlie the Morrison formation. Under favorable
geologic conditions, the fntrada and Navajo sandstones are good aquifers,
especially the Navajo sandstone. However, Moenkopl Wash, which dissects

those sandstones east of Tuba City, undoubtedly draines much of the water
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that pergolates into them.

Three wells, ranging in depth from 358 to 752 feet, were successfully
completed within a few miles south and west of the Coal Mine in 1935 and 1936
(wells 34-27, 3A-149, and 34-28, tables 1, 2, and 3). The depth to water im
the three wells was increasingly greater northward, ranging from 150 to 490
feet. The nearest well (34-27), located about 4 miles west-southyest of the
Coal Mine, is 564 feet deep and emcountered water at Y90 feet. Production
was recorded as 20 gallong per mimate., No recent testes have been made, con-
sequently present production is unknown, It i¢ believed that geologic condi-
tions at the Coal Mine are similar to those at well 3A-27, and that a well
drilled at the proposed site would be equally productive. It 1is impossidle
to predict exactly at what depth water would be encountered at the Coal Hine,
at it is not to be expected at a depth of less than 500 feet.

An analysis of a water sample from well 3A-149, about 6 miles southwest
of the well site, indicates that ground water in the Jurassie rocks in this
region is of suitable quality for domestic and steock use.

Conclusions

Geologic conditiong at sites 1 and 2 are considered unfavorable, and
drilling is not recommended at these localities. There is a reasonably good
possibility of developing water supplies of sultable quality for domestic

use at the remaining four sites.
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Table 1.~-Records of voli: in western part of Navajo Indian Reservation,
Coconino and Navajo Counties, Arizona
(A11 wells are drilled unless otherwise noted in "Remarks" eolumn.) .
Navajo |Loeation |Owner Driller |[Date |Altitude | Depth | Diameter
Service |(miles from comple~|above of of
Well no. | nearest ted sea level| well well
proposed (feet) | (feet) (in.)
well site)
Site lv
14-125 ~22 Favajo Service| Pred Bentley | 1936 6,200 | 1,268 -
14150 2 ¥ d0. Art Willlams | 1936 - 1,520 e
TA-151 29 oV 0. ET 1538 ps 820 -
a/ Site
2A-13 T uv da. 0. M. Carroll 1935 = 620 6-518
i/ - 5 N do. - - - 20| 9%
| Site b
| 3427 ks« g . G. M. Carsol] 1935| 5,82| 64|  65/g
717 55 3. 2. 1935 S N R
328 10 v a. do. 1635]  5.050| 358 6-5]8
af Measuring point was top of casing.
b/ G, eylinder; ¥, winamill; @, gasoline.
¢/ ¥, not used; D, domestic; S, stock; P, public supsly.
d/ See table 3 for waler analysis.
e/ Water level reported at time of drilling; cannot be measured withont removing

R,
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Records obtained from Water-Supply Office, Wavajo Service,

Water level

Navajo | Depth Date Purp [Usge Remarks
Service | below of and |of
Well no.| measur- [measure- power water
ing point ment | e
(feet) a/
14-125 - - |Yone |¥ Dry hole. Located 73 miles south of lat. 36°
g W50, 9 miles west of long. 111015, See %g,,
14-150 - - |Hone|N Dry hole. Located 3 miles south of lat.
U5, 133 miles west of long. 111°15¢, 80; ég‘,
14-151 - - None | K Dry hole. Located & miles south of lat.
45t , 2 miles west of long. 111°30'. See log.
2A-173 550 e/ |¢c,¥ | DS At Inseription Homse. Reported yield, 10 gal-
lons mimt See log.
- 6.8 |Oet, 11/ C,6 | P,S At Shonto. Dug well in alluvial fi11 of Shonte
1949 Wash, Tlow of wash is perennial; derived from
upstre: inge igsuing from Navaio san
3A-27 190 ef |oW ]S Loeated } mile south of lat. 36°00', 5-3/% miles
west of long. 111°00'. Reported yield, 20 gal-
. lons per minute. See log,
3A-149 4g5 e/ | CYi S Located 3: miles south of lat. 36°00', W-3/%
miles west of long. 111%00'. Revorted yleld,
20 gallons per minute, See log,
A28 150 e/ | C¥W]| 8 Located 61 miles south of lat, 36°00', &1 miles
west of long. 111°00'. Reported yield, 20 gal=-
long per mimute. See log.
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’ Table 2,-Driller"s logs of wells in western part of Navajo Indian
HReservation, Coconino -and Navajo Counties, Ariz.
Thickness Depth Thickness| Denth
(fg;t) (feet) (feet) |(feet)
Driller's log of well g5 Driller's log of well 13-1_5_-355.
Surface sand - - - - 5 || Bed shale = = « = = = 1,190
Hard tuff-colored sand- Hard red sandstone - 38 1,228
ghong = = = - - - - 163 168 || Sandy red shale = - = 22 |1,2%
Pink sandstone - - = 107 275 Hed shale = = = = = = 8 1,258
Darkepink sandstone 105 3080 Led sandstone = - - = 20 1,278
Buff-colored sandstone 24 4 | TOPAL DEPTH - -~ - - - 1,278
Soft red sandstone = up TS
Hard red sandstone - 3;7 hgz Driller's log of well 1&-139.
Soft red sandstone - ) 523 || Blow sand = = = = = - ¢ 24
Sandy red shale - - 12 535 Coarse-grained white
Pink sanistone - - - 6 5l SONd = = = = = = = = 151 175
Soft, coarge-grained Coarse-grained lidat-
red sandstone - - - 4y 590 red sand = = = = = 105 280
Red ghale = « = = = 5 595 || Light-red sandstone = 35 315
Sharp-grained pink Derk-red sandstone - 35 350
gandstong - ~ = - - 13 608 !l Red sandstone - - - = 80 430
Sandy red shale - = 2 6 Light-red sandstone - 180 610
Red sandstone - = - 15 645 || Yellow sandstone = - %0 700
Buff-ecolored sandstone 5 650 || Coarse-grained red
‘ Pink sandstone -« = = 25 675 sandsgtong = = = = « 75 775
Pink sandy limestone 5 680 | Hard red esandstone = 104 279
Sandy, light-red shale 15 695 || Hard limestone - - - 12 801
Hard shale = = = = = 3 698 || Light-red sandstone - 59 950
Sandy red shale = - 55 753 || Hard red limestone - 10 960
Red sandstone = = = 22 775 Sandy red shale - - = 95 1,055
Puffecolored sandstone 15 790 || Pink sandstone - -~ - L5 1,100
Coarge-grained brown el sandstone = - - = 80 1.190
sandstone « ~ = = = 5 795 || Soft, sandy red shale 70 1,260
Pink sandstone = = - 30 825 || Sandy red shale - - = g 1,301
Ped sandstone - - = 20 ghs Sandy pink shale = =~ 119 1,420
Buff-colored sandstone 20 865 || TOTAL DIPTH - = - = = 1.1‘20
Pink gaondstone -« -« - 5 £70
Saady Yel-shale- -~ 81 | 051 | Driller's log of vell li-
Sandy pink ghale - - 3 985 || Blow sand - = = ~ = b
Fine-grained red sand 20 {1,005 || %ed sandstone - = - = 3% ko
Sandy red shele = = 15 {1,020 Yellow or tan-colored
Coarse~graoined red sand- sandstone - - - = - 127 167
AEONE = % = - == 55 1,075 Soft yellow sandstone 50 27
Sof%, light-red sand- Soft gray sandstone = 213 k30
AP b - & - - 17 |1,092 Yellow or tan-colored
Sandy red shale - - g {1,100 sandstone - = = - ~ 145 575
Pink sondetons - - = 27 (1,127 Gray sandstone - - « 195 770
Hed sandy limestone 19 1,14 Soft, caving gray sand- :
Pink sandstone - - - e 11,155 SRONY » = » ainie - 50 820
@ edsnate ----- 20 (1,175 || TOTAL DEPEH - - - - ~ 820
5 "hite sandstone -~ = 10 11,185




Table 2.-Driller's logs of wells in western part of Navajo Indian

’ Reservation, Coconino and Navajo Counties, Ariz.-Cont,
Thickness Depth
(feet) (feet)
Driller's log of well 24-13.
Red sand = = = = = = = 5 35
Yellow gand - = = - - 5 100
Hard yellow sand - - - 323 135
Yellow sand = = = = = 495
Red sand = = = = = = = 65 560
Red water sand - - - - 60 620
TOTAL DEPTH - = = = - 620
Driller's log of well 3A-27.
Surface sand - = - - = 15 15
White sand, water at
Y90 feet - - = - - = 549 564
TOTAL DEPTE - = « = - 564
Driller's log of v-__&
Surface s0il - = = = = 5
Eed sand = = = = = = = 15 20
Yellow sand = =~ = = = 52 T2
Vhite sand = = = = = = 103 175
’ Brown sand - = = = = - 60 235
White gand = = = = = = 105 3
Yellow sand = = = = = 50 390
White sand = - = « = = 180 570
Gray sand = = = = = = 125 695
White water sand - - - 37 732
Hard gray sand - - - - 20 752
TOTAL DEPTH « = - - - 752
Driller's log of well %é.
White sand = = = - -~ = 60
Red sand = = = = = = = u5 105
Vhite sand, water - - 250 355
Red shale = = = = = = 3 f 358
TO!AL mn ----- ’ 3%
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Table 3.-Analyses of water samples from western part of
Navajo Indian Reservation, Coconino and Favajo Counties, Arizona,
Anaglyses by Geological Survey. Parts per million except
specific conductance.

Well mo. 2413 -a/ -b/ 34-149
Date sampled Mar. 21, 1950 Oet. 11, 1949  Mar. 20, 1950 Sept. 28, 1949
Temperature, degrees F. 62 52 54 61
Specific conductance,
micromhos @ 25°C. 293 317 501 522
Silica (5102) 1 18 27 12
Caleium (Ca) u5 4y 59 29
Magnesium (Mg) 8.8 7.6 23 10
Sodium and potassium

(Na4K) hz.a 9.9 17 12
Bicarbonate (HCO3) 1 146 294 160
Sulfate (SO4) 11 14 17 121
Chloride (C1) 9 1k 14 8
Fluoride (¥) .0 .0 R 5
Nitrate (NO3) 15 11 . %
Digsolved solids 178 120 303 332
Hardness as CaCly 148 1 242 114

a/ Dug well at Shonto.
b/ Shonto Wash, at Shonto. Discharge, 50 gallons per mimute; combined flow
of several springs that issue from Navajo sandstone.
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FIGURE |.— MAP OF NAVAJO INDIAN RESERVATION, SHOWING LOCATIONS OF WELL SITES.
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