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GEOHYDROLOGIC DATA IN THE NAVAJO AND HOPI INDIAN RESERVATIONS, ARIZONA, NEW MEXICO, AND UTAH

. PART II.
SELECTED CHEMICAL ANALYSES OF THE GROUND WATER

By L. R. Kister and J. L. Hatchett

Introduetion

The geohydrologic date in this report cousist of mformatlon about the chemical quality of the
ground water in the Navajo a.nd Hopl Indian Reservations in northeastern Arizona, northwestern New
Mexico, and southeastern Utah (fig. 1). Chemlcal analyses were made of water from more than half

of the 2, 338 drilled wells, dug wells, and sprmgs inventoried in the area before 1957,

compiled to provide information about the chemical quality of the ground water from1, 272 selected wella

and springs, which will supplement the information contained m the forthcoming comprehenswe report
on’ the. ground-water resource_s and geology of the reéservations. The comprehenswe report is to be

published as a U.S. Geological Survey Professional Psper. .

Purpose, Scope, and Organization of the Report

In 1946 the U S. Geological Survey was. agked by the Bureau of Indian Affairs to make a series :

of hydrologic investigations to help . allevmte the water shortage at several. l\ ocalities, - Later, in 1950
the U.S. Geological Survey in cooperation with the Bureau of Indian Affairs began a comprehensive
mvesngatlon of the geology and ground-water resources of the Navajo and Hopi Indian Reservations,
whxch occupy parts of northeastern Anzona, northwestern New Mexico, and southeaatern Utah (t'ig. 1).
The principal objectives of the mvestigation were as follows: (1) To determme the feasibility of devel-
oplng ground -water supplies for stock domestu:, msntutlonal and industrial use in particular areas
‘and at several- hundred well 51tes scattered throughout the reservations and in adjoining areas owned
by the Nava;o Tribe; (2) to compile an mventory of the existlng ground-water supplies, {3) to make a
comprehensive investigation of the geology and determine the hydrogeologic factors.that control the
occurrence and movement of ground water; a.nd (4) to appraise the water 'potential for tuture
development . ) )
" The basic geohydrologic."da.ta of the Nnvajo and Hopi Indian Reeeweﬁons are reproduced sepa-
" rately in sections as Parts I, I, II, and IV of Arizona State Land Department Water Resources Report
No.

12, Partl con_tain_s abcom’pilation of the records of drilled wells, dug weils, and springs that were

inventoried before‘ 1957. Part II (this report) is a compilation of selected chemical analyses from the
wells and springs that were sampled. . Part IIl contains selected drillers’ logs, litholog-le logs, and
strétigraphie sections. Part IV consists only of maps of the reservations showing the locations of the

wells and gprings listed in Parts I, II, and I lnformstion about other wells that were drilled after

the completion of this study is available in the open files of the Geological Survey Ground Water Branch -

-offices in Tucson and Holbrook, Arizona,

T'he'dstn were 'visors', and P.- E Dennis, present district supervisor, of the Ground Water Branch.in Arizona. -

‘ 'typed by Mrs. Ruth Blubaugh and Mrs. Carol Jenkins.

Personnel

_‘The'collection. . éompilation, and analysis of the c}ata contained in this report were under|

the general supervi_si‘on of A;N. Seyre, former chief, and O. M. Hackett, present chief, of the Ground% '

Water Branch; and S. F. Turher, L. C. Halpenny, and J. W. Harshbarger, former district super-gl ‘

The'

collection of the data was begun under the direct supemsion of Mr, Halpenny and was- contmued byt

Mr. Harshbarger. ' ’ . . o . . ‘_‘

Substantial contributions; including field inventory of the water developments, collection of/

water gsamples for ehemical analysis, laboratory analysis of the samples, and geoclogical correlat'ions,‘

were made by other personnel of the Navajo Project and the U.S. Geological Survey Quality of Water' }

Branch, Albuquerque, New Mexico, The chemical anal.yses were done by A. M, Diaz, J_ L. Hatchettl ;

E. F. Williams, I. M. Gutierrez, J. P, Bevera-ge, endH E. Koester, under the direct supervision
ot J. D Hem a.nd J M. Stow, former and present district chemists respectively. of the Albuquerque
dietrict of the Quality of Water Branch The water sariples taken for chemical analysis were col.
lected principally by J. P.r Akers J. T. Callahan, G, E. Davis,

S. E. Galloway, E. L. Gillespie;"

H A, Whitkmd W.F. Hardt, J. H Irwin, C. A. Repenning, P. R. Stevens, andM E Cooley." - The

geologicel correlations were made by J. P. Akers and M. E, Cooley. The chemical a.nalyses wer

Acknowled gments, .

The Geological Survey is. grateful for the 'asslstance, cooperation, and. information given by the

late J J. Schwartz, former head of the Bureau o[ Indian A

Navajo India.ns, by M. H. Miller, ] Bureau of Indian Affairs eng'lneer, by Buster Kingsley, Bureau qf

India.n Affairs supervxsor of the Hopi lndians, and by other personnel of the’ Bureau of Indlan Affau-s )

and the ‘Navajo and Hopi Indian Tribes connected with' the well-development program The hydrologlc

lnformntion given the Geological Survey by the El Paso Natural Gas Co and various religious mxsu

. gions and trading posts is greatly apprecmted Acknowledgment is due the many water-well drdlerf

who conscientiously collected water samples during the drilling of new wells. R N |

Land-Net System and 'Location'of Wells and Springs

The Navajo and Hopi Indian Reservations are in the south-central section of the Colorado

Plateau. The Navajo Indian Reservation occupies parts of Apache, Navajo, and Coconino Counties iln‘
|
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northeastern Arizona, San Juan and McKinley Counties in northwestern New Mexico, and San Juan
-éounty in southeastern Utah (fig. 1). The Hopi Indian Reservation is within the central part of the
Navajo Indién Reservation in Arizona. The reservations comprise an area of about 25,000 square
miles, which is about three times the size of the State of New Jersey. )

The Navajo Indian Reservation is divided into 17 ad@strative districts, nux'x;bered 1to 5 and
7t018, and the Hopi Indian Reservation comprises district 6(fig.1). District 19is east of the reservation
boundary in New Mexico. The reservations and adjoining area were not mapped in detail at the time of
study, but 15-minute planimetric maps of the area had been made from aerial photogréphs. These
maps were used for the geologic and hydrologic base maps and are arbitrarily'numbered from 1to 151,
starting in the upper-right corner of the area and nunibering consecutively in rows from right to left.

The types of ground-wa-ter developments sampled for chemical analysis are principally drilled
wells, dug wells, and springs., The type of development and specific location of each are listed only

..in' Part I, “'Records of Ground-Water Supp].ies'. " "I‘he wells and springs are arranged in the numerical
order of the 18 administrative districts of the Bureau of Indian Affairs and in accordance with the 15-
minute quadrangles withiﬂ each disfrfct. No data are included in this report from district 19, which ié

‘outside the reservation boundary in New Mexico.

. 'Quality of the Ground Water

The chemical con;lposition of patural ground water is influenced by itas geologic environment,
and tﬁis relationship between the !ormation and the chemical composition of its contained witer was
"used by personnel as an aid in identifying strata yielding water to a particular well, The ground water
'in most of the area is classified as fair to poor and ranges from 500 to 2, 000 ppm (parts per million)
in dissolved-solids content. Locally, the ground water contains more than 4, 000 ppra diséolved solids,

‘but in other areas some water of excellent quality contains less than 250 ppm,

The water-bearing strata ar:e referred to by their standard geologic names and are divided into
formations and members. _Some aquifers consist of combinations oé formations and /‘or members.
Figure 2 lists the stratigraphic names of the rocks that yield water to wells and springs in the Navajo

:and Hopi Indian Reservations. 7 )

» There are quality differences from one férmatlon to another and al'spt"‘jwithi.n the‘ same forma-
tion. For example, in some places water from the Cocoﬁino Sandstone ig too highly mineralized for
use. In other places, especially in r;charge areas, water of excellent quality is available from the
Coconino, 'In general, the great variation in the quality of the water tror.‘n _thé several formations in

. the Navajo country is caused by the lithologic differences of the rocks, linterformational movement be-
éwee.n the water—beafing units, and ion exchange along the directién of ground-water movement.

The principal aquifer or aquifers that yield ground water to a development are shown in the
"Rgmarks" column., The depths-at which samples of water were taken of stratigraphic units other
than the principal aquifer also are shown in this column. Samples obtained during the final bailing or
pumping test of the well are indicated by the symbol *'D, ** and those obtained before the well had been
drilled to its total depth are indicated by the symboln“ID. '* Samples collected from a storage tank at

the well are indicated by *'T,"’

. feldspar and other minerals. . Most of the silica in ordinary water is probably colloidal and does no‘\‘.

Expression of Results

The chemical analyses list the mineral constituents of the water in parts per million, - PartJ

per million is the measure of the weight of one part of dissolved substance in one million parts o

solution; 1 milligram of solute.in 1 kilogram of solution. Perhaps some people may be more familia g
with data e'xpresseg:l in percentage values, which is the same as parts per hundred, However, the use;‘
of percentage values for water analyses involves cumbersome decimals. To convert parts per milliorl
to percentage valu.es, multiply parts per million by 10-% or 0.0001. One percent is equivalent t
10,000 ppm. Hardness is vot"ten expressed as grains per U.S. gallon. To convert, muitiply parts per’
million hardness by 0.0584. - ‘ |
Some techniques of interpretation z"equire: that chemical data be expressed in equivalents pel.:‘ ;
million. Equivalents per million is a unit for expressing the concentration of chemical constituents ui
termg of the interreacting values of the electrically charged particles, or ioms, in solutidn. 'Oné
equivalent per million of a positively charged ion will react with one equivalent per million of a negay
tively charged ion. Parts per milﬁon is convt_arted to equivalent_s“”per million by multiplyiné by thé“z

reciprdcal of the combining weight of the ion as shown below.

Cations Factor Anions Factor
Caletum (Ca*)....... 0.04990 Carbonate (cda--> vee... 0.03333
Magnesium (Mg+H.... ..08226 Bics.rbo_:nate (HCO3™). ... .01639
Sodium (Nat)......... .04350 Sulfate (504--5 U . 02082
Potassium (K*)....... .02557 Chloride (C17).......... .02821 . ‘w
Fluoride (F*) ......... . .05264 ‘7
. Nitrate (NOg~) ......... 01613 ‘

Source and Significance of Chemical Constituents in Water

Pure water probably does not occur_naturélly arid the chemical composition of natural water i§

variable. Even the purest form——rainwater—contains dissolved gases and small amounts of sodiurm,

chloride, and sulfate ions. The presence of dissolved gases, mainly carbon dioxide, helps the water j |
to extract soluble material from rocks and unconsclidated deposits. The source and significance of ]‘
. H

the common minerals in ground water in the Navajo and Hopi Indian Reservations are discussed in the

following paragraphs.

"Silica (Si0O2), - - Silicon is found as gilica in quértz, chert, and chalcedony or as silicatgs il‘l
affect the ionic balance in a water analysis, However, at[ hiéh pH the silica may be present in th}e
ionized state as calcium silicate, Colloidal silica is a good carrier of other material that may pre;— .
cipitate from solution, Waters high in silica form an exceedingly hard scale on porcelain fixtu‘res;,
boilers, or other surfaces with which they may come in contact. The ground water of the resewation‘%
c.ommonlly has more than 15 ppm of silica ahd the maximum amount analyzed was 63 ppm, High silic?
content seems to be concentrated in water obtained from the alluvium, Chuska Sandstone, Bidahoch.%i :

Formation, and volcanic rocks.




parts per million. Upon exposure to air, the iron in wa‘ter may oxidize and settle out as insoluble

ferr:.c hydrox.\de. Excessive amounts of iron cause an ob]ectxonable taste in water and will stain por-

‘celam fxxtures and fabrics washed in the water. Iron was recorded in only a few of the chemical anal-

‘yses and it'is listed in the column entitled ‘'Remarks. "

j : Caleium (Ca) and magnesium (Mg).--Calcium is present in all ground and surface waters of the

reservatlons and’ 1s commonly the major f:atxon present. Weathered Luneatone, dolomite, and rocks

| cemented by calcium carbonate yield calcmm to water, The principal migerals of' sedimentary rocks

that yxeld calcium to ground water are gypsum (CaSO4+2H20). calcite (CaCOa). and dolomite
{CaMg(CO2)9). }
v . Magnesium is abundant in the carbonate rock3 (dolomite) and is a typical constituent of some of
the silicate minerals, such as olivine, p.yroxenes, and micas, which are present as accessory miner-‘
als in sedimentary and volcanic rockev of the area. vMag’nesium uenally is'preeem in water in emeller
amounts than ¢alcium, but once in solution magnesium does not precipitate as readily as calcium,

The solubility of both calcium and magnesium is increased by the presence of carbon dioxide in

the water.

Sodium (Na) and potassium (K). -- All natural watere contain sodium and potassium, which are

. derived primarily from the weathering of feldspars and evaporites or secondarily from ion-exchange

‘\ reactions, between water and clay materials as ground water moves through sedimentary rocks, If

}' | . large amounts ot‘both ions are dissolved in the water, sodium will norma.lly be present in much greater

| quantities than potassium, Sodxum and potass:.um go easily into solution, but potagsium is soon ad-

Y sorbeé by clays or used in the tormation of ml.cahke minerals, High percentages of sodium’ g'l.ve the
‘ water the property of softness, which is desirable for domeetzc supplies but undesxrable for irrigation
" ‘waters. Generally, in this report sodium and potaasmm are computed as sodium except for those

“ ) enalyses that indicate a significant amount of potassium,

Bicarbonate (HCO3) and carborate (CO3). - -Bicarbonate is the principal negative ion (anion)

|
present in the ground water of the reservations. Ground waters that are in contact only with granitic

rocks usually contain less than 50 ppm of bicarbonate, whereas the waters in contact with carbonate

rocks or calcareous material of sedimentary rocks contain as much as 1,900 ppm.

Carbonate is present in relatively few natural waters. Theoretically, carnonate may be pres-
1 :.ent only in wa'I:er with a pH of more than 8, 2. -
_ that have been treated with lime also contain carbonate. )
) Alkah'n:'u:?v in water is c:ansed primarily by the‘presence of -bicarbenates and carbonates. al-
rf_\ou'gh other ions may also cause alkalinity. The property of nlkalinity in water is its abili’gy to neu-

" tralize acid.

i . als and. it is freed also by the weéthering of minerals containing sulfate.. Sulfate saits of calcium and

| Iron (Fe). --Iron is available from practically all rocks and ground water may contain several ) irrigation water is desirable because of the favorable reactions with the soil.

chioride-ion content. However, mag

Some ground waters contain carbonate and some waters -

Sulfate (SO4). --The sulfate ion is nroduced by oxidation during the weathering of sulfide miner- - ‘

' ‘magnesium cause the formation of hard scale in boilers: The presence of calcium sulfate (gypsum) in .

In fact, gypsum is often

- added to irrigation water or soil to prevent formation of ‘‘black alkali’’ or to reclaim alkali lands.

Large concentrations of the sulfate ion can be tolerated by stock, unless it is accompanied by a large

ium sulfate (ep salts) is objectionable in public supplies

- because of the laxative effect. The sulfate ion is the principal comtaminating agent' of water in the

»

area.

Chloride (Cl).--Chloride is present in all natural water and is the most abundant of the halogen
group of elements. Sedi_mentary rocks, especially those containing evaporite minerals, are an injport"
tant source of chloride, which also occurs as the predominant ion in sea water. Chloride, therefore,
may be found in poroue rocks inuntiated by the sea. Within the Coconino Sandstone and sandstone
;e;nters of the Mesay{erde Group, contamination by chloride occurs from intraformational leakage
and :by' qnwvndin movenient of »theg'round water within an aquifer. Sodium is usmally associated with

large concentrations of chloride in water. Concentrations of more than 200 to 300 ppm of chloride

impart a salty taste to the water,

Fluonde (F) --Fluoride is second to chloride as the most -abundant of all the halogens and is
usually present in igneous rocks as fluorite. Fluonte is resxsta.nt to weathermg, but its solubility in-
creases in the presence of carbon dioxide. Fl.uonde is present in evapontes, in clay and common soil
m.merals and in volcamc rocks Excesswe cancentrauons of ﬂnorxde in drmkmg water are undesir-
able. According to the California State Water Pollution Control Board, water containing less than 0.9
to 1.0 ppm of ﬂuonde gseldom will cause mottled epamel in children and concentrat).ons of less than 3
or 4 ppm are not hkely to cause endemic cumnulative fluorosis and skeletal effects in adults. Much ot‘ ’
the ground water in the reservations has more than 1.0 ppm of fluoride and the maximum reported:

was 12 ppm. .

Nitrate (NO3). -- Nitrogen in ground water and surface water comes from weathering of rocks?
and decay and oxidation of organic material.’ Nitrate nitrogen is the final oxidation product caused by

the reacﬁon of bacteria 'm the decay of plants and animals. Nitrate in the water from shallow dug

" wells is mairly of orgamc origin, The occurrence of nitrate in abundance in evapontes is rare."

Large amounts of nitrate in drmlnng water may cause methemoglobmenua in infants (blue babies). It:

is recomme_nded that waters containing more than 10 to 20 ppm of nitrate, expressed as nitrogen,

should not be used for infant feeding (Comly, 1945). The presence of nitrate also may be an in&icatiqn

of pollution by sewage or other organic decomposition. Ordinarily, ground water from deep aquifers

does not contain more than a few par’is per million of nitrate. .

] Boron {B).-- Boron occurs in igneous rocks and in sedimentary rocks as borates im marine
evaporites, evaporxtes in closed basins, and evaporites connected with volcanic activity. ‘Marme
evaporites contain chiefly magnesium borates, whereas boron in evaporites in closed basins occurs

as calcium borate. Volcanic sublimates contain boron as boric acid and various borates. Borom

' ‘was determined in only a few of the chemical analyses and it is listed in the column entitled:

"Remarks o




. Dissolived.solida,

té X

- a.lly contanm more d:ssolved' ohds than surface water. Part ot the tna!:en

parheularly troublesome property, and large sums of ] money are spent in. soﬁening wazers for dome,s-

nc - and industrial use. o

Percem sodmm.

a

catxons expr as a pc. e f ¥4

: lxon. Percent sodxum is calculated as followa-

- © Na#t
Percent sodmm—' s it x 100
a++K"'-f-Ca'H'+MgH'

" becomes relatively 1mpermeable.

- D.\ssolved solids xs the tota.l qu.annty al dxssolved mmeral ma.tter in the :
' tesidue onevaporation at IBO'C" are used synony- :

Ground wate.r umx-- ’

graund waters m the reservaﬁons have pH valnes that range from 6.6 to 9.5.
} _ ) . . “less; than T »0 are aczdxc
-The term “percent sodmm" is the ratio at sodmm in the ‘water tu the tota..lj. '

with a.u the jion. concemrauons expressed as. equivalents per nnl- X

In soxls hxgh concentrauons af sodium tend to replace calcnun and magne 'um from the’ m.meral and S

- orgamc complexes, w,hthe result that the physical propeme cf the oil are J.mpaxred and: zhe sml o Camly. H H.;. 19

Sodinm-adsorptxon ra.tio (SAR).—-SAR is a ra.tio fm- soil extracts and irrigation waters, used tof_ '

express the rela.tive activxty of sodi.um ions in exchange reactions with the soil.

(a.lka.l.x) hazatd o[ an irngﬂ.tian water.

SEgiﬁc cmdmtance. - The speciﬁc conducta:nce of water is a measure of its capacity to con-

: _duct an eleetric cnrrent = The conduetancemxes with the concentration of the ions in solution a.nd is

cdoanlid

are o(the dissc " f content of the wa.ter.

arougz

_gli.--'rhe hydrqgen—ion cmcenmnon of water ls expressed in pH uhits. The pH denotes whetb- .

:;ba.sic o‘r ac.xdu:. 'I'he pH of pure water 1s 7 0 and the pH of most natural waters varies

. from about 6.0 to sh@tly morethan 8.0 Ho\vcv‘er. except l’or one analysis wruch has a pH ot‘ 3 3 the

Waters thh pH ues

' .basic and mny form scales 1n pxpes'or ho:lers. N

) Lite,mtuzfé Cited 7

o Cﬂﬁérﬂg‘:wg'Wﬁte’r: Pol.hztmn Controi Boaid, 1952, . Watel*;quality criteria: California State Water| '

1945; Cy-annaxs in’infarty caused by"n‘itrat.es in well water:

v. 129

It is used as an 1ndex .

dt 'nd to- ‘be corrosive, whereas waters with pH values more than’ ’7 0 .are|,

Am. -Med. Assoc. Jour.,

[




Selected chemical analyses of the ground water in the Navajo and Hopi Indian Reservations, Arizona, New Mexico, and Utah—Continued

. Dissolved Hardness i
Bureau of ) ; . Specific
Indian Date Tem- Magne Bicar-| Car- Fluo-| Ni solids 29 CaC03 _[per- Sa(::(;f;;- cg:duc:'
g‘:?;ll; Aft;t:lxdr 8 of Remarks ':z;:' (Ssli'g “) Ca:g:;;xm sium s‘zcbl‘i:)m potaus{:;lum bonate | bonate S(\;l(f)at)e Ch(lgf)l de | Vide | trate| Parts Toer;s Calcium,| Non- [°®% | tion . ( .| PH
collection o 2 (Mg) (HCO3)| (CO3) 4 (F) }{NO3)} per P magne- | car- | 3°7 | ratio | \THCT
number (°F) 1lion[2T®~! sium |bonate dium (SAR) mhos at
or name - foot 25°C)
DISTRICT 2—Continued
2A-93 3/24/55 | Iron (Fe) total 57 12 38 19 12 1,5 165 0 23 18 0.1 18 223 | 0,30 173 38f 13 0.4 391 7.8
1.7; Wingate
(Lukachukai)
2T-316 8/18/54 | Wingate - === 11 28 14 37 180 0 17 19 1.2 15 231 .31 128 0] 38 1.4 403 | ===
(Lukachukai)
2A-107 9/ 3/53 | Navajo 60 | 15 28 11 2.1 127 0 6.8 5 .1 1.0 131 .18 115 11 4 .1 227 | ---
2A-108 7/22/54 | Wingate 62 21 24 8.9 6.2 102 0 8.0 5.5 .4 1.5 124 .17 88 51 13 .3 192 | ==~
{Lukachukai) : . ’
12K-300 4/23/53 | T; Navajo ———a ] 14 39 6.2 3.0 128 0 9.7 5.0 .2 | 8.4 148 | .20 L1231 18] 5 .1 252 | <o
2K-3dl 1/28/54 do, meaa |11 32 4,7 6.9 118 0 8.0 2 .2 1.5 130 .18 100 3| 13 .3 201 | -=-
2K-302 10/15/51 | D; Navajo, 56 12 48 8.3 .2 152 0 8.6 4 .4 7.8 162 .22 146 22 0 .0 270 | ~-=~
' Wingate ' ’
(Lukachukai)
2K-318 i0/ /54 | D; Navajo mmme |eeemeafeccanan | cmecee | aeemeea .—————— 161 0 fjm==-- -e- 8  jemee= 5,4 |-=acmai-amux 128 [ e 303 | ---
2K-320 3/15/56 | Navajo and 56 17 28 5.3 18 126 0 13 10 .2 2.7 157 .21 94 07 29 .8 250 | 8.2
Wingate .
(Lukachukai)
2T-304 9/18/51 Navajo 57 14 31 5.4 6.4 113 0 11 4 .2 4.6 133 .18 100 7 12 .3 219 | ---
Shonto 1 10/11/49 | Alluvium 52 18 44 7.8 9.9 146 W] 14 14 .0 11 190 .26 141 22§ 13 .4 317 | ===~
2A-40A 8/ 6/54 | Navajo 64 15 32 3.7 8.5 119 0 4,7 5.5 .2 3.3 132 .18 85 al 16 .4 209 | --~
24-41 8/ 6/54 do. 71 Jocmomn|amecmma] ccmae] cvameae emeaees 253 5 temmemaoal - J MU PR PN U [FRNRM EPpRpn S P 471 | ---
2C-~14 8/ 7/54 do, 10 8.7 28 1.2 4,1 84 0 6.0 2 .2 .5 20 .12 70 1 11 T 146 | ===
Shonto 2 3/20/50 do, 54 27 59 23 17 294 0 17 14 4 .9 303 .41 242 of 14 .5 301 -
41 [2A-13 3/20/50 | T; Navajo cmem | 14 45 8.8 3.2 1486 0 11 9 .0 15 178 .24 148 29 5 .1 299 | ===
2K-303 8/30/51 | D; Navajo --=-] 15 40 5.9 8.5 150 | 0 6.0 7 .2 4.4 161 .22 124 2] 13 .3 267 | -=-
9/ 3/54 | Navajo SN SN (RSUDRSY IOty (R . 150 | 0 femm-en-e- 8 femamn |mmman|emmamnfeanoa] ccmaman] ceaen S [S— 261- ==
5/23/52 do. a3 41 7.0 3.4 127 0 12 8 .1 ] 13 160 | .22 132 28] 5 .1 267 | ==~
5/18/55 { Iron (Fe) total 82 8.7 24 3.2 2.6 4.0 84 0 8.1 2.8 .1 3.8 96 .13 13 4 7 .1 162 8.2
0,.00; Navajo 3 S
7/27/54 | Navajo 75 | 21 66 14 17 272 0 21 6 1.0 | 2.8} 283 | .38 222 ol 14 .5 459 | ---
T N R — 76 | 15 68 18 16 307 0 9.3 10 .6 3.3 201 | .40 244 o| 13 .5 509 | ---
b
4/28/55 Landslide and 44 14 48 14 34 228 0 44 12 .5 .2 279 .38 178 ol 29 1.1 465 [ 7.5
talus
4/28/35 do. S B B Tl e 267 0 femmme—an 26 |a-=-- 2.1 femamnafeanan 112 L R B 685 | 7.6
4/28/55 do, 51 14‘ 48 12 65 242 0 72 24 .6 1.1 356 .48 170 0} 45 2.2 582 | 7.4,
8/11/54 Toreva T3 17 298 96 149 241 0 1, 200 '10 .6 .3[1,890 | 2,57 . 1,140 940( 22 1.9 2,250 | -==
4/28/55 | Landslide and 50 17 81 22 88 234 0 243 23 1.4 2.8] 593 .81 292 101 39 2.2 892 | 7.1
talus
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Bareau of " ’ Dn.snol\md erdnm ‘ Speciﬂc -
i - : ‘ solide as CaCO3 _|Sedium-
Indian Date . Tem. . Bicar-| Car- . | ,. ” T adaorp- conduct-
Alfairs o Remarks.  [Poro-|Silice [Calolumi® o " | . I nate | bomnge | SulBe | Cdoride. | o, Paets [E%8 oo | Ron- 1999 tion | 20CC
tield callection ! turs [{SIOp){ (Ca¥ ng) (M) LK} 12C0g) | (COyH| £90) {ClL &y A e por e | car- | 27| ratio (micro~
number ' °F) > i miltion 2Tl giim. | monatel®¥ Y (SAR) mhos at |-
or name : foot - * 25°C)
' ) DISTRICT 11-—Continued |
11Y-75 ) 7/*3[50 Chinle (Shinarumgp)] 64 | 13 0.8 3.1 80 196 0 18 6 0.2 0.4] 218f 0.30 14 ol 92 9.1 352
11Y-47 " 8/ 4/54 | Alluvium ’ 68 | 25 29 7.8 133 306 0 108 18 .61 4.8] 476 .65 104 of 74 5.1 745
11Y-80 “8f 4/54 do, 62 | 16 60 18 157 319 0 262 20 .6 .9 692 .94 224 0] 60 4.5 1,040
11Y-23¢ -~ [ -9/ 1/51 | ID, 445 feet; -—---{ 15 40 12 84 311 0 54 11 .4 .8 373 .51 150 0| 35 3.0 610
. . Chinte (lower '
: red)
9f24/51 | D; Chinle -] 10 10 1.5 140 343 0 59 11 .6 1.0 408| .55 36 0f 84 8.1 669
B (Shinarump), . .
. De Chelly -
Lukachukai 1/25/35 | T; Chinle -] 22 62 29 126 462 0 144 12 .6 .2l 623| .85 274 o} 50° 3.3 975
T.P. - (Shinarump)
Catholic 7/29/49 | Alluvium -1 SR R T L T - 500 0 Jecomana- 7 S R B e T [P PSR PR P 991
Mission '
11Y-3 8/27/54 .| Chuska 47 | 61 41 1.8 7.8 157 0 3.5 4.5] .2 .3} 200] .27 122 o} 12 .3 257
11Y-35 8/ 2/49 | Chinle (lower red) | 60 e 34 34 - 136 488 0 98 24 .4 .8 658 | .76 225 o| s7 3.9 919"
11Y-37 8/27/54 | Chuska R [EURVORSY [N R 140 0 lecama-mae 5.0 |mmmmn|mmeanianeen- RSN ST . JEUN (VISP 236
11Y-39 8/12/54 | Alluvium 62 | a1 65 24 123 469 0 87 30 .4 | 12 813 .83 260 ol 51 3.3 937
11Y-107- 8/19/54 | Chinle (Sonsela) 58 |45 83 . '3t ‘364 0" 23 30 .2 3,0] 417) .57 302 3| 18 .8 8735,
11K-237 s/ é/sa D; De Chelly -ae {10 ' 126 17 381 .0 204 7 2.0 N 5994 .81 504 192 7 .3 916
11K-239 9/10/54 " do. -e-]13 107 50 32 532 0 90 7 .6 .1f sea| .76 472 38| 13[- .6 921
. {11K-249 8/23/56 | De Chelly [ 7Y Pv— - 341 0 [ececmmea 7.0 famonmmfocans 558] 278 | eme |mcemaae 982
11T-235 9/ 4/51 | D; De Chelly 62 | 14 126 48 17 438 0 174 5 1.0, .2 60L} .82 512| 153 7 .3 956
11Y-58.: 8/25/54 | Chinle(Shinarump)} 61 ) 15 131 38. 35 382 0 - 220 11 .8 .2l 639} .87 483l 170 14 .7 945
11Y-69, 8/ 2/49 .| De Chelly ----] 18 40" 50 38 332 .0 917 9 .7 L1f 413} 56 306 34 21 .9 681
11Y-78 7/29/49 | T; Chinle ——— ———— 338 0 [roaeiaaa 12 femmmn|-am—afemcaan I . PR SR SRR 858
. (Shinarump),
De Chelly -
11Y-109 '8/ 2/49 | De Chelty B 121 39 28 348 0 216 8 .1 .6l 384 .79 462{ 1791 11} .6 894
11Y-56 8/25/54 | Alluvium . 64 —————- 342 [ N 310 fucean frasomfineans 735| 455 | = fom=--==] 1,880
11Y-41  8/26/54 do. 65 | 63 18 12 . 540 1,000 [ 49 278 52° [ 1.2 .4f 1,818 2,08 ol of s3p 24 2,210
11Y-55. 10/ 7/s50 Chinle (Shinarump){ 56 | 16 304 587 871 434 0.} 4 110 304 .8 1.7 ’e,no." ®.72{ 3,170|2,820| 371" 6.7 . 6,950
(11Y-72 8/25/54 | De Chelly [ J [m—— 139 42 | e oo —a—- 348 0 10 | meemceec taeees B e T SR s20f 234 | -—- 1,010
11Y-85 8/26/54 | Chinle (Sonsela) 62 | 19 9.9 3.6 342 740 0 127 31 .4 .5} ser) 1,72} 40. of 951 2 1, 390
11Y-74 8/ 5/54 | Chinle (Petrified | 68 15 6.4 1.7 310 512 o 127 100 1.0 3.7t 817} .11 23] of o7} 28 1,320
. Forest, upper) |~ ’ '
11Y-29A 8/18/54 | Chuska 57 | 44 14 5.5 14 186 0. 3.5l 3.50 .2 .41  208f .29 132 0 18 .5 292
53 | 12 104 38 15 392 0 151 9 .4 .2f s43] (74 416 941 15 .1 839






