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The wrinclpal reports of eariie

references in the preparation of thi

1. Gregory, H. E,, The Havajo

graphic recounaissance ¢

Utah: U, 5. Geol. Surw

2. Gregory, H. E., Geclogy of

s of Arizona, Mew lic
hor 93, 1917.

B Nb‘Cp, #. D., the Coconino sandstone - its histor: and origin:

Carnegie Inst. Washington Pub. pt.

4. Stoyanéw, A. A., Correlation of Arizona

Soc. Ameri VOL. 47, noe 4, DT

5. ‘licKee, E. D., Th@ and history

Kaibab formations of Arizons and Utah: Carnegie

Pub. 492, 1938,

3
Ty - a reconnaissance
Il

J. S. Gecl. Survey

6. Harrell, L., A., and Zckel, Z. B., Ground-water resources of the
> y 3 3
Holbroox r zicn, Ariz.: U. 8, Geol. Survey Vater-Sunply Faper
) 3 ¥ S b

856=1 , 193

7. lckee, I, D., Some stratigraphic principles illustrated by
Paleozoic deoosL+s in Nartgeastern Apiz.:  Awm, Jour. Seci., vol,
241, »n. 10i-10 1945,

&. DStoyanow, 4, A., Pa160201 valeogecgranhy of
America Bull., vel. 53, no. ¢, np. 1255-1232,

A more complete list of sarlier reports upon the
water resources of the arca is contained in the paper

laps and ficld work
A limited amount of gcologic ficid Uork was doie
Ths geologic map, plate 2, was adapted from that of narrel+ ald.
The discussion of geology contained he”eiu as principally adapbed
the reports listed in the sechicn of "Frovious inve sstigations.”
The may of the artesian a?’a, ~lats S, was based upon btopographic

ot

maps of the Little Colerado Tiver Vall de Foderal Geolegical
Survey. Vell locat1 ns and 1rr1uato‘ t3ed from acrial
photographs and ficld obscrvation. dischargc roasurc-

ments were obbtainced betwegn June and

LAITD FCE

The Holbrook area cccupies a nortion of the
a region #f gently folded and faulted sedimenta
canyons, The Holbrook area has also becn ro“el
the lcgollon Flateau, the San Francisco }Lateah,
The altitude at Heber, near the Il ollon Rim
area, 1is 5,484 Teet; and at Holbrook, in thz

it is 5,068 fzet. As these Ltwo slevaitions indi

1

q

gently dowmward from the south borard the nor 3 SLJ:O
of the lawq is pracvically the same as the din the underlying
sedimentary

/
L B )
Harrell, li. A., and Zckel, 3. B., Ground-ua
- o)

region, Ariz.: U, S, Geol. Survey Tater-S
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Frosion has carried away the scfte” heds where they have nct been
protected by overlying lavas or by hard beds of sandstone or limestone
Thus the land surface is characterized by many mesas, buttes, and ridges,
capped by the more resistant materials. The Little Colorade River crosses
the area, fiowing to the northwest., 4 cuesta or long ridge of roeks in the
lioenkopi formation has been formed for many miles along the north bank of

the Little Colorado River between Holbrock and “finslow., Silver Creck
originates at the Silver Creek Syring and flovs northward to join the
Little Colorade River about 4 miles south of Toodruff. Chevelon Creek
starts in the southwestern nart of the arca and flows { iod
the Little Colorado River between Joséph City and Wins
has its origin southwest of the Holbrock srea and flow
join the Little Colorado Hiver east of Winslow, In many ¢
canyons cut by these three tributarics are impressive,
and having depths as great as 300 feet. In many OlngS
canyons arc level with the general land surface and ©
canyon is visible until the brink is reached.

TOLOGY ALD ITS RELATICN TO GROUND ATER

The rocks forming the ouber crust of the carth are generally notb
entirely solid but conitain numerous cpenings. The smount of water that
can be stored in any rock depends umpon the porosity of thoe rock, usually
cxpressed as the percentagc of the total veolume of the rock that is /
oce ﬁlou by voids. Porosity, howvevoer, detcrmines only how much wator &
ock can hold, not hew much it may yield to wells. ‘The pemncability of =
rocr may be defined as its capacity to transmit wator under pressurc.
Beds of silt or clay may have a vnorosity as high or ghor than that of
beds of sand, sandstong, or gravel, but under ordinary hydraulic prossur
silts and clays may be almost impermesblc. 4 study of the geologic his
of an arca cxplains how the rocks were formed and placed in their prOSORu
positions., 4s all thoesc factors arc of great +maortqncv in the cceurre
of ground watcr, the geology of the arca will be described, starting with
the geologic history.

H

Geologic history

Pormian neriod

The Supai formation is the oldest formation that will bo discusscd
in this report. It does not crop out in the arﬂa, but strata penetrated
by deep wells have been assigned to i, During Suvail time nortl tern

b

Arizona was periodically covered by a sea that advanced and ve
This sea came in from the southeast. During the pericd
advancement the water was deep and clear and limestone tras deposited
“then the sea retreated to the southeast, leaving a flood nlain, oy waen
the water was shallow, silt, sands, and shales were dewnosited. “These
are usually red in cclor. Thus during thess advances and retreats of
the sea were formed the aliternating layers of limestone, sandstons, and
shale that are xnovm as the Supai formation.

After the final withdrawal of the sea at the close of Supail time, a
great thiclness of 11

dight-colored sand wras dencsited over the greater part
of the area. This white aand.inserffingered ”13“ the red-colored sediments
at the edge of the sea. The sand was deposited to a thickness cf many

fest over hundreds of sguare nmiles. It is known as the Coconino sandstone
and is the principal water-bearing bed of the area. The sand was depnosited
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principally by wind action, although in vlaces it was reworked by twrater
rs fossil imprints of animel tracks and raindrens.

The deposition of the Coconino sandstone was brought to a close s
& sea gradually advanced across the area from the vest. Tha Hajibvab lime-
stone, consisting of alternating lavers of limestone and sandstone, was
deposited in this sea. The northeastern limit of this sea was ane
near Holbrook, as the Kaibab limestons has not been recognized %
It is possible that the sandstones and Iimestones of the Laibab vere
being devnosited in the western part of the area at the same time tha
Coconino sandstone was still being dencsited in the eastern »nax
area. After the sea withdrew was exnosed to a perioc
that is represented by an uncon? t the base of the T
is probable that much of the Kaiba i
this period.

eil

The first sediments laid down during the Triassic yere sends and silts
of the lloenkoni formation which were devosited on a Tlood vlain or in
shallow bodies of water. Playa arnd lagoonal conditiséns alsc czisted ab’
this time and resulted in the depcsition of salt and gypsum in some
ti T mue!

localities and in ithe accu o Tossil plant material in others.
The water probably contained rela salts, as the

P4
o)
b
@
par

(SRR H
fossils found are the tyne that lived in fres
The next younger beds to be devosited in the area are imour as the

Shinarump conglomerate. The exact method tion of this conglomerate

£

is unknown, although it contains fresh-water shel
about this time volcances in or ar the e

i

Ll vrood. At
ne U

volcanic ash. This was carried dowm by the
cl

1tities of

0
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s
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o
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great thicknesses of bentonitic clayrs wbich, with alternat s of silt
and sand, make up the Chinle formation. This formation yas i
nartly in fresh wvater but mostly in shallor salt wabter and

Cretaceous neriod
Some time efter the devosition of the

Chinle feormation and bhefore tho
Cretaceous deposits were formed, the areca was umlifted and tilted to the
4

nerth and northeast, and intensive erosion Yook place. HNo record
of any deposits that may have been formed in the area during this
of time. During the Cretaceous rericd, derosits of sands, silts,

Tormed by the vrevious
¢ extreme southern part of

and ccal were laid down in the deep
These deposits are now exposed only in ©

coant inued,
nd possibly part
the major
of the arsa

some volcanic

mnore e
of the Guate:
stream vallevs.
near the Mogollon Rin
rocks may have boen forme

, Quatcrrary oeried
After another periocd of crosion, lavas of Ruaternary or perhap
ne

o

t
- ~ A . o
11y aleng the souther
i T

Tertiary age worc noured out fra: vents al = i
cdge of the area but also from scabt Vi throughout the arca, esc
lavas filled the cxisting vallcoys and in nlaces completely coversd the old
land surface. The lavas lic unconformably unon tho 34 g T
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surfaces of the older rocks., The lavas have had an important
.tle existing topography and on the co gses of the stvvaﬁé. Siﬂce

vere deposited the streams have cut through Them in places and have formed
verrace deposits along their val‘evs in the lower wart of

Structure
During the Cretacecus and Tertiary neriods the Coleorado Plateau o
Arizonz was uplifted as a series of huge blocks, resulting in the Tormation
of fault line scarps along the southern and vestern edges. The LAJG” nart
of the uplifs ocecurred during the Tertiary vperiod. 3 ;
scarps are nown as the liogollon Rim. The effect of
to preoduce a platean underlain by formations dipping
mile toward the nor
During the uoli t gentls folds were formed. The largest is
Holbrook anticline, Dbetween Snowflalke and 7inslow. OSouth of the
anticline is the Dry lake syncline, Two minor anticlina1 folds bring

Pl
4.

the Coconino sandstone near the surface at Holbrook and Penzance.
Geologic formabtions and their water-bearing wroperties

Supai formation (Permian)

The Supai formation does not crop out in the Holbrook area but rocks
found in deep wells in the area have been a031gned to the Supai. The
thicimess of the formation, as found in wells souvsv st of Holbrook,
ranges from about 1,000 feet to about 1,300 feet, The formaltion consists

vrincinally of red shale and sandstone, vwith lenses and beds of limestoue,
salt, add gynsum, The nature of the formation indicates that it does not
contain goed water-bearing beds. The impermeadble sh a‘os in the Supai

formation arc the lovier confining beds for the overlying artesian aguifer,
the Coconino sandstone. 8o far as known, all water cncountered in wells
in the Supai formation in theo Holbrook area hes been too sality to be of use.

th and scuthitest
n Rim and in the
?

Coconino sandstone (Permian)

The Coconinoc sandstone is exposed in a large srea so
£ Holbrook and is also extensively exnosed in the Loool1

cagjons of Silver, Chevelon, and Clear Creeks. The Tormation ra

U
o
ti a

1,100 fec

greatly in thickness, the greatest thickness being aboutb t along
the Mogollon Rim. The formation thins to the north and west and is missing
in some places. Near Holbrook the formation ranges in thickness from 450
to 900 foet. The sandstone is gencrally buff to white but i ise it is

red or brown, It is cross-bedded and uniformly fine-grained, aﬂd
usually consists almost eptliel of quartz. The upper part of the formation
is mueh Tiner-grained thdn the lower parb-and carﬂlos mach more siliceous
cement, and it is almost immermeablc. This comented zone forms thce cap

over the formation that confincs water in it under artesian pressure cxcepd
where the c¢ap has been fractured.  Recharge to the Soconino sandatonc in

tho Holbrook arca occur prin01nall; along the Mogollon Rim. MNear the
Mogollon Rim the Coconzno is usually covered by the Jaibab limestons, by
Cretaceous sands, or by lavas. Howevor, all threc of those rock formations
absorb water readily from rains and stream flow and transmit some of this
yater through joints or solution channels to the underlying sandstonc.

Thc Coconino sandstone is the pri?ﬂiﬂal ator-bearing bed in the Holbrook
arca and yiclds largce suvplics of watsr to somc wills,

o
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Kaibab limestone {Permian)

The Kaibab limestone is exposed in a large part of the area southwest
of Holbrook {vl. 2). This formation is thickest to the south and west an
thins rapidly toward the north and east. It has not been recognized in
the vicinity of Holbrook, but near Heber it is about 200 feet thick. The
Kaibab limestone consists mainly of white to gray limestone bads that are
locally dolomitic and cherty. The mors massive limestone heds aliternatbe
with thin shaley and sandy beds. The Kaibab limostone is not an imbortant
aquifer in the area. The outcerop areas nrobably collect much rater from
rain and snow and from stream flow. A part of this waler noves dommward
zlong joint plains and soluticn channels into the underlying Coconino
sandstone, and a part is discharged through sirings into the streans that
cut through the formation.

R
%]
4
%

Moenkoni formation (Triassic)
The Ioenkopi formation is extensively exposed along the valley of the

ittle Colorado Aiver in the Holbrook area. The largest arez of exposure
and the thickest section lies between Holbrooi and the Petrified Torest.
Humerous scattered remnants crop out south of the main outcrop area. The
Moenkopi formation is probably from 200 to 400 feet thick in most of the
Holbrook area, dut it thickems to the northuest. It consists of a series
of red to chocolate~brown shales and sandstones. Conglomerates and cross-
bedded sandstones occur locally, and mud cracks and ripple narks are
characteristic. The formation is not imwortent as a source of water. It
contains large amounts of salt and other readily soluble minerals and these
cause the small amounts of water that are found in thie formation te have
a high mineral content, making the water unsatisfactory for domesvic or
irrigation purposes. Several stock wells obtain their water from this
formation, however.

Sninarump conglomerate (Triassic)

The Shinarump conglomerate crops out in a narrow belt along the north
side of the Little Colorado River. Small outecrops occur in a few nlaces
south of the river. The average thicimess within the Holbrook area is
probably less than 50 feet. The formation is usually gray in color. 1t
contains coarse sand, beds and lenses of conglomerate, and petrified wood;
and it characteristically forms clif'fs and mesas. The formation cannot be
considered a good aquifer, as there is little opportunity for it Lo receive
or hold water. Iilo springs or seejs Were observed or reported in the
Shinarump conglomerate in the Holbrook area.

Chinie formation (Triassic)
The Chinle formation is exposed in most of the area north and east of
the Little Colorado River. Only the lover wart of the formation 1
in the Holbrook area. The maximum thickness in the area is about 0
The Chinle formation consists of a series of variegated shales, sands?t
limestones, bentonite beds, and lenses of conglomerate. Petrified woo
js abundant in several lccalities; the Petrified Forest National lonument
contains the largest deposits, The Chinle formation is not important in
the area as a source of water.

Upper Cretaceous rocks
Rocks of Upper Cretacecus age Crop out in smell areas along the
scuthern boundary of the Bolbrook area, and they probably underlie & nart
c

of the territory covered by the lava flovs. These rocks consist principally




of massive, cross-bedded, buff to green sa andstone,
shales and coal seams. Some wells near Sho U‘O‘ deriv
sandstones. Alsc, several sorings derive g
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Guaternary alluvi
Alluvial dGhOSLbS of uncons lidated si
£ill many of the stream valleys
shown on the beologlc mamn
most nlaces it does not exc
readily from the sitreams, how
to many shallow dug wells
domestic and stock »urposes.

4k

GROUND-V/ATER

The most important -
the Coconing sandstone,
quantities sufficient for :
for municipal, domestic, and s

&
I

of all the other formatior
been discussed in the geclogic section.
7ill be discus saﬂ under ground--rater rasour

The lover 12 conslisvs of an even-grained

loosely~ce hly worcus and T
This sandstone material, and

source of most rea. | ater is

the Coconino s i 3 long the Lithle Colorado
River, and flov“nﬂ wells can he ob tqlvfi in .

Near the towns cf Snowfliale, Shorloy, and Teber,
sendstone is notl under srtesian wressure.




Source and movenient
The Coconino sandstone is rechar gedjrlnc1ﬁa13y

area of heavy rainfall along the kogollon : ater
snow wercolates into ths sandstone in the outeron ar
occurs where the sandstone is exposed on the Holbrook
Snowflake and Winslow but, as this is an area of &
doubtful whether the amount of recharge 13 e

its way into

e
{0
@]

lavas and sclution cavities in
zround water in the Coconino by
T irection from the recharye
River, where 1%

The direction of

(1) The pressure sur 2
sandstvone dins in the )
content of the water i thes {1
data were not svailable to dedermine the direction of
7ater through the sandstone north of the Littie Color

Discharge of ground water from the Coconino sandstone
the follouing three ways: (1) 1 1 s c%argf a

springs and seeps; {2) dis 1ls by natu
and (3) underground leskage.

Hatural discharge at surfacs

Artesian springs and ssens constitute one of the princinal means of
discharge of artesian water in the area. These syrings and sseops occur
in low places on the south side of the valley of the Little Colorado River
and in the river channel, In these places the Coconino sandstonc is
exposad or is only thinly covered by you ng r formations The watoer
rrobably moves upward *1ro&g fractures in the upner, 1Lﬁorﬁaao!w nary
of the boconlno sandston The springs occur in several ¢l&CPo a‘ouu the
Little Colorado River fr iolbrooL to the mouth of Chovelon Creel, the

Joseph ity

Htic

largest and most 1mporuant occurring bebween Holbrook and J

{see pl. 3). The svrings and seeps along thoe south side of tho Li
Coleorade River vallzy aré characterized by larze narshes. The wa
conming to the surface is lost by evaporation er tran o
into the river. The presence of the artesian spri
the early settlers to drill for artesian
was not possible to det ne during
of the 1,100 acres of marsh land was
how much was sub-irrigated from watur

the areas. It
ation how much
_oming vells and

- Discharge from wells
The largest discharge of ground vster in the ar
and non~flowing wells. The discharge from 24 T‘rv
flomring wells was measured in 1946, Tables 1 and 2
logs of typical vells in the Holbrook area.
The yields of :ficding wells rangs
to 540 zallons a mjﬂutﬂ The tobtal disch
[o FIp T .

-
Josevh City Irrigat Commpany,
A5

37
il k.
- . { - - Lo
well in the area xrewl £65, table 1),
in dugust 1946, This vater flovs into

divertasd for irrigation by a dam about 2 mi]
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The report by Harrell and Eekalg/
of ground water in the area. & few. oI
1933-34 were re-samnled in 1946. The
that ne significant changes in gualibs
1Z2-year veriod.

The dirfferences in chemical character of
generally result from the dill: S 3

which the waters come. Although the quality

formation may differ from place ce, in

quality from formatidén to formation are the
T 1

condition contrasts sharply in gr
Arizona, vhere the water-bearing formations in & ngeq nary
usually vield waters of very siuilar chemical character §
and the differences in quality of water fron pLGue to
basin are the nost si i i
guality of ground
chemical character
bearing formations

~ 3
and

1n the ar
L/l_LJ'n
nmvter,

and more than Aull of the 57 sampl
In general, these wvatérs contain m
usually ranging in concentratiorn Irom
of dissolved solids. Most of the 4i
consists of calcium and bicarbonais.
contain grc“tcr ancunts of sodium,
(table 3) is tyopical of webtors from the Ccconiuo
the dilute waters occur ncar the llogollon HAim and
northward tovard the Little Cclorado River

Some wells in the ares that are rejorted to obtain
the Coconino sandstone yield highly-mineralized water. g
contain from 1,310 bo 4,250 parts ser million of disselved solids, mostly
sodium and chloride {copmon salt). The source the salty water in these
vells mey be formations above U g

) of
the Coconino sandstone.

/ =

Moenkoni formabion

Samples from 10 wells in the area reprssent wal
formation. This formation characteristically yi
water, containing mostly sodium and chloeride. U 3. i ¢
the 10 samnlss ranged from 1,770 parts per million in a sam? from
5655 to 87,300 parts mer million in a sample from well 6051 (tabls 3],
The most highly-concentratcd vavers from this i vere obtained
from wells a few miles northeast of Molbreok.

Quaternary cr Tertiary (?) volcanic rocks
In the southeastern nart of the area a considerable nwmber of wells
and springs cbtain waver Irom ﬂﬁ“ou volcanic rocks. lator from those

“

rocks contains small to modera
dissolved solids in four san:
per million, Iiost of the di

calcium, magnhesiuwn, and bica

B ~~
Harrell, M. A., and Eckel, E. B., Ground-water resources of “olbrook
region, Ariz.: U, S, Geol. Survey 1ater—SuppLy Paper 5336-B, =. 8%, 1939,




Quaternary alluvium
Ten samples were collected from wells in valley fill along the Little

Colorado River and its tributaries within the Holbrook area. These sambles
indicate that water from valley £ill in the area is moderately to rather
highly mineralized, with a range in ﬁissolvmd solids in the samples from
188 to 2,680 parts per million. The more dilute samples from the valley
£i1l contained mostly calcium and bicarbonate, and the mors highly-
mineralized waters contained nmostly sodium, sulfate, and calor;de. Tha
most dilute water sample from valleJ £i11 came from a well along a
trivutary south of the Llutle Colorado River near the Apache County line.
The most concentrated water came from well 5252, in valley fill along the
Rioc Puerco (tavle 3). Most fill in the Little Colorado River Valley yields
highly-mineralized water, but in some places leakage from the Coconino
sandstone causes the vabter in the f£ill tc be only moderately mineraliized.
Jater in the fill along washes north of the river is usually highly
mineralized.

Uhemical character of surface water
4 small amount of information is available regarding the chemical

character of surface waters in the area. Jamples vere collected f roim the
Little Colorado River ab Toodruff for about 12 months in 1905-08 and at
Holbrﬁoh for a short period in 1906 and the analyses were published by
StablePJ . Thege analyses mey not be reoresentative of water that nass
these points under present conditions. A fou more recent analyses are
available Tor spot samples talon from the river and its tr ibutarica during

w-flow and flood periods. The svailable data are not sufficient to be
conclusive, but they indicate that low-flow waters of the Little Colorado
River are strongly influenced by surface inflors from tributary streams
and by inflows of ground water. 4 few analyses of waters from lcw fTlows
and flood flows in Silver Creclk indicate t* t carries watcr of low
to moderate mineral content, containing wmainly cale magnésiun, and
bicarbonate. rloous from aress where rocks of the ie or rivenkowoi
formations are exposed may consist of water containi: large amounts of
ved from these formations. 45 a result
o River leaving

sodium, chloride, and sulfate deri

of such flood inflows, flood waters of the Little Colorad
the Ilolbrook area often are rather highly

also carry considerable amounts of fine ;ly-divided sediment.

=]

?YileTa¢*aCu. These flood wraters

Relation of chemical character of water Tc use

Irrigation
“Iater from the Coconino sandstone is generally “excellent to good”
for irrigation, and that from volcanic roclk, 1in the southeastern part of
the area, is all "excellent to gogd” for this purpose, according to the
standgras of “Jilcox anu ma"1 stadd/. The highly-mineralized waters Trom
Ioenkovi formation and - ] a waters reported to be from

3/
Stabler, Herman, Some strean wate 5
Geol. Survey Tater-Supply Paper 2V4, 191

4/

the weshern Tnited States: U. S.
I

Wilcox, L. istad, O. C., Interpretation of analyses of
irrigation w relati ' ozop pLuxBS~ U, Se
Dent, Agr., Bu Lant Industry, Research Administration,
Riverside, Calif mimeogranhsd) 1945.




the Coconino sandstone are generally “injurious to unsatisfactory” for
irrigation. In a few vlaces, water from the valley fill is “good to
injurious™ for irrigation, but in most areas the dissolved-solids content
is high encugh to make it "injuriocus to unsatisfactory,™

In general, the only ground waters extensively used for irrigation
in the areas are those from the Coconino sandstone and from volcanic
The mere highly-mineralized waters in the area are geilerally availal

o

in such small quantities that they cannot be used sxtensively for

Domestic use
Yiaters from the Coconinc sandstone and from the volcanic roclks in
the scutheastern part of the area are the most likely to be ;atlsfpcﬁory
for domestic use. These vaters are hard, but they all o t :
moderagte amounts of dissolved matier and less than ‘.O
fluoride. Yaters from cther formations in the count
too highly mineralized to be tory for domestic uae.
Only two waters were found in bShe area that contained more
parts per million of fluoride. DBoth these vaters were rathe
mineralized and came from the valley fi;l. One of the sampl
well 2751, near Ieroux Jash, and conitaine
fluoride and the other was from well om5l

H
ntained 1.7 parts ner miliion. From the gvailable analyse
that the ground waters of the Holbrook arsa are more nearly
flvoride than those of most of Arizons.
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Relation of cuaéxu of yater to recharge and source

mattery in ground water
The analyses indicate that water in the Coconino s

dilute just north of the illcgcocllon Rime. A tongue of dilut

from the rim to the north and northeast between Joodruff fnd Hunt
indicating movement of ground vater in that direction. The water
moves around the eastern end of h@ highest »nart of the 1ibrock alx1c14np
and thence back northwsest to the ttle Colorado River, gradually increasing
in dissclved -solids content. GroLnu waters in the Coconino sandstene near
Holbrook and Joseph City generally have between 450 and 750 parts mer million
of dissolved solids. Ground water probably also moves around the westeru

end of the anticline, but fewer analyses are avallable to indicate movement
in this area.

Neormally the water from the Coconino sandstone has a moderate

dissolved solids content. However, two Tre‘ls in Josesh City, tvwo wells i
“linslow, tiwo wells north of the lolbreok anticline, and one well in the
Dry Lake syncline have cobtained highly-nineralized waters, reportedly
from the Coconino sandstone. These highly-nineralized waters do unot it
in with the pattern shom by the remaining 28 samples Irom the fermaiion
It has not been established that the highly-mineralized -aters found in
these vells vere actually cbiained Trom the Coconino sandstoue and it scems
likely, in most instances, that the salty raters the vells from

1r”Su7 i

overlying Moenkopi denosits that had not been qed cff. As
Uater in the lioenkopi formation is uineraL‘/o‘, amount
f leakage around or through the casing would male from

a well entering the Coconino sandstone distinetly s

The most highly-mineralized vater samples colls
from the loenkopi formation. This formation Cuhtali
that was included at the tTime the beds were laid domm

the area iviers
solubls matter

as ground rater




percolate through the beds the soluble matter goes into solution. The
formation is variable in composition and therefore the waters in 4iff Perent

NN

o]
o]
o

localities and in different parts of the fommation may differ in cor wcentration.

The water Ffrom volcanic roclks in the area generally contains less
dissolved mauter than water from any other source. The "mLﬂa%"
contain 1ittle soluble matter, and their oper structure
rmove throug ‘tnﬁu rrith uoﬂluar?tivs rapidity, with 1iv u] e
The more highly-m 1=raA*zed vaters from volecanic rociks v
the contact zone betireen the volcaﬂlc roeks and the imvpervi
rocxs that contain soluble ratter,

Probsebly the main source of recharge
flocws. There is evidence to indica

ome tributaries may contain large aﬂmunts
rive
Q

some of the valley fl
amounts of soluble matt

ET Corse;uently,
expected to be highly mincralized in nlac h
local conditions may causs the wabter in this meterial to he of lover

mincral conten

South of Joseph Cit;, in the Ubed marsh &
igssuing from fill in the wvalley of the Lin
similar in chemical charactsr o that fron
(see analyses 5459, 5460,
are thus indicated to bhe
sandstone up through the
and vallecy fille

h]

n is pfvt of the Celorade

on Rim and tre HNavajo
corcerned nprimarily
e

The area included in this inves
Blateau and lies in Navaéo“ﬂmunﬁv be
Indian Reservabtion., The ground-vater
with the artesian area along the Lib
and Joseph City.

The rocks exnosed in the ik lczoc
of sedimentary materials, ranging in
rocks include limestonss, ahdstule,
minor amounts of interbedded ypsum and
are cverlain by lava flovs in the southeastern
the rocks are permesble agquifers that serve as

itting rater derived
js the Coconinc
ged in the
nercolates
e, and gome 7

r bebueen Holbrook

33

tion exn

O
D

Permian age, the

Viater from
stone wher
formation o . &
overlain by 1li ne or by lava. later moves
a generally nortl tion toward T
it is dischargedt and flowi:

@
R
ot
pd

area of discharge ter is south

and Joseph b:tv. filowing and 12 3 ks
municipal wells T™e total measured discharge in 1946 from
these wells was abouu i,owO aorewfeet. An additional, unde erulnei aiount

of watbter was 4

the discharge T

years, with nc apparent declins i; wvater lcvcls, it is councluded that the
1

e
[
Aalgnrald Wir 11‘"7791/.& T aalran thr u,j,a et y AN Aa
nargea ¥ TNTa .Lba;.;.a’e LR OUS ._‘_av urec ZO0LCO. QCAUSC
€ Y T
]
3 <
gsafe annusl vield in the Holbrook arca has not been cxcceded.




Limited amounts of water are found in the sand and grave
stream channels in the Holbrook area. There is generally suffi
for stock and domestic uss.

Ground waters from the Coe

quality and are ccnsidered “ex
waters are hard but are ObDCl”

from the Moenkowni format
use. In some local ‘ile

from tiie valley Fill ars

A
exbensively used for dome
Chemical znalyses in
Coconino sandstone exterd
northezst, between Toodruf
eastern end of 1070
gradnaTlv increasing in
tained from a few wid
area indicate that salt

4 .- N
tional watsr can

nroperly

o en s en 1 4o e
,‘::Llj.;}_, t!;e [SIN 'Sula;;;f)

s
ailowing wells to Flow only wn
casings should be cemented from the top of the Coconin
surface, or at least through Tormations containing
upirard leakage of water from the sandstone or dovmewm
water into the sandstone or into the wells. Corrosi
would be nrevented by such injection of cement bn*veeu
wall of the well, through the overlying sald vater-bearing
This is common cil-field practice

The data vresented in this rescrt 16Lcate that the Coconinc sandsione
in the lolbrcok ares has not been ovaerieve loped, glvhough much water is
now beling wasted in non-beneficial use. ﬂew deve Lomine e

taken cautiously, however, in orde

r not to overdevelop the
of the Cocoi i e

records should be ken

‘ ‘.
of water »r du:e¢ and of the water levels in vells, in or
/ ,‘ -
more accurately the annual safe yield.
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Tell records obitained by Bahecoclk, C. T. 5n: endg G, B, fazen

: dater level i : :
Ho. i Depth  ; Date of '} Pump : Use Termn.

P helow imeasure~ i and ! of

; - - : fom

i measur- DOV, water | . Hemark

! ing vointi VAR :

i{feet) a/i X i L o o
2601 : - i - i LW

2751 | - - L 0 B oo

fe/ ; July { : : Measured discharg gallons
28521 15,5 1 1946 LB 0P i 62 _ia minute. See log,.

¢ i Oete 2, i : :
2853 164,9 i 1946 | - N - i

{ : July 25, | : : leasured flow 5% galloas a

H e . : A ; v : : i Y~
5051 : Flowing 1946 i _UNone : S 81 iminute, July £5, 1946, ‘

do., P do. | Home i W -

&

5253 ¢ do. i do. i None | N

{ Oct, 2, | ; : Well 5% in
41,9 1946 . Mone . o
i ; ? E ?eoortﬂd discharge G0 gallons

pes

[
L
el
N
G
|
o4
.

5452§

‘g Y"J"7Lv‘.up C«“rn er Tas ‘O"}' P
i : : rY; DoV ER;iI
5453 30.6 Ao, Tz P
June &, 5

5454 0,6 ¢ 1946 i Ce,G i DI

5455 1 - i i 0.6 1D

¥ H i
5459 | Fl G946 © _None ' 1
c/S, stock; P, public suprly; 2, dome

a7

e
NS

l()

4/Bee table I for anslysis of wats
e/ later level rejorted.
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Jell records cbtained by H. M, Babeock, C. T. Snyder, and G. &. Hazen

. Jater level : : : s

No,i{ Depth  {Date of | Pump | Use ! Temp, |
i below  imeasure- ! and | of : :
! measur~ {ment i power : water | OF., i Remarks
: lﬂ@ pointi S VAR B V4 : :

(feet) _/

[
o

Seep in marsh. Dstimsted flow
59  i5 gallons a minute,
- Iarsh, Reported flow

: ; : allons a minute., Yell 6
5463 | do. P 1946 Nonme | S 62 __in ater-Sunply Paper 836-3.

: {July 30, : P iSeep in Obed larsh, Estimate

AT
H "Lv :
5460 Flowing § 1645 ! llone

1w

I\')

5464 do. 1946 | Hone ! 8 ;65 iflow 400 gallons a mimute.
; ;

[w1]
(93]
()]
l._.
[V}
>
L]
(o]
[
(o]
i
[
(@]
n

60 ia m;nute.

3
hs
5]
1
o))
[AV]
i

5652 44,6 | 1946

=
5]
lwr)
w
]

21.8 | do. %

5654 __40.7 _idos 0,7 I8 - -
5655 : ~ i - . C,G D,S - later from Moenkoni formation.

crted water too highly
ralized for demestic use.
r from lloenkoni formation.

(@]

6051 - - 2 _|_Ind.

6251 | - e PG, D { - iiater from vallev Till.

: : f ; : {Driven well. Jeil 81 in “ater
U i § P §Supply Paper 838-B, later
6252 - . ‘= i CJ i DS i 6l ifrom valley fill.

9]

o

~3
i

7251 - § - L,

§ Oct, 2, | : : {Drilled for stock use. Water
7457 ; S 19456 i Nome ! K i =~ _ifrom valley fill, —

i ‘ : : : i RBailroad well at Penzance.
7452 | - P - 8,0 Ind. |62 | See lom.

: : : ] P ! Measured discharge 217
r,Gi I . 61  epallons a minute..

~3J
1N
o1}
&Y

!

i
<
4
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Yell records obtained by H. Ii. Babeock

C., T. Snyder, and

No .

Jc ter 7evel

PEITIYT YT Tom N

Remarks

%(fee%) a/:

-+
iy

=

ilMeasured discharge 300
o
v

‘gallons a minute. Vell 91 in
MR P 62.5: ater-Supnly Paver 836-3,

N

y
i

3
7

651 |

7553 |

Lug well, 200 fest north from
fwell 7651,

2

{ See log,

7655 i

™

{Bstimated discharge 200
igallons a minute.

[
P

i vater renorted too highly
émiﬂeralizeu for drinking,

i ater from licenkoni formation.

[ €]

S

éDo.

i Reported discharge 10 gallons

8501 :

i s minute. Sez log.

[63]
%]
&i
’,..l

e

o
O

3}




Table 1. - Records of typical wells, Holbrook aresa,

21

Navajo County, Arizona ~ Cont

‘Driller

HNo. Locaticn Ovmer Altitude | Depth
above of
sea level i well
(fect) {feet) i well
o in.)
T, 14 N., R. 19 E,
4/ Claude
9026 ' sec. 7 Delpain ', Bentley 5,825 430 8 .
T, 153 N., Re 21 =,
&/ City
9304 NEz sec. 26 Jtilities Co.:¥, liclavs - 300 8 __
a/ Logan
9305 Srimhall Zarl Jhite = i 248 12
. 12 No, 2. 16 E. | Church of the |
4/ Latter Day
] e s s : .
2401 SE:Sk sec. 13 Saints P, Bentley 6,440 425 -
T. 12 N., R, 18 &,
&/ Sundown Boys
9451 SIESEr sec. 27 Caman _____ i do. 6,400 i 440 i 4
a/ileasuring point was usvally too of casing, ton of urip base, or top of water

pipe clamp.

b/C, cylinder; T,

g

turbir

“y

Cf, centrifugal;

T, windmill;

I, electric; G, g

=
(&

soline.
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Wlel]l records obtained by H, M. Babcock, C. T. Snyder, and G. Z. Hazen

“Water level

No. i Depth Date of Pump § Use Temp.
below measure- and of
measur~ iment power i water °r, Remarks
ing point b/ e/
{feet) a/
Revorted discharge 10 gallons
&/ a minute. Vell 112 in Yater-
9026 405 ~ C,G,Wi 8 61 _:Supply Psaver 836-B. See log.
Snowflake town water supply.
e/ Renorted discharge 500
9304 80 - Ce,E i P 99 __.gallons a minute.
ef
9305 68 - C£,G i D,S,Ii 60 -
e/ Reported discharge 8 gallons
9401 397 - C, B P 97 ‘a minute. See loz,
e/
9451 400 - C.G iD,8 60  iSee log,

/S, stock; P, public supply;

N, none.,
4/See table 3 for analysis of water sample.
&/Vater level reported.

D,‘domestic; I, irrigation; Ind. industrial;




- 3
loenkoni formati
Red shals

Blue shale,

vater per o
Xaibab limestone.

Sandy bulf-colored

limestone
Sandy gray limestone
Saqdv Vﬁl 1i

i
L )

g?llon ner
White limestone

Coconino sardstone
hive sandstone,
rose to lo feoct,
gallons per minute

“hite and buff-colored
sandstone

Pink sandstone
Suff-colored sandstone,
water rose to 135 feet,
45 gallons per ninute

Pink sandstone
Buff-colored sandstone,
water rose to 13 Teet

White sandstone
Buff=-colored sandstone

TOTAL Di:

[

[
ol

-
H

1

e

140

& QJO Coun

™y @

Gl o

33

Srown shale, water rose
to feet, 6 :
per minute

Red and blue shale

n

38

Brown sandstone
Red and blue shals
fed shole

Hed saquton@
Red shale
{aibab linestone

205 Yeilow and blue shale
520 i Coconino sandstone

Sandstone
hite sandstone,

223 a minute of wvatexr
287 Jhite r~a“;dstone

TOTAL DEZIT
Loz of well 5459
L. 3. Hewvard, oimer.
SiESk: sec. 28, T, 18 M.,
Quicksand and red silt
wenkoni formation
Red sandstone
Coconino sandstone
Yhite sandstorn
Ia tc‘f*—oeaﬂld o
san dstone

mite

Red sandstone
Red shale, 24 gallons a
minute of srater
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‘able 2., - Logs of typical wells, Holbrook area, Navajo County, Arizons - Cont.

Thickness! Depth

ThicknessiDepthfé
{ (feet) i(fest)

feet) ‘(feet}!

[ well 7452
S, F. R R.,; owner.

:fLog of well 8501
I. B. Jeffers, owner.

'3z sec. 6, To 17 N., R. 20 E. INEZNE: sec. 16, T. 16 N., R. 20 E.
Sand and small gravel 21 i {i Surface soil 2. 2
Gravel, water seeping 5§ oenkopi formation :
Sandy red clay 6 i i Sandy red shale 320 54
Gravel and boulders, 1 : i Red shale 70 41

gellon a minute of water 7! 39 iKaibab limestone :
Pink sendstone, boulders, § i Sandy white limestone 6 47
and silt, 10 gallons a : i iCoconino sandstone
minute of water 2 :{ Buff-colored sandstone 1331 180
Brown sandstone g ! White sandstone 55 235
Boulders, sand and gravel 16 | Buff, yellow, and gray
Coconino sandstone : gandstone, 1 gallon of :
Yellow sandstone, 28 water a minute 147 382
gallons a minute of : White sandstone 2: 584
water 14 Buff~colored sandstone 381 422
TCTAL DEPTH : White sandstone, water 5
: i rose to 360 feet, 10 ,
Log of well 7653 § i  gallons a minute 7429
Arizona Highway Dent., owner. i Buff-colored sandstone 21 1 45C
WENE: sec. 7, To 17 W,, R. 21 Z. : ! TOTAL DEPTH . 450
VNoenkori formation : P
Red shale 4 {Log of well 9026
Red sandstone 7 Claude DeSnain, owner.
Coconine sandstone : Sec. 7, Te 14 N., R. 19 Z.
Yellow sandstone 42 ¢ Top soil and loose shale 55 : &5
White sandstone, 1 : Lioenkopi Tormation i
gallon a minute of water 4 . Red shale 19§ 54
Yellow sandstone 28 Red shale and sandstone 41 ¢ 95
“hite sandstone, water : Kaibab limestone :
rose to 38 feet 5 i {{  Limestone , 30 125
Yellow sandstone 13 | i: Coconino sandstone
- 7 i hite sandstone 295 ¢ 420

Loose, white sandstone,

water rose bto 405 feet, ;
i 10 gallons a minute 10 430
‘. TOTAL DIPTH i 430

TOTAL DIEpTH




:

lfatle 2. -~ Lozs of typical wells, Folbrook area, llavajo Countyr; Arizena - Cont.

er Day Saints, omer.
ld Ne, 2. 16 45

28 2%
sandstone ;
le; sandstone 232 284
Sandstone 1481 402 .
White sandstone, tater :
rose o 387 feebt, 8
gallons a minute 407
Buff-colored sandstones 425
TOTAL DEPTH 423
Loz of well
Sundovm Zoys ©
sec. 27, T, 12 N., R. 18 &,
Surfaca soil and boulders 128 18
Eoenkoni Tormation
Yellow shale and
sandstone 45 83
Red clay 1L 74
Tainab limestone
Yellow shale and :
sandstone 611 135
Sandy, buff-colored :
Limestone 551 190
Coconino sandatone 5
Bulf and yellow :
sandstone 2181 408
Jater-vearing vhite -
sandstone 4i 409
Buff-colored sandstone S11 440

TCTAL DEPIH AAD




Table 3. - snalyses of wster from typical weile in Holbrook area, Navajo County, arivona.
Humbers corresvond te those in tsole 1 and viates 2 and 3.
inalyses by Geclogical Survey. (Parts per miilicn exceot specific cenductance)

Well Late of  ° Lepth | specific . Calciom . Vas- . Sodium  :bicar- . sSul- iChleride Fluo-:iNi  Lis-  Total *wier—
No. :collecticn., (feet): conduct- : (Ca) . ne- . and :bonateifate  (C1) ride “trate éeolved hard- :cent
‘1ubkpe , : ance : P sium  Potassiumi: CLB):(DLLZ (F) | NL3) sclidsi ness as'sodlum
- (Kx105 ‘ Cig) D (Wadk) : : : ' {Callq) ¢
: : T at 250 C) : : - : : 3

2601 June 7, 105 L, 222 — 29 . 11 L8T 598 T 378 205 1.2 1.9 1L30: 118 30
2751 June 2k, 3 1kg 6.2 3.2 373 748 . 180 22 1.9 2.1 ; SLYE 23 97
eghe - July 2b, 313 727 110 - 70 LLI0 - 281 ¢ 3830 2120 - 9 L230:  mh2 : 8k
hUBL T July 25, = - % 418 43 bg 753 - 266 301 1080 - & : o 2Lk0o: L17 © 80
52h2 . de, L. 301 - S S S -1 (- T S S S R R T
Hheh3 o July 30, - § 251 ; - T Hle 242 2k3 T E3e . 3 .7+ 1LBur 3RS T
5453 June 12, = 328 285 i 6 31 KO8 . 237 17U 725 W 1,00 16200 232 © 79
5uEL - go, o328 12k : b3 . 27 184 238 1 o129° ok b 3 70m; 18 ¢ 65
5455  June 7, © i2u 2L0 s 22 ey = 36 377 390 .6 1.2 1Lg0o. 235 | 81
559 July 26, © 125 115 , 2 L 31 s 2k2 il - 177 - 2 Ru3l 257 55
B5L60 " do. = ST T o TS Y S

5463 . July 25, & - i 1i2 ‘ - Lo- - 215 - %5 - - 1L _
Bublk - July 3¢, = - : ik - . f - Teks - 172 - L L L -
H65L - July 18, - uww 215 21 7.6 L73 " 6n3 pube 265 ¢ - - 1.3 1 1310 93 91
5652 - June 11, L eeR 112 - 53 29G 206 - 281 L70 - .5 1L 13300 Log i mA
5655 June 1L, LG 309 132 T THA L3217 U307 125 L7 2R I710) T RRO L F3
6051 June 27, = 275 10,00V 13.200 1300 17,800 0 LLLog 53,800 - - 8,,30u 3%,300 ¢ 50
6251  June 10, = 95 173 9.5 3.2 bog . £36 1L 1bs 1.7 2.7 | 1070! L CTS
b252  do. : b0 L23 : 36 16 949 T 650 Lgh: 825 © .6 6.3 - 2680: 156 93
{2bl  June 18, = 230 295 S hab - 2k 3pm: b5 - 1.9 1730: 320 78
M52 “July 15,7 80~ 1ok N - - o1 - FRIL I - S Z
h53° July 25, 100 11 - .- - ek - el - - - - -
7465 July 2, - : 72.9 - - : - 19 - 3 - - - i L -
7472 June 7, 150 5.7 Lg 3L 60 206 133 56 0 .3 b L33 260 23
7654 July 3, - : 229 g - - : - 3L - 510 © .1 - - i L -
656 Juiy 22, - 628 18k Bk 1116 213 339 183 - .7 . 3k20: 68 i 78
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lyses of water from typical welle in Holbreck

area, Havaje County, Arivcna - Cont.

Well iLate of : bepth :Specific - Lalcium * Mag- = Scdium  sBicar- Sul- iChleride Fluo- Ni-  Die ‘Tetal Per-
No. icoilection,. (feet):icconduct- {Ca) ne- and bonate: fate . (C1) ride ‘trate.sclved hard- :cent
:1ykb ! I ance Cogium Ectassium:(HCuB);(Sbu)i AF) :(Nb3)fsolids;n85$ as :scdium
{(Kx10D ; (Me) . (MadK) : (CaCy.)

; at 259 C.): ‘ f : : i 3
7451 : June 14, Loo 1070 169 51 2250 320 0 305 3500 . .6 - bh30 631 39
8501 © June 13, U50 11 68 Lo 115 308 120 6 - 1 B S 11 L3
gbol  do. b2 105 96 75 88 268 - 21k 92 = .3 . 2.,b fhO . 3Lg 33
8851 June il, 400 110 71 28 121 260 - 110 - 160 0 .3 1.1 © k20 @ 292 Ly
9026 ° June 25, - L30 267 231 50 202 189 %12 f15 - - 7.0 . 1R70 782 Lo
930k July 14, - 300 56.6 66 2L 2h 305 . Lk 13 .2 2.7 28 1 203 18
9305 July 2, | 2bg 50.6 | /2 27 21 278 - Ly 6 - 2.1 292 2u0 . 1k
9L01 . de. h23 bie - - - - 2L - - 17 .6 - - - P co-
9451 - de. LLO ko.g - L= = 2k | - 5+ .G . - - - - -

L2
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PLATE 3. MAP OF ARTESIAN BELT ALONG LITTLE (
RIVER, HOLBROOK AREA, NAVAJO COUNTY, ARIZONA.

SHOWING LOCATIONS OF WELLS, IRRIGATED LANDS, AND SEEPAGE AREAS.
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