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INTROIUCTION

. The Puell Park-Sawmill area was studied by the Cround Water Branch of the

Geological Survey in 1948-49, in an effort o locate additional water supplies,
The work was part of a program which ineludes a reconnaissance investigation of
the ground-water resources of the Navajo and Hopi Indian Reservations and
special studies in areas vhere specific prodlems require immediate attention,
The work in the Buell Park-Sawmill area was begun in order to detemmine
if springs in Buell Park could be developed as a suppleméntal supply for a
proposed school near Fort Defiance, At the request of the Navajo Service, the
scone of the investigation was enlarged to include the area near the Navajo
Tridal Sawmill, 3 miles west of Puell Park, Expansion of the Sawmill is con-
templated, which will ereate a demand for additional water. Because the Duell
Park and Sawmill areas are contiguous, the results of both investigationg are

included in this report,

Location

The Buell Park-Sawmill area it located near the erest of the Defiance
uplift, on the eastern margin of the Defiance Platean, in Apache County,
Arizona., The altitude at the Sawmill is about 7,600 feet, and in Buell Park,
about 7,200 feet. An improved gravel road connects the Sawmill with Fort
Defiance, 13 miles to the south, 3Buell Park can be reached by wagon trails
from the Sawmill-Fort Defiance road and the Plaek Creek Valley road (see pl. 1).

Zopography and dralnage

The Defiance Platean is a high table land extending for nearly 100 miles
along the eastern border of northern Arizona, To the east the plateam
teminates in a long, regular, rather steep dip glope which forms the western

wall of Black Creek Valley. The Defiance Plateau slopes gently westward to
‘Ohinlo Valley.




w b .

The topography of the Buell Park-Sawmill area is characteristically flat
or gently rolling, Loeally, the surface has been dissected by eastvard flow-
ing streams, as at Buell Park and at Bonite Canyon near Fort Defiance.

Buell Park is a eireular depression, approximately 3 miles in diameter,
on the extreme eastern edge of the Defiance Plateam, This natural amphitheater
is sunk into massive sandestones whoge sheer, galmon-pink walls rim the valley
on the north and east, To the south and west, forested, yet rather precipitous,
slopes reflect the presence of softer strata. The floor of Buell Park is flat,
grass-covered, and “ringed by scattered growths of ponderosa and pinon pine,

Peridot Creek flows eastward through the park, and has dreached the walls
in two places, The creek enters on the western gide, through a deep, narrow
canyon, A second canyon of mmch smaller proportions provides an eastern exis.
Within the park, the stream is entrenched., Three springs, issuing from the
valley floor, provide a perennial flow to the ereek.

Climate

o records of the temperature or rainfall in the Buell Park-Sawmill area
are available, Aeccording to records of the U, 5, Veather Burean, collected
at Yort Defiance, which is the nearest station and has an altitude of 6,850
feet, the mean anmal temperature is Y9 degrees Fahrenheit. The precipitation
at Yort Defiance is 13 inches a year, including 40 inches of snow., As the
altitude at Sawmill ig about 7,600 feet, or 7% feet higher than at Fort
Defiance, it is probable that the mean anmual temperature is lower and the
anmual precipitation ie higher at the Sawmill than at Fort Defiance. Summers
are cool and winters are usually severe, with heavy smows, The area ig in the
vegetation zone of the ponderosa pine, which supplies the timber for the
Sawmill,
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Summary of problems
Two prodlems were considered during the investigation.

The firet prodlem was to determine vhether the eprings in Buell Park
eould be developed as a sunply for a preposed school and commnity with a total
population of about 1,800, Assuming a daily rate of use of 150 gallons per
person, a continuous supply of about 180 gallons per mimite would de needed.

An investigation of the Port Defiance areal/ showed that springs in that area
would yield barely sufficient water to mupply the existing community and the
proposed new school, After visiting Buell Park, officials of the Navajo
Service suggested that the school be uilt there rather than near Fort Defiance,
provided that smufficient water could be developed.,

The sescond prodlem considered during the investigation was to detemine
vhether sufficient water would be available $0 warrant enlargement of the
Tridal Sawmill. It was estimated by R, H, Rupkeye/ in 1946 that the average
vater requirement at the Sawmmill was 55,000 gallons per day, including mill
operations and domestic consumption. The water requirement after enlargement
of the mill and community was estimated to de 180,000 gallons per dnll Y
equivalent to a contimuous supply of about 125 gallons per mimute. The report
states that the existing supplies would yield a minimum of about 50,000 gallons
per day, and that mfficient additional water could be developed in the area

to warrant expansion of the Sawmill, The anticipated expansion had not

Halpemny, L, C,, and Brown, S5, C,, YWater-supply investigation of Fort Defiance
area, Vavajo Indian Regervation, Apache County, Arizoma: U, S5, CGeol., Survey
(nimesgraphed), p. 10, March 1949,

Rupkey, R. H,, Yater supply, Favajo Tridal Sawmill, Favajo Indian Reservation:
Office of Indian Affairs (typevritten), p. 3, July 12, 1946,

(hpkq, R, H. , oD, eit.), v. 5
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ocourred at the time the Geological Survey was investigating the water supplies
in Puell Park, and the authors of this paper were requested to expand the
scope of thelr investigation to include the Sawmill area.

A preliminary report on the Sawnill aveal/ was prepared before the investi-
gation was completed, The conclusions given in the preliminary report have not
been shanged as a remilt of completion of the field vork. |

Tield work and acknowledsments

Teld work was begun in the late fall of 1048, bBut was interrupted by
umsenally heavy snows during Jamary and February 1940 and by the reswlting
heavy runoff during the early part of March, The field wvork was eompleted in
the late spring of 1949 with the exception of a program of pericdie measurements
of the discharge of each of the springe in the area,

Field work included & study of the geologiec streture and stratigraphy of
the reglon and the preparation of a geologie map (pl. 1). The discharge of
eath mpring in the area was meagured, and a pumping test was made on the
Sawmill school well, The altitude of each well and spring was detemmined from
a plane-table traverse (see table 1), Water samples were collected, and were
analysed in the laboratory of the Quality of Water Branch, Albuquerque, New
Mexigo.,

Fleld work was done by H, A, Whitcomd, geolegist, L. C. Halpemny, engineer,
94 R, J, Drake, engineering alde. 8, ¥, Turner, dletrict engineer for ground-
v:td‘tnmtiuttou in Arisona, reviewed the field work and the report,
€. B, Read, in charge of the Albuquerque office of the Muels Branch, Ceologle
Divigion, reviewed the field work and the report with respect to stratigraphy.
J, D, Hem, district chemist of the mality of Yabter Branch, wrote the section
on quality of water,

Halpemy, L, C,, and WVhiteomb, E, A,, Memorandum on status of water-supply

investigation of Sawmill area, Navajo Indlan Reservation, e County,
Arizonas U, 8, Geol, Survey (typewritten), 3 wp., April 1949,
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OROLOGY AND GROUND-WATER RRSQURCES

The stratigraphic section exposed in the reglon s as followss

WATERNARY Recent alluvium
CRETACROUS Dakota (7) sandstone
JURASSIC Morrison formation
San Rafael growp
JURASSIC (1) Glen Canyon group
TRIASSIC Chinle formation

Shinarumy conglomerate

PRRNIAN Upper member of Cutler formation
Lower menber of Cutler formation

PRE-C HMBRIAN (1) Wartzite
Of these rock units, all but the gquartzite are exposed in the area shown on

the accompanying geologle map (pl. 1). The quartzite is exposed in Bonito
Canyond/, & few miles south of the Tribal Sawsill, '

Pre-Cambrian (7) roeks

In Bonite Canyon, about 8 miles south of the Sawmill, Permian strata rest
unconfomably upon pre-Cambrian (?) quartzite, It ie believed that the guartaite
also occurs in the Puell Park-Sawnill area, a¢ 2 "very hard gray sandstone” vae
engountered at T8Y feet in a dry well drilled at the Sawmill in 1942 (pee table 2).
No drill cuttings from this well are available for examination,

The quartzite in Bonito Canyon is a dark-gray, generally fine-grained,
massive rock which commonly shows small-secale oross-dedding and ripple marks,
Oecasional thin conglomeratiec lences are irregularly distributed, ‘here the
contacts with the overlying Permian shales were observed the quartzite displays

an irregular but emoothly rounded surface,

Gregory, H, B,, Geology of the Navajo country--a recomnaissance of parts of
Arizona, New Mexico, and Usah: U, S, Gesl, Survey Prof, Paper 93, p. 1T,

1917.
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‘ The quartzite exposed in Bonito Oanyon 1s not water bearing, and the
quartzite (?) encountered in the deep well at the Sawmill did not yleld water.
Permian rocks

Lower menber of Cutler fomation
The Permian rocks cropping out in the wall of Buell Park are correlated

vith the Cutler formation of Momument Valley, Utah, The red beds vhich erop
out at the base of the section in the northemn and southern wallas econsist of
about 200 feet of dark-red, medium-grained, soft, thin-bedded sandstone with
gshaly partings, These outerops characteristically form precipitous, dark-red,
debris and vegetation-covered slopes, O, B, Roa.cﬁ/ of the Ceologie Division
suggests that the red bede exposed at Puel) Parl may be considered the
equivalent of the lover Supal formation of the Mogollon Rim of Arizona, the
Mesita Blanca memder of the Yeso fommation of New Mexieco, or the lower part

‘ of the Cutler formation of Momment Valley, Utah., In thie paper the redbeds
are designated as the lower menber of the Cutlar formation.,

Springs iame from Joints and along bedding planes in the lower member
of the Outler formation. Morgan Spring (¥-6, tadle 1) 1s a peremnial spring
south of the Sawmill. Springs BP-10 and HP-11 (tadle 1) also fssue from these
roeks, The rocke 414 not yield water to the deep well at the Sawmill,

Upper memder of Cutler formation

The massive sandstone which sverlies the lower memder of the Cutler forma~
tion with anparent conformity risee adruptly to form a sheer cliff nearly 350
feet hizh, It is correlated with the DeChelly sandstone member of the Cutler
fomation and 1s designated in thie report as the upper member of the Cutler
formation, In Puell Park the upper memder of the Cutler formation le readily

' Read, O, B., personal commnication, Dees, 10, 1948,
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separable into two distinet units. The lower 250 feet consists of orange-pink,
fine-grained, rather hard, massive sandstone exhiditing on its weathered
surfages large-scals tangential crogss-bedding, The upper 100 feet consists of
gray-broyn, fine-to-medium-grained, hard, relatively thin-bedded and bloeky
sandstone laid down in alternating flat- and cross-bedded strata. The crose~
bedding is characteristically of a rather flat sweeping nature, consisting of
long, thin, curved, parallel laminae sharply truncated at the top and tangen~
tial to a horiszontal surface at the bottom, The cross-bedding is remarkably
unifom throughout each bed in which it occoure,

Une spring isenes from the upper menber of the OCutler formation in the
Baell Park-Sawmill area (BP-7, tadle 1), Severel springs west of the area
issue from the upper part of the member, In Jpril 194, part of the discharge
of spring BP-10 wag derived from seepage out of the upper member of the Cutler
formation,

Triassic rocks
erat

The upper (1) Triassic Shinarump conglomerate disconformably overlies the
upper menber of the Cutler formation in the absence of the Moenkopl formation,
which is not recognized on the Defiance uplift, The Shinarump conglomerate
caps the rim of the Buell Park basin on the north and east, and fomms the dip-
glope surface of the eastern side of the Defiance wplift, Tarther sast, the
econglomerate disapnears beneath the Upper Triassic Chinle shales, which ocoupy
the broad Blaek Oreek Valley., The thickness of the Shinarump conglomerate has
been rednced by ernsion o a maximum of 80 feet on the eastern rim of Buell
Park, leaving only the dasal coarse sandetone, which loeally contalns conglomer-

atic lenses, The conglomerate consiste predominantly of quartz and quartszite
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‘ pebbles, Tt rounded fi'ments of chert, limestone, and petrified wood ogour

loeally. The predominant ecolor of the formation 1s light gray.

T™e Shinarump conglomerate probably is water bearing in Black Orsek
Valley, as the large outcrop area is ideally situated to receive recharge,
Water in the formatlion in this area is likely to be under artesian pressure,
Wo wells have been drilled to the Shinarump conglomerate in the area describded
in this report.

Chinle fommation

The Chinle formation conformably cverlies the Shinarump conglomerate and
ie composed primarily of altemating beds of soft, pink, purple, and gray
shales that weather readily into smooth clay-covered slopes and rounded knobe
and ridges. Intercalated with the shales are several relatively thin beds of
sundetone and an occasional thin bed of cherty limestone, Three major sand-
stone uni tg, ranging in thickness fyrom 15 %o 30 feet, extend as parallel ridges
for geveral miles along the floor of Black Creek Valley from the vieinity of
Window Rock to a point some distance north of Fert Defiance, The sandstones
are commonly coarse grained and are conglomeratic in places. The eatire Chinle
formation is approximately 1,500 feet thick in Black Creeck Valley.

In most areas the Chinle formation ylelds limited amounts of water that
fg falrly high in dissolved mineral content, The water-bearing charecter of
the formatfion in this part of Black Oreek Valley is unknown, tut it ie
believed that the sandetone members would yield water to wells in limited

quantitien,
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Jurassic and Cretacecous rocks

-

‘ The atratified rociks overlying the Chinle fomation include the Clen
Conyen group of Jurassie (1) age, the San Rafael group and the Morrison forma-
tion, of Jurassic age, and the Dakota (1) sandstone of Oretaceous age., These
rocks orop out only on the high ridge east of Black Creek Valley and dip
teward the east,

The Jurassic and Oretacesns rocks are not considered as possible sources
of water for the Buell Park-Sawmill area, becange they lie at too great a
M etance and dp away from the area. For these reasons, any water that might
be found in these rocks would be costly to develop and utilize as a supply
for the Puell Park-Saymill area, Small suppliés probadly could be developed
farther east for 16cal domestic and stock use, however, particularly from the
Dakota (1) sendetone and the massive sandstone member of the 3an Rafael groun.

' Maternary alluvium

™e surface of the Defiance Platean is covered dy a thin layer of sandy
g0ll ranging in thiekness from a few inches on the slopes to approximately
15 feet at the Tridal Sawmill, These devosits are of Qnaternary age. The
floor of Duell Park 1g comprised of fine sand and #ilt ranging in thickness
from & few inches to a maximum of 26 feet, These deposits are probadly of
Recent age. Thers is evidence to suggest that several eyeles of alluviation
and erosion have occurred prior to the present stage of downoutting. TRecent
alluvium of unknown thicknesg, consisting of fine sand, silt, and clay, is
exposed along the course of Black Cresk,

The alluvium in the Sawmill area is the source of water for both the
indnetrial supply and the school well (P} and ¥P-5, table 1). The three
shandoned wells at the Sawmill (BP-8, BP-9, and 18X-306, table 1) also

. obtained water from this material. Soringe farther upstream along the
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pringipal wash furnish a perennial supply of water to the alluvium., In Puell

Park, the alluvium is not known to be water bearing except along Peridot Creek.
The ereek is peremnial below spring BP-2 ($able 1), vhich rises in the alluvium
of the ereek bded., The source of this water may, however, be volcanic agglomer-
ate wnderiying the alluvium, In Black Oreek Valley a few dug wells obtain
water from the alluvium alou 1&.\ ereek,

The igneous rocks in the Buell Pari-Sawmill area, with the exception of

two intrusive dikes, are of volsanio origin, Gregoryl/ assigned them to the
Tertiary period as he did all the ignecus rocks in the Navajo country.

Tvidence developed during the present investigation indicates only that the
veleanie rocks in Buell Park are of post-Cretacecus age,
Agglomerate

A gray-green agglomerate of Tertiary (1) age underlies the alluvium in
Paell Park, This agglomerate contains fragments of igneous rock and angnlar
and rounded pebbles derived from the country reck. Most of the pebbles are
small and are composed of quartszite, chert, and slate. The matrix appears to
be tuffaceouns and eontains abundant olivine and garnet crystals. On the
weathered surface the rock is light green, soft, and friable. The ignecus
material flanking the dike that forms Peridot Rldge, and the knob in the
center of the valley, are also composed of agglomerate, dut are dark drownigh
groen and sppear to be more resistant than the roek underlying the alluvium,
The green color in all cases is imparted by the abundant olivine.

The agglomerate is the source of water for two of the prineipal springs
in Puell Park (EP-1 and BP-3, tadble 1). These springs issue directly from
the agglomerate in places where it has been cut below the water table by

Gregory, A, ®., op. eit., plate II,
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' erogion., Tast of spring BP-l is a swampy area several acres in extent, where
water stands at the surface in plages. A thin layer of alluvium has been
deposited over the agglomerate in this area,

It 1¢ doubtful that the springs in Buell Park derive thelr supply seclely
from recharge directly on the exposed surfage of the agglomerate., Direct
recharge occurs as a remult of precipitation on the outerop area and of
infiltration from stream flov in the upper reaches of Peridot Creek. Recharge
from these sources is considered to de insufficient to maintain the flow of
the springs. It is bdelieved, therefore, that the agglomerate filling the
depression of Buell Park collects and stores water partly from the less
permeable surrounding sandstone and partly from direet recharge.

Lava flows

The lavas of Sterrett Mesa and Buell Mountain (pl, 1) range from a

@ 1icht-gray porphyry containing phenoerysts of olivine and bdlotite to a black,
vesicular bagalt containing bombs and other pyroclastic fragnents. These
lavas are of Tertiary (1) age, and are remnants of flows vhich probabdly entered
the area from the north. The lavas in the Puell Park-Sawmill area are not
water bearing as they lie well above the water table,

| Dikes

The basic dike forming the dackbone of Peridot Ridge (pl. 1) parallels the
south and east walls of the basin for nearly 2 miles. The dike dips away from
the center of the valley at an angle of about 30°. The width ranges from 5 to
50 feet. The rock composing the dike is nearly black, very fine grained, hard,
brittle, and weathers to a rusty dark gray. On the dasis of field examination
i% ig classified as diabase,

A minor dike that strikes N.15°W, from the west end of Peridot Eldge is

‘ made up of a light-gray porphyry containing phenserysts of olivine and biotite,
The dblotite has a dark reddigh-brown luster. This same dike or one very similar

crops out in the south flank of Sterrett Mesa.
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The dikes in Buell Park are not water bearing and cannot de classed as
‘ aquifers, However, the major dike has retarded downcutting of Peridot Creek,
retards sastvard movement of ground water in the agglomerate, and raises the
water $able in Buell Park, Consequently the dike is believed to de an
fmportant factor in determining the location and maintaining the flow of the

principal springs,

Structure
The Defiange uplift is the major strustural feature of the Buell Park-
Savmill srea. The uplift has been deserided by Oregorys/, and by earlier
visitors to the region, as a monoclinal fold that trends generally north for
a digtance of nearly 200 miles along the eastern border of northern Arisona,
The reglonal strueture is best observed in the walls of Puell Park and in the
deep canyons cut inte the dip alope of the wplift by Peridot and Bonite Creeks,
‘ Dips ranging from 10° to 15° to the east wers measured in those localities.
Loeal stmetural features in the area are limited to Buell Park, The
park has deen deserided both a¢ a voleanie ventd and as a camldron subsidencell/,
The theory of voleanic origin indicates that the volcanic agglomerate grades
dowayard into an increasingly dense lpmi mnage. The theory of subsidence
mggests that an unknown thickness of agglomerate is underlain dy a btlock of
sandstone that, due to its greater weight, sank into the magma. There is
evidence to support both theories, and only subsurface examination, by means
of test holes or geophysical probes, can detémine which 1s correct.

Gregory, E. E., op. eit., p. 111,
Telem i

{/.","0 no '-o on. ‘1‘”' P 9“.

11ians, Howel, Pliocene volcanoces of the Navajo~Hopi country: Geol. Soe.
America Bull., vol. 47, mo. 1, pp. 1M1-143, Jamuary 31, 1936.
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A shallow, easterly plunging syncline is evident in Buell Park. In the
east wall of the park, the north limd of the synsline dips 4° to the south.
The trough of the syneline ig occupied by Peridot Oreek. South of the ereck
the beds rise at an angle of 10° to form the south 1imd, At the axis of the
syneline, the lower member of the Cutler formation and the entire lower unis
of the upper member disappear bHeneath the surface.

The only relationshipe suggestive of faulting in the Buell Park-Sawmill
area were found in the northwest quarter of Duell Park, There an estimated
75 to 100 feet of lava flows rest in vertical contact agalnst the sandstone
forming the wall of the park. The flow rodks dip and thicken appreciably
toward the center of the park, 3Belov the flows, a mass of agglomerate, pre-
gerved from erosion by the resistant capping, riges nearly to the rim,
Pronounced slickensiding was observed in the agglomerate, in szones parallel to
the sandstone walls of the park. YNo lava remains on the sandstone surrounding
the park, although the flows must originally have covered an extensive area.
It 1s believed that at the time the lavas flowed into the area, probably from
the north, there was already a depression where the park now exists, Lavas
flowed into the depression, Whether as a result of the additional load se
imposed, or from some undetermined cause, the mass of agglomerate within the
park area subdbsided, causing downfamnlting of the lava flows in a seale of
about 100 feet.

The subterranesn forces that created Buell Park produced no detectadle
evidence of fanlting in the surrounding strata., What appears to bde a slump
BPloek lies against the north wall of the valley. The block ineludes rocks of
the upper member of the Outler formation and the overlying Shinarump conglomer-
ate, The strike of this slump or mimor fault is roughly northeast and can be
traced for several hundred feet. The disturbance appears to be relatively

regent.
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a WATER SUPPLIES
o Sorings in Buell Park

The following table summarizes measurements of discharge of the three
prineipal springs in Buell Park:

. Gallons per mimte

HP-1 P BPw T
et 3, 1948 | 17 1% ¥ 5E 7
dor, 14, 1949 20 178 110 | 308
June 5, 1040 17 192 99 | 38

The minimum discharge of spring BP-10 ie estimated to be 20 gallons per mimte,

and of soring BP<11, 10 gallons per minute., These two springs need not be con-
sidered at this time as a source of water either for the Sawmill or for the
proposed school,

A large mmber of seedling trees was planted along Peridot Creek in the
spring of 1949, apparently as a means of bank protection against fleods, If
these plants eventually become heavy users of ground water, the water supply now

. available for domestic use in Buell Park will be greatly reduced.
Iresent Sawmill supply

Well ¥P-l (see pl. 1 and table 1) now furnishes water for the steam boilers
and the log pond at the Saymill. The well consists of a sump, about 30 feet in
diameter and 8 feet deep, dug into the alluvium of the principal wash in the
viginity, about 3,000 feet downstream from the mill., A low dam set on bedrock
below the sump prevents underflow from moving downstream. In times of low sur-
face flows all of the stream discharge is captured by the well, and in times of
higher surface flows the excess water passes over & spillway in the underflow
dam, The vash {s reported to be dry about a month each year at well EP-l but
flows most of the year upstream opposite well BP=5 (pl. 1). The underflow supply-
ing well BP-l ig derived from perennial surface flows upstream and from infiltra-

. tion at the log pond,

In April 1949 the sump was being pumped at a rate of 62 gallons per mimte
for about 12 hours each day, emuivalent to a dally rate of about 44,600 galloens,

A swempy area a few hundred feet upstream from the well
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' supports a luxuriant growth of graseses that waste ground water by transpiration.

If the water table in the swamp were lowered by draining, the amount of water
transpired by the plants would be reduced and the output of the well (BP-Y)
ecould be inersased.

Well 3P« (pl, 1) supplies vater for the school and for the commumnity at
the Sawmill, The well has bdeen dug in alluvial fi11 at the edge of a wash,
A pumping test was made on this well on April 1819, 1949, The average dis-
charge wvas 29 gallons per mimute and the maximum dravdown was 4,9 feet, Prier
to the test the standing water level in the well was 3.T% feet below the floor
of the well house, and was at an elevation approximately equal to the slevation
of the creek ded. During the test, discharge measurements were made in the
ereclke to detemine if pumping the well would reduece the flow. However, a
sleat storm on the day of the test produced runoff that caused a rise in the
eresk and made the measurements valueless. On the dasis of data collected
during the pumping test the coefficient of transmissidility of the aquifer
was computed to de 1,800 gallons per day per square foot at unit hydraulie
gradient, The gradient of the atrean was determined to be 82 feet per mile,
and the average width of the alluvium t6 be abous 350 feet., On the basis of
these figures, the underflow of the creek em April 18, 1949, was caleoulated
to be about 9,500 gallens per day. The well normally was being pumped about
€ houre each day at a rate of 29 gallons per mimute, which is about 10,500
galleong per day. It is odvious that pumping the well must decrease the flow
of the ereek, It is concluded that the minimum dally dissharge that oan de
expected from the well is no mere than 10,000 gallons per day.
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Springs near Sawmill
The investigation inmcluded a study of all the springs in the Buell Parie-

Sawnill area., At the time this phase of the field work was being done, smow
on the Defiange Platean was melting and mumersus temporary springs were noted.
The $wo prineipal peremnial springs outside Buell Park (BP-6 and BP-7) ave
deseribed in table 1. R, K, Rupkey of the 0ffice of Indian Affairs measured
the diseharge of spring -6 twice in 19462/ and found 1% to be 175 gallons
per mimite on April € and 850 gallons per mimute on June 11, The dlscharge on
Ogtober 25, 1948, was estimated by the suthors of this paper to be about 100
gallons per mimute, and on April 14, 1949, the measured discharge was 168
gallons per mimnte, Mr. Rupkey estimated that a minimum of 100 galloneg per
minute could be developed at the point where the measurements were made by
capturing all the surface flow and by reducing underflow and transpiration,
The later measurements made by the amuthors of this paper corrborate
Mr, Rupkey's findings. Assuming that 100 galleons per mimute could be developed
from this spring, the ylald would be 144,000 gallons per day.

The minisum discharge of spring BP-T7 was 3 gallons per mimute, meagured
on Ogtober 25, 1948, It is coneluded that thig spring is of little value as

a soarce of water for the Sawmill.
Q@ALITY OF WATER

By J. D, Eem

The quality of ground water in the Buell Park-Sawmill area is indicated
by the analyses of 13 samples contained in tadle 3. The immediate souree of
wvater in wells BP-Y4 and BP-5 is Quaternary alluvium in the Sawmill area.

Rupkey, R, K., op. eit., p. &,
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Spring BP-2, which rigses in the bed of Peridot Creek, also is reported to ismme
from alluvimm, Springs 3.1 and BP-3 issue from voloanic agglomerate in
Buell Park, Spring BP-T isgues from the upper member of the Cutler fommation
in the Sawmill area, and springs BP-6 and EP-11 issue from the lower member of
the Cutler formation. Spring HP-10, located at the contact between the upper
and lower members, apparently odtains water from both members,

The water from the wells in alluvium in the vieinity of the Sawmill con-
tains approximately 300 parte per million of dissolved solids, The water con-
tains moetly caleium and blcarbonate and is low in silica. On the basis of the
analyses avallable, water from the upper member of the Outler formation is
similar in chemical character to water from the alluvium., However, the two
avallable samplee have a rather wide range of dissolved solids concentration,
from 176 to 434 parte per million, The similarity of waters from the alluvium
and from the upper member of the Outler fomation indlcates the possibility
that the water in the alluvium originates as seepage from the upper member of
the Cutler formation,

Water from the lower member of the Cutler formation (analyses BP-6 and
BP-11) appears to be similar in chemical character to water from the wpper
member., However, water from the lower member has a somewhat lower chloride-
sulfate ratie than water from the upper member, even though both these anions
constitute = comparatively minor part of the dissolved solids in the water
from both members, The first of the two samples from spring EP-10 showe the
quality of water from the upper member, and the second of these samples shows
the resul ting change in chemical character when water from the upper nember

ie nized with water from the lower member of the formation,
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Water from the agglomerate in Buegll Paric contains nodoujo amounts of
dissolved solids but ie¢ distinetly differemnt in chemical character from the
vaters of the sedimentary rocks. A rather large proportion of the diesolved
matber consists of siliea, vhich s not ummmsl in water from igmeous rocks.
More than 10 percent of the digsolved matter in water from spring BP-1 ig
silica. The principal cation in water fron the agglomerate is magnesium and
the principal anion bicardonate, but the water from spring BP-3 containg |
larger amounts of sodlum and sulfate than water from spring 2P-1. The magne~
siun in these waters probably comes from decompoasition of olivine which is &
comnon mineral in the agglomerate.

The chemical charagter of water from spring BP-2 closely resembles that
of water from the agglomerate,

Quality of water in velabion to ase
il Although all the waters analyzed are hard, they may be considered of good
gality for domestic use on the basis of digsolved solids content. None of
the waters contain excessive coneentrations of fluoride.

Water from the agglomerate in Buell Park probabdly would be less desirable
for boller use than water of comparable hardness from the alluvium in the
Sawmill area becanse of the higher concentrations of silica in the Buell Fark
water. S5ilica is deposited as a component of boiler seale.

POSSIBILITIES OF IBVELOPING ADDITIONAL VATER SUPPLIRS
Bugll Paxk

Assuning that the minimum amount of water available from the three springs
in Buell Park (BP-1, 2, 3) is 80 percent of the lowest measured discharge, the
total amount that could be produced from all three springs would be about 200
gallons per mimte, and the total amount that could be produced from springs

‘ BP-l and BP-2 would bBe about 125 gallome per mimite. On the dasie of a dally
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‘ rate of consumption of 150 galloms per capita, all three springs would support

a population of 1,920, and springs BP-1 and WP-2 would support a population of
1,200,

Plate 1 shows that spring BP-3 18 at the eastern edge of Buell Park near
the only drainage outlet, If a community is constructed within the park, some
provigion must be made for disposal of sewage wastes, If these wastes are
dissipated within the park, the flow of spring IP-3 may eventually become
contaminated, If the wastes are earried by pipe line down the outlet canyon
below the spring, there is little denger of sontamination. A possible alterna-
tive would be to develop springs EP-l and EP-2 for a domestic supply and %o
develop spring IP-3 as a power plant and garden supply.

If the school is built near Fort Deflance as originally planned, the water
mapply in Buell Park could be collected into & pipe line and would flow by
gravity to the school site. 4bout 14 miles of pipe line would de remired,

Saymill aves

Az 2 remlt of the investigation by the Geological Survey the present
writers concur in Ripkey'sl2/ recommendation that Morgan Spring (BP-6) de
developed as a supplemental water supply for the Tribal Sawmill, The antiei-
pated water demand after expansion of the mill and commnity has beem estinated
to be 180,000 gallons per day. The existing supplies are capable of producing
a ninimum of about 50,000 gallons per day. The estimated potential of Morgan
Spring 1s 114,000 gallons per day, which gives a margin of 14,000 gallons per
day more than the anticipated demand.

The altitude of the water surface at Morgan Spring 1s 225 feet lower than
the top of the Sawmill storage tank., The distance is 2} miles.

A
‘ Rapkey, R, H., op. eit., pp. 8-11.,
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In the event that the water demand after expansion exceeds 120,000 gallons
per day, 1t might be advisable to construct part of the community housing
facilities in Buell Park, vhere a water supply can de developed.

CONCLUSIONS AND RECOMMENDATIONS

1. 4bout 270,000 gallons of water per day will be needed to supply a
proposed school to be btuilt either near Fort Defiance or in Buell Park,

2. It is concluded that three springs in Buell Park can de developed %o
supply a minimum of 200 gallons per mimute or 288,000 gallens per day, provided
adequate precamtions are taken to prevent contamination of one of the springs
by sewage wastes. Water from these spPings is considered suitable for domestie
uge, although hard. The water supply is considered adequate to warrant con-
struction of the proposed school,

3. About 180,000 gallons of water per day will be needed at the Nawvajo
Tribal Sawmill after the mill and community are enlarged. The existing water
supply will yield a minimum of about 50,000 gallons per day.

4, It is concluded that a spring 2} miles south of the Sawmill could be
developed to supply a minimum of 100 gallons per mimute or 144,000 zallons per
day. The pump 1ift from this spring to the existing tank at the Sawmill would
be about 225 feet. Water from this epring is considered suitable for domestie
use, Although hard, this water is slightly softer than the water now being
used, The sunply obtainabdle from this epring is considered adequate to
warrent proceeding with the planned expansion program at the Sawmill,
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Table 1,.~-Records of vollt'nd springs in Buell Parh-Sa\nﬂ’ms. hp.cho County,

~
v

-~

Well or Loecation  Oynmer Driller | Date | Altitude Depth = Diameber

spring (nilee from | eomple- above of of
no, | Tridval - ted | sea level well = well
Sawmill) . (feet) (feet)  (in,)

e/mp-1 3.9 ¥, | Wavajo Service - - 7152 - -
gz 3 .| TR . R SO
Y; 2 R R R do. SR S O] i P RO -
offFl B85 Tridal Sawniil] e = T hew 13 | 240
Py f .5 ¥  Navajo Service et - 7.028 20 120
Y NN do. - - 7.0 - -
Y2 8 ¥ do. | - = T - g

"m‘-a v 3. i SRS M NS WO AR ¢

D, domestie; 3, stock; I, irrigation; Ind,, industrial; P, public supply;
N, not used.
&/ See table 3 for analysis of water sample.

‘e/ ¥, none; C, cylinder; G, gasoline; mumber indicates horsepower.
b/
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H, A, "Yhiteomd, and S, F. Tumrner

&;morh obtained by L., €, Halpemny,
™V

eve.

| spring below of and of
' ' no, measur- measure- power water
ing point ment a8/ B/

Yater level
| Well or Depth  Date Pump Uge T‘dp
T

Remarks

Spring in Buell Park, Ismes from agglom-
erate at base of hill near center of valley.
Measured discharge: 17 gallons per mimte
on Ogt. 3, 19U8; 20 gallons per mimite on
or, 14, 12:9; 17 gallons per mimte on

June 19
Spring in Duell Park, lsmues from agglom-
erate in bed of Peridot Creek, MNeasured

~ disgharge: 1% gallons per mimte on
Oet. 3, 1948; 178 gallons per mimite on
ipr, 13, 139%9; 192 gallons per mimute on
June 1949,

(feet)
BP-1 Mows - N D5 | 54
¥-2 | do. B ¥ 9,5, 5%
-3 i, = ¥ D,5,1 53

Spring in Buell Park, Issues from agglom-
| erate in bed of wash tridutary to Peridot
Oreekk, MHeasured discharge: 80 gallons per
- mimate on Oct, 3, 1948; 110 gallons per min-
ute on dpr. 14, 19%9; 99 gallens per mimute
_on & 1949

‘3"_‘? §.35 Oet. 25, 0,8, Ima. 52

" Supplies log pond and mill at Tribal Sawmill,
Dug pit; intercepts surface flow and under-

- flow of prineipal wash at Sawmill, The sup-
ply ig partially sustained by infiltration
from log pond at mill upstream, !Heasured
digargos 62 gallons per mimute on Apr. 15,

1948 20
BP=5 5. 50 do, ©,0, P 62
3

Sehool well; supplies entirs commmnity at
Saymill, Dug rock-lined calssen at edge of
. wash, Measured drawvdown: 1,90 feet, pump-
lons per mi

) = g o ¥ 5,8 %

) M - ¥ D8 3 W01l Seep" Spring., Teeues from upper member

~ Morgan Spring. Isesunes from lower mem o
Cutler formation in bed of wash, Measured
| disoh.lx{gﬂ 168 gallons per mimte on

- of Cutler formation in bed of wash., Eetim-
ated discharge: 3 gallone per mimate on

. Oet, 25, 1948, Neasured discharge: 22} gald
long per mimte on Apr. 1M, 1040,

Tormer water supply for mill at Sawmill; now

' abandoned. Measured drawdown: 13,4 feet,
pumping 4 gallons per mimte on Mar, 30,1949

~ Bottom of well is at upper surface of lower
member of Cutler formation; obtains water

from alluvium,
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Table 1,~Records of wells and springs in Buell Park-Sawmill area, Apache County,
M!.OCOIW.

(Wwwmwm“.

i { ! i ! ;
Well or Location | Owner | Driller Date | Altitude Depth Diameter
spring |(miles from | 'comple- above | of | of
no. Tribel | ‘ted  sea level well @ well
Sawnill) | | (feet) (feet) (in,)
z* | %
Bp-9 | «2 NV  Navajo Serviee ~ L - 7,607+ | 12 | 72
/@10 | %2%% | 4. R R s Y M S
i i i f ; g
; | ; .: |
¢/l | Wise | do. ' = = | T.2507 - TR
! ! i )
E : ; ;
z | : |
é : : ; :
18K-306 | 0 P “Burt Oravath 1042 | 71,5081 805 123
| el i

al ¥, nﬁc: ¢, eylinder; G, gasoline; mumber indicates horsepower.
B/ D, domestie; S, stock; I, irrigation; Ind., industrial; P, public supply;

¥, not used,

g/ See table 3 for analysis of water sample.
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Records obtained by L, C, Halpeany, H, A, Whitecomd, and S, ¥, Turner

Vater 1%
Well or Depth  Date

Remarks

Tormer donmestic supply for residents of

Sawmill commnity; now abandoned. Obtal

ium,

gater from alluyium

Spring in Buell Park, Seens from doth
‘menbers of Outler formation for 4} miles
along upper Peridot Creek., Moy is seaso

al? on Dec. 8, 10U8, the estimated dis-

| charge was 20 gallons per mimute; on Jdpr.

16, 1949, the meamured Alscharge was 178
r minute,

Pump ‘Uu "T-p.
mpring below of and of | °F,
n0, measur- measure- power water
ing point ment a/ B/
(feet) :
=g - o B IR -
o | Hewm | - W7 [ %
W11 " VRES Eeg T SIR K M

Zallons per mim

“9pring in Buell Park. Isgues from top of
' 1ower member of Cutler fomation,
ated discharge:
 Dee, 8, 1948; 20 gallons per mimte on

Fatin-
10 gallons per mimte on

o

1#K-306  3.00 Mar, 30, ¥ | ® | =
' 1949 ; - Cutler fomation; was perforated opposite

30 gellong per minute,

ed well, Did not produce water frem

alluvium and is reported to have ylelded
How abandoned.

| See log, table 2,
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Table 2,-Driller's log of well 18K-306, at Favajo Tribal Sawmill,
Apache County, Ariz,

Very hard gray sandstone 14 ng i
TMine-grained quruito 0 B
TOTAL DRPTH - ~ - - - s

Thickness Depth

(feet) (fgot)
Alwvtal 111 = - = = = 15 | 18
Light-red sandstons - - e
1i ght-red sandy shale - N 39 i
Light-red sandstone - - 8 | 3 |
Rod ghale = = = = = = = 19 | 62 |
Very hard reddish-brown i i
pandetone - ~ = = - = 702 | T6M |
T4 ht-pray sandstone - g | 762 |
Reddigh=-Lrown sandstone 15 | 78 f
I

Driller renorted: "Hardeet formations ||
encountered in 25 years of drilling on /|
Wavajo Reservation", Probably f
encountered pre-Cambrian quartsite at ,
784 foot, : i

i H




*(£00) @4vuoqawo wdd | seputouy /6

*vose aPwdses jo pue Jeddn zwey [P

*(£00) eswuogaevs wdd ¢z sepurouy /¥ *(£00) eseucqaes wdd o sepnpuy /5

*C=df PUT Z~gu JO AOTs peupquop /I *(£00) egrucqaws wdd 12 sepnpuy /4
‘wage 8fvises jo pue xemol 3y /T "Bl IuACD OTFU :.\n Pe309[100

292 @y g le lsroler imac | g ] o ]
853 ﬂ.w.r Bt S E I : o B .Wr mm BRI Lm% :
'ﬂw e 10 o |IT ] W 00 T R R ot
7 Dk N M o B i W ;L1 SBIR + S v Sl L T Gl SRR AR
RS  CBIR MMt BT R fe 0 | N Tk O WAL o At e, 0 Meid
@ | sz lewie 16 ls | o ! € |orisc | et | G |
Ohg g9z 1z | - iaxoifrl € " S B S A O ot ]
- - s L) e O I O 5 AR R LR SR DR R
862 wf 2| | RO Ny A DU S SR e
- TR MRS O M | [ 99 wwﬂow. o1 N
882 (W W | SRR | W Y B9
7 & TR Y ¢ BEERE SR S e L L6 wwmﬁi“ ! Lm%l_
Q.= we 6z 0 L (m| ! & ..»Inm_womwﬁm 8Gh
4 5 : T (ITeR) | (OW) | " ( Oghe ¥° |
fogep sw (fom) | (@) (1) [(hos) | (foom) | misswieg wmis  (wp) | soymoxogw)
sgsupavy SPITO8 94uXy  ePIX  9PIX | 9%e7  e3Tueq pue | -ou | wmpo  (S0%8) ‘SoUBIOTPUOD UWOPIONL[0D X0
TP305 POATOSSTq | -y -ORy -OTW)  —[W§ ~-I¥0lg = wappog 9@y -Te) WOTLIs  OuIeds  jo egEy _TIea
_ (*o0uvyoWuas 51570008 0008 WO ((TW 390 SLI0T)

("t °1q®% wp pue [ egeyd uo sxoqumm 04 puodseszod szoqumy)
feaang TeorForosy Lq sesiyeuy
"3y ‘Lyunop eyPedy ‘vexv [ypmawg-Reg [leng up ¢Fuixds puw STTEA WOIF JejEA JO sesfyuv~-"{ 9Iq¥:

o &

’ .. ‘, e
; TS _




