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A. N. Sayre, Washington, D. C.
Through S. F. Turner
H. A. Whitcomb, Tucson, Arizona

April 20, 1950

Transmittal of reports "Water-suwly investigation of the Buell Parto- 
Sawalll area, Navajo Indian Beaarvatioa, Anafihe County, Arizona."

I enclose the original and one oarboii copy of tuie report for editing, 
for release first to the Office of Indian Affaire and later to the open file.

Copies of the report are being sent for review to Kessrs. Theia, Howard, 
Hem, and. Bead. They have been requested to eend their criticisms directly to 
Washington.

Harold A. Whit comb 
Geologi at

cc: C. V. Thtlt
J. D. Hen
C. S. Howard
C. B. Read
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The Buell Park- Sawmill area was studied fcy the Ground '*ater Branch of the 

Geological Surrey in 19Ug-l49, in an effort to locate additional water supplies, 

The work was part of a program which includes a reconnaissance investigation of 

the ground-water resources of the Havajo and Hopi Indian Reservations and 

special studies in areas where epecific problems require immediate attention.

The work in the Buell Park-Sawmill area was begun in order to determine 

if springs in Buell Park could be developed ae a supplemental supply for & 

->nno0ed school near Tort Defiance. At the request of the Navajo Service, the 

eeor>e of the investigation was enlarged to include the ar«-a near the Navajo 

Tribal Sawmill, 3 miles west of Buell Park. TSxpannion of the Sawmill is con 

templated, which will create a demand for additional water. Because the Buell 

Park and Sawmill areas are contiguous, the results of both investigations are 

included in this report.

Location

The Buell Park- Sawmill area is located near the crest of the Defiance 

uplift, on the eastern margin of the Defiance Plateau, in Apache County, 

Arizona. The altltoide at the "awraill is about 7t600 feet, and in Buell ?ark, 

about 7,200 feet. An improved gravel road connects the Sawmill with Fort 

Defiance, 13 miles to the south. Buell Park can be reached by wagon trails 

from the Sawmill-Fort Defiance road and the Black Creek Valley road (aee pi. l).

?OT>ography and .

The Defiance Plateau is a high table land extending for nearly 100 mile* 

along the eastern border of northern Arizona. -o t »' 3 > r't f e Ml-tbeau 

terminates in a long, regular, rather steep dip slope which forms the western 

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

kChlnle Valley.



The topography of the Buell Park-Sawmill area la characteristically flat 

or frently rolling. Locally, the surface has been dissected by eastward flow 

ing streams, as at Buell Park and at Bonito Canyon near Fort Defiance.

Baell Park is a circular depression, approximately 3 miles in diaaeter, 

on the extreme eastern edge of the Defiance Plateau. This natural amphitheater 

is sunk into massive sandstones whose sheer, salmon-pink walls rim the Talley 

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 breached the walls 

in two places. The creek enters on the western side, through a deep, narrow 

canyon. A second canyon of ouch smaller proportions provides an eastern exit. 

Within the park, the stress) is entrenched. Three springs, issuing from the 

Talley floor, provide a perennial flow to the creek.

Climate

Ho records of the temperature or rainfall in the Buell Park-Sawmill area 

are available. According to records of the U. d. '-f'euther Bureea, collected 

at fort Defiance, which is the nearest station and has an altitude of 6, 

feet, the mean annual temperature is U9 degrees Fahrenheit. The ^rsci 

at Ibrt Defiance is 13 inches a year, including Uo inches of snow. AS the 

altitude at Sawmill is abont 7,600 feet, or 75> f««t higher than at Fort 

Defiance, it is probable that the mean annual temperature is lower and the 

annual precipitation is higher at the Sawmill than at Fort Defiance. Summers 

are oool and winters are usually severe, with heavy snows. The area is in the 

vegetation tone of the ponderosa pine, which supplies the timber for the 

Sawmill.
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Summary of nrobleag

Two nrobleras ware considered during the investigation.

The first problem was to deterfrfn* ^«^^r the springs in Baell Park 

eould ba developed at a supply for a proposed school and community with a total 

nfrnulation of abent 1,800. /mourning a daily rate of usa of 150 gallons per 

person, a continuous supply of about 180 gallons par minute would ba naadad. 

An investigation of the Fort Defiance area!/ shoved that up rings in that area 

would yield barely sufficient water to su-nrply the existing community and the 

propoead new school. After visiting Baall i-aric, officials of the Navajo 

Service suggested that the school be built there rather than near Fort Defiance, 

nrovided that sufficient water could be developed.

The second problem considered during the investigation was to determine 

whether sufficient water would be available to warrant enlargement of the 

tribal Sawmill. It was estimated by P.. H. Bapkey£/ in 19U6 that the average 

water requirement at the Saieiill was 55*000 gallons per day, including mill 

operations anA domestic confltunntion. The water requirement after enlargement 

of the mill and community was estimated to be 180*000 gallons per dayi/, 

equivalent to a continuous su-oply of about 1?5 gallons per minute. The report 

etates that the existing supplies would yield a minimum of about 50.000 eallons 

per day, and that sufficient additional water could be developed in the area 

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

Halrtaany, 1. C. , anfl Brown, ". o. , vater- supply investigation of *ort Defiance 
area, Navajc Indian Reservation, Apache County, Arizona: U. S. Geol. Surrey 
(mimeographed) , r>. 10, March

, R. H. , Water supply, Hava^o Tribal Saunill, Havajo Indian R«««rrationi 
Office of Indian Affairs (typewritten), r>. 3, July 1?, 19U6.

I/
, R. H. , op. cit., p. 5-



occurred at the time the Geological Survey was investigating the water supplies 

in Buell Park, and the authors of this paper were requested to expand the 

scope of their investigation to include the Semlll area.

A preliminary report on the Savnlll oreaZ/ was vrenared before the investi 

gation was completed. The conclusions given in the preliminary report have not 

been changed as a result of completion of the field work.

and

Field work «as Began in the late fall of 1$U8, but was intsrropted 

umsually heavy snowa flnrinj? January and Tebraary lollo and by the 

heavy runoff during tae early T>art of K*.rcu. -i*e field work was completed in 

the late spring of 19^9 with the exception of a program of periodie netsuronents 

of the discharge of each of the springs in the area.

Field work included e. study of the geologic structure and stratigraphy of 

the region und the ^reparation of a geologic Map (r>l. 1). The discharge of 

each spring in the area was measures., onu. a jsuapius test was made on the 

Setfaill school well. The altitude of each veil and spring was determined from 

a plane-tibl* tr.wftrse (« « tahle 1). Water aa-tmloa were collected, and were 

analysed in the laboratory of the 4udity of -uter ^r^ach, Alta<faerque, Hov 

Mexico.

Field work was done by K. A. Whiten ^, ^-eclegist, L. C. Halpenny, engineer, 

and R. J. Brake, engineering aide. S. I1. Turner, district engineer for ground- 

water investigation;; in Arizona, revi?»re<1' the field work and the report. 

0. B. Read, in charge 01' tue .dbuquerque c ^f the 7uel» Branch, (VolOi*te 

Division, reviewed the field work and the report with respact to stratigraphy. 

J, !). H*m, fllKtrict chemist ef the iiality of Tatar Branch, wrote the section

on quality of water.

5F
Halpenny, L. C., and vhiteomb, H. A., Memorandum on status of water-supply 
investigation of Sanmill area, Havajo Indian Heservation, iwache County, 
Arizona: U. S. ffeol. Survey (typewrltteB), 3pp., -April



GTOLOQY AID 

The stratigrarihic section exposed in the region ia as follow**

qpAffSRNABT decent oLlnvto» 

fim!TAir»TJ3 Dakota (?) sandstone

 J ;T~Uo3lC Morrison formation
San Haf ael frroup

JOTUS&IC (?) i (Jan/on f^r*

TBUSSIC Chinle formation
Shinjtnssp conglomerate

T7pr>er member of Oatler formation 
1,0-ver raeraber of Cutler formation

Of these rock unitf "" "Tut the qpiarttitc ure yipo««d in the area ahown on 

the aoeoai}anylng geologic asp (pi. l). The quarttite ie exposed in Bonito 

» a few milea ssuth of the Trioal ia^.Ul.

Sedimentary rook.8 and their v/uter-boia'ing,

Pre-Canbrian (?) ro«kt

In ^onito Canyon, abovit 8 miles §out v "* *he Savaill, Permian strata reet 

tinconfoimably nr>on r-re-Cjatbrlan (?) quart site. It iff Relieved that the quart site 

aleo occur* in th» Buell ?arte-Sawmill are?., =p a "rery har<? gray eandetoae" vae 

enoonnteree at 78^ feet in a dry veil driliea at the ;: 1- ^ ! '-J (see table 2), 

Ho drill cuttinge frov thle well are available for examination.

The qtiarttite in Bonito Otnyon la a flarfc-^ray, pen«rnlly fine-grained, 

 aeaive rock which ooatnonly shove emoll-rc .', »;-.-n» a- bedding and ripple marke. 

Oeeaaion&l thin congloneratio lenites are irre^larly distributed, ' .'here the 

contacto \dth the overlying Permian shale a were 'i'bRfirved the quartzlte display* 

an irregular but smoothly rounded surface.

57
, H, B. , Oeology of the Karajo cotmtry  a reoonnaiasanoe of parts of 
, NevM#3cico, and Utah I U. S. Geol. 3urvey Prof . Paper 93, p. 17.

1917.
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The quart zite exposed in "Bonito Canyon is not water bearing, and the 

quartzlta (?) encountered In the deep well at the Sawmill did not yield water.

Persian roekt 

Lower member of Cut! er fomation

fh* Eermlan roeka crormin? out in the vail of Buell Park are correlated 

with the Oatler fomatlon of Monument Valley, ^ ^e red bed* idilch crop 

out at t'-.ft base of the section In the northern and southern vails consist of 

about <T\n f«»t of dark-rei*, " e^lnm-rralnftt*. soft,, thin-bedded sandstone with 

shaly T^jrt' ws. These outcrops characteristically few precipitous, lark-red, 

debris anr» vegetatlon-coTercd slopee. ."-.eaas/ of the Geolofic Pirlelon 

suggest c yJ .oit the red beda exposed at BifT1 r>«^v- may be considered the 

eqairalent of the Lower Sucpai formation of the nogollon Iiim of Arizona, the 

Heslta Blancu raerabor of tho Teeo formation of New Mexico, or the lower part 

of the Cutler forniiitlon of Monument Valley, Utah. In thle pn~   ̂ e redbeda 

are dasl^nated an the lower nenber of the Outler formation.

Springe iaflua fron Joints and alorv? beddinf -planes In the lower 

of the (hitler formation. Morgan Sprin -'',, table 1) !  a perennieu. 

south of the Sawmill. Sr>rln£s BP-10 and 3P-11 (table l) aleo Ismie fron theee 

roc^s. ""hs rock« did nnt yield water to t^1 * ^ '^ veil at the Sawnlll. 

T^per 'aem'ber of Cutler forraatlon

The ma»slT« sandstone lAleh orcrllee the lower mewber of the Outler femar- 

tion wit* arrmarent conformity rites abren*1 " *~ form a eheer cliff ne&trly 

feet Hi;':'-:. It la correlated vith the I>eOhe>.ly sandstone aenber of the 

fowiation rm«< Is (»eal pnated In this r«nort as the ttpmer member of the Outler 

formation. In Duell Park the upper member of the Cutler formation ie readily

Aead,  *>. 3. , "<*rs'mal «onBimnl cation, Dec. 10,
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separable into two distinct unit*. The lower 290 feet consists of orange-pink, 

find-grained, rather hard, nasal ve sandstone exhibiting on Its weathered 

surfaoea large-scale tangential cross-bedding. The upr>er 100 feet consist a of 

gray-brown, finft-to-mediun-grained, hard, relatively thin-bedded and block/ 

sandstone laid down in alternating flat- and crosa-beddod strata. The crose- 

be&dliu? is characteristically of a rather  T, it rivea-olnAr natures, consisting of 

lon£, thin, curved, parallel laminae sharply truncated at the top *ad tangOft- 

tial to a horlfontal aurface at the botton. ?he cross-bedding it remarkably 

unifora throufhout each bed in which it ore"r".

One aprins issues from the upper n^ner :f the Cutler formation in the 

faell Park-Sftvmlll area (BP-7, table 1). 3evercd springs west of the area 

issue .,> "  ? the upper part of the member. " . .<5>ril 15'*t/i part of the ux .... e 

of spring BP-10 was derived from neepage out of the upper member of the Sutler 

formation.

Triaspic rocka 

qiulomerate

upper (?) rriassie ahinarufflp conglomerate disco nforaably overlies,  *, 

menber of the Cutler formation in the abnenc« of the Moenkopi formation, 

which is not recognized on the Defiance uplift. The Shinarump congLoaerate 

eapa the rim o*" th»j iuell Park basin on the north and east, .-.   forns the dip- 

slope surface of th* eastern side of the Defiance uplift. varther aast, the 

eon£lo'ifffAf:« <il«*n^r,earft >3«»n(*,ith the TTT»-,er friaaaic Chinle ahalea, which occupy 

the Tiro ":K Oreek Valloy. The thickness of the shinarurap conglomerate ii_s 

been rednced by erosion to a maximum of 80 feet on the eastern rim of Buell 

Park, leav*"" ~«iy the ba'-al coar° a a<:r\'-e^ft n» t i^ilch locally contains conglomer 

atic lenses. The conglosierate consists predominantly of quart r and quartaite
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pebbles, but rounded fragaents of chert, limestone, and petrified wood oocur 

locally. 'The predominant color of the formation ie light grajTt

*Kio ahinitrutap conglomerate probably i., --.v.ter bearing in ^i^ 

Valley, aa th« large outcrop area is ideally situated to receive recnarge. 

>?at«r in the '0 nation in this area is likaLy to be under artesian -nr assure. 

!To walla have been drilled to the -hlnaramt) con/;2. operate in the area d 

in this report. 

Chiale,

The Chinle formation conformably overlies the Shinarump conglomerate and 

la oowROB"it| -primarily of oltflrnating beds of soft, pink, nurttle, and .r 

-:.i'j  ...-   .:'» i.. f veuther readily into smooth clay-covered slopes anu rounueu 

and ridges. Intercalated with the shale* are several relatively thin beda of

;:apional thin beu -.-   -^j.",.. j.i.  ift«^on^. "lirfle ma.1or asnd-

etone units, ranging in thicknesH from 15 to y) -'eet, *xteud as par«ll*l ri^«« 

for several niles along th« floor of Black Creek Valley froei the vicinity of 

Vliidov "" v f o a point some dlstunce north -   ". ^fe sandstones 

are coaraonly coarse grained and are conglomeratic: in places. Tat entire Chinl* 

fornation is annrojcimately l.^CO feet thiefc in 'Rt'icV Cr*f-k Vnlley.

In ncrt arpc-.r, the Chime icraanQii i-itiui iAMins'i «niui.'.uj,s of wate^ 

ic fairly hi^Ji in dissolved mineral eoiiter . ^ water-bearing character of 

the fori«Mmi In thin part ftf T^laek Orepfc Tdley is unknovm, but it is 

b«lieved that the sandstone members woul-J yiald water to wells in liruitfid
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JuratB!O and Cretaceous rocks

The stratified rooks overlying the Ouinle fomation include *v « 'rl«n

group of Juraesio (?) age, the San Ttafael group and the Korrieon forma 

tion, of Jurassic age, and the Dakota (l) sandstone of Cretaceous age. 

rocfcei crop out only on the high ridge east -' tck Creek v,aiey < L di 

toward the eant.

The Jurassic aad Oret -« ""« i*^/«ve .,rv-> nr<t considered K* nftjmtblr 

of water for the Daell Fark-oawnill area, because they lie at too groat L. 

distance anfl dip away from the area. For th< -.«« reason*, any water that might 

be found In thepe rocka would "be costly to develop and utilise «£ ^ ^' ' 

fcr the Bnell Park-Sawmill area. Small wxonlien probably could be developed 

f ,~«.y,,»r 6a8t for local domestic »ntf «»top!T u«?», however, nartiewlarly from t^e 

T>akota (?) 9fua&eton« and the wassive sandstone meraber of the 3an Rafael group.

Quaternary alluvluu

'Sie <ntrfi«»e of the TVfiance Plateau in covered by a thin layer « * -n-i-iflv 

e«ll ran^inf; in thi«kn*ss froa a few inches f slopes to at>T)roxi'nat01y 

! ) feet at the Tribal Savwllt. These deno^it of Qiaaternary e^e. the 

floor of 'Ihxell Park is coaprisecl of fine soa( lit ranrtnf ir> * '->?«>««.«!, 

from a few inchet to a mazintum of <?6 feet. These deposits are probably > r 

decent a^je. There is evidence to suggest that fleveral cycles of alluvtation 

and erosion have occurred prior to the present stage of aovnouttlng. 

 lluvinn of unknown thickness, consisting of fine «and, silt, and clay, i« 

exposed alon,r *v -» course of Black Sreek.

The alluvium in the Sawmill area is tho source of water for both the 

industrial supply and the school well (BP-U and HP-5t table 1). The three 

abandoned wells at the Sawnlll (BP-8, BP-q, n^-1  ««» -^6, table 1) -t«« 

obtained water from this material. Sorin,?;*? farther upstream along the
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 prlatipal wash furnish a T>eraanial tupply of vator to the alluriua. la Baall 

Park, tha alluYium it not known to bo vator bearing oxoopt along Peridot Oraak. 

The araok it parannial balov spring »-2 (tabla 1), which ritot in tha allurim 

of tha era«k bad. Tho tonroa of thlt vat or may, hoverer, bo volcanic agglejta*- 

ata underlying tho allurlua. In Blaok Craak Tallay a fav dug vollt obtaim 

water frw tha alluvtmm along ika eroak.

Igneoms raekt aad thoir water-boaring properties 

Tha igneous roekt in tho Buall Park-Sawmill araa, with tho oxeaption of

tvo IntrutiTO dikot, aro of roloanlo origin. Oragoryl/ attignod thai to tho 

fartianr n«riod at ha did all tha igaaaiu rooks in the Harajo aonntry.

l^Aanoa davalopod daring tha pratont inrattigation Indicator only that tha 

voleanle roakt ia laall Partc aro of pott-Crotaeaout aga.

Aggloaarata

A gnqr-groan aggloaorato of Tartiary (?) aga undarlia* tha allurltua in 

Baall Park. This aggloaerato contains fragaantfl of ignaous rook and angalar 

and rvondad pobblot dertrod from tha oountry rook. Moot of tho pabblat ara 

amall and aro ooapotod of fiartcito, ohort, and alata. Tho matrix appaart to 

ba tnffMaout and contains abundant olirlna and garnot erjrttalt. On tha 

vaatharad tarfaeo tha rook it light groan, sort, and frlablo. Tho ignaout 

matorial Hanking tha dika that font Parldot Bidgo, and tho knob in tha 

oontor of tha rail ay, ara alto oompotod of agglOBorato, but aro A*J* brovnith 

graaa aad «ppoar to ba moro rotlstant than Via rook underlying tho alluvlta. 

Tha grata oolor in all aaaot it Imparted by tha abundant olirino.

Tha agglomerate is tho eouroo of vatar for two of tho principal springs 

in Buall Park (HP-1 and BP-3, table 1). Thato apringt ittue directly from 

tha agglomerate in placet where it hat baen out below tho water tablo mjr

Gregory, A. *.. op. eit., plate II.
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erosion. 1Ca«t of spring IP-1 in a Rwaanjr area several acres in extent, where, 

water stand* at the eurfaoe in plaeee. A thin layer of alluvium has been 

depoeited orer the agglomerate in this area.

It it doubtful that the springs in Basil Park derlre their supply tolely 

from recharge directly on the exposed surface of the agglomerate. Direct 

rceharee occur* ae a result of precipitation on the outcrop area and of 

infiltration fro* etreaa flow in the upper readies of Peridot Creek. Recharge 

from theee sources it eoneidered to be insufficient to maintain the flow of 

the springe. It is believed, therefore, that the agglomerate filling the 

depreeeion of Baell Park collects and stores water partly froa the less 

permeable surrounding sandstone and partly from direct recharge.

Lava flow

The lavas of Sterrett Mesa and Baell Mountain (pi. 1) range from a 

light-gray porphyry containing phenocrysts of oilvine and biotlte to a blade, 

reeieular basalt containing bombe and other pyroclastie fragments. Theee 

lavas are of Tertiary (?) age, and are remnants of flows which probably entered 

the area from the north. The lavas in the Baell Park-Sawmill area are not 

water bearing ae they lie well abore the water table.

Dikes

The baeio dike forming the backbone of Peridot Ridge (pi. 1) parallels the 

south and east walls of the basin for nearly 2 miles. The dike dips awey from 

the center of the valley at an angle of about 30*- *&  width ranges from 5 to 

90 feet. The rook composing the dike ie nearly black, very fine grained, hard, 

brittle, and weathers to a rusty dark gray. On the basis of field examination 

it is elaeeified as diah&ee.

A minor dike that strikes H.15°W. from the west end of Peridot Bidg* i* 

made «p of a light-gray porphyry containing phenocrysts of olirlne and Motite. 

The biotite ha* a dark reddish-brown luster. This same dike or one very similar

crops out in the south flank of Sterrett Mesa.
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dlktt ia Batll Park art not water bearing and oaaaot be classtd at 

aquifers. However, tht major dike hat retarded downcuttlng of Ptrldot Crttk, 

rttardt eastward mortmeat of ground water in tht aggltmerate, and raitet tht 

water table in Batll Park, Conssantatly tht dikt it btlitreA to be an 

Important factor In determining the location and maintaining tht flow ox tht 

principal springs.

Structure

But Dtfianoe uplift it tht major structural feature of tht Batll Park- 

Sawalll area. The uplift has been described by Grtgorj£/, and by earlier 

visitor* to tht region, at a monoolinal fold that trtndt generally north for 

a distance of nearly 300 milet along tht eastern border of northern Ariotaa. 

The regional structure Is best observed in the walls of Baell Park aad la tht 

dttp taayont eat into the dip slope of tht uplift by Ftridot and Bonito Creeks. 

Dips ranging frtm 10° to 15° to the test wtrt measured in those localities.

Lttal structural features la the area art limited to Batll Park. Tht 

oark hat beta described both at a TOltaaio Tent^/ aad at a oenldron tubtidtaoal&/. 

Th« theory of TOleanlc origin indicates that tht volcanic aggltmtratt gradet 

dowawmrd into an increasingly dense igneous mats. Tht theory of subsidence 

suggtsts that aa unknown thickness of agglomerate is underlain by a block of 

sandstone that, dae to its greattr weight, tank into tht aagaa. There It 

erldtnce te support both theories, aad only subsurface examination, by mtans

of tent holes or geophysical probes, can determine which is correct.

F
, E. Jt. , op. eit., p. 111.

Ortgory, E. I., op. clt., p. $U.
/
Williams, Howel, Pliocene volcanoes of tht RavaJo-Hopi oountryi Otol. Soc. 
JsitriaaBull., TO!. U?, ao. 1, pp. ita-l1^, Jaaoary 31, 1936.
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A shallov, easterly plunging ijrneline it erldent in Baell Park. In the 

east vail of the park, the north list of the syncline dips U° to the south. 

The trough of the synollne it occupied by Peridot Creek. South of the ere* 

the tofts rlee at an aitgle of 10° to form the south lint. At the axle of the 

synoline, the lower member of the Cutler formation and the entire lover unit 

of the upper member disappear beneath the eurfaee.

The only relationships suggestive of faulting in the Buell Park-Sauaill 

are* vere found in the northwest quarter of Buell Park. There an estimated 

75 to 100 feet of lava flov* rest in vertical contact against the sandstone 

forming the vail of the park. The flov rooxe dip and thicken appreciably 

tovard the center of the paik. Belov the flove, a aaee of aggloverate, pre- 

eerred from erosion by the resistant earning, rises nearly to the rim. 

Frvnaunoed sliekensiding vas observed in the agglomerate, in zones parallel to 

the sandstone vails of the park. No lava remains on the sandstone surrounding 

the park, although the flovs must originally have covered an extensive area. 

It is believed that at the time the lavas floved into the area, probably from 

the north, there vas already a depression where the park nov exists. Lavas 

floved into the depression. Whether as a result of the additional load so 

imposed, or from some undetermined oan.se, the mass of agglomerate within the 

park area subsided, ceasing downf suiting of the lava flovs in a soale of 

about 100 feet.

The subterranean forces that created 'Baell Park produced no detectable 

evidence of faulting in the surrounding strata. What appears to be a slump 

block lies against the north vail of the valley. The block includes rocks of 

the ttpver member of the Outler formation and the overlying Shinammp conglomer 

ate. The strike of this slump or mimor fault is roughly northeast amd can b« 

traced for several hundred feet. The die tor banco appears to be relatively 

recent.



 WAfBR SOPPM1S ^ 

Springs in Basil Park

The following table summarizes measurements of discharge of the three 

 principal splines in Buell Parks

Gallons per minute
Bate HF-1 BP-2 my; Total

Oct 3, 19^8 17 lo 90
Aor. lU, 191*9 20 178 110 308
June 5. 19^ 17 192 99 308

The minimal discharge of spring R»-10 is estimated to be ?0 gallons per minute* 

and of spring HM.1, 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 

nTfvv***! «ehool.

  r^e number of seedling trees was planted along Peridot Creek in the 

 Bring of 19*19, apparently as a means of bank protection against floods. 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.

Present Sawmill supply

Veil BP-U (see pi. 1 and table 1} now furnishes water for the steaa boilers 

and the log pond at the Sawmill. The well consists of a sump, about 30 feet in 

diameter and 8 feet deep, dag into the alluvium of the principal wash in the 

vicinity i about 3,000 feet downstream from the mill. A low dam set on bedrock 

below the mump prevents underflow from moving downstream. In times of low aur- 

face flows all of the stresn discharge is cantured by the well, and in times of 

higher surface flows the excess water passes over a spillway in the underflow 

dam. The wash is reported to be dry about a month each year at well EP-U but 

flowe most of the year upstream opposite well BP-5 (t>l. 1). The underflow supply 

ing well BP-U is derived from nerennlal surface flows upstream and from infiltra

tion at the log pond.
In April 19Uq the samp was being punned at a rate of 62 gallons per minute 

for about 12 hours each day, equivalent to a daily rate of about UU.600 gallons.

A swampy area a few hundred feet upstream from the well
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scnroorts a luxuriant growth of grasses 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 (IP-H) 

could bo increased.

Veil V»5 (pl« l) supplies water for the school and for the oeomniaity at 

the SawBill. Th« well has beea dug In alluvial fill at the edge of a wash. 

A pumping test was made en this well on April 18-19, 19^. The average die- 

charge was 29 gallons per minute and the maximum drawdown was U.o, foot* Prior 

to the test the standing water level in th« Wll was 3*7*1 feet below the floor 

of the well house, and was at aa elevation, approximately equal to the elevation 

of the eroek bed. luring the test, discharge measurements were made in the 

creak to determine if pumping the well would raducs the flow. However, a 

sleet storm on the day of the test produced runoff that caused a rise in the 

eroek and made the measurements valueless. On the basis of data collected 

during the pumping tost the coefficient of transalssibility of the aquifer 

was ooaputod to be 1,800 gallons per day per square foot at unit hydraulic 

gradient. The gradient of the stream was determined to be 82 feet per mile, 

and the average width of the alluvium to bo about 350 feet. On the basis of 

these figures, the underflow of the creek en April IS, 19^9, was calculated 

to be about 9*900 gallons per day. The well normally was being puapeA about 

6 hours oaah Amy at a rate of 29 gallons par minute, which is about 10,500 

gallons  nor day. It is obvious that pumping the well must decrease the flow 

of the eroek. It is concluded that the minimum daily discharge that can bo 

expected from the well is no more than 10,000 gallons per day.
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The investigation laolnded a study of all the springs in the luell Paik- 

Sawmill area. At the time this phase of the field work was being done, snow 

oa the Defiance Plateau was melting and Boaereus temporary springs were noted. 

The two principal perennial springs outside Buell Park (BP-6 and BP-7) are 

described la table 1. 1. H. Bapkey of the Office of Indian Affairs measured 

the discharge of spring BP-6 twice in 19U£il/ and found It to be 175 gallons 

per adaate on .April 8 and SO gallons per minute on June 11. The discharge on 

October ?5, 19^8, was estimated by the authors of this paper to be about 100 

gaAjLomi per minute, and on J«pril lU, 19^9, the measured discharge was 160 

gallons per minute. Mr. Bmpkay estimated that a minimum of 100 gallons per 

minute oould be developed at the point where the measurements were made by 

capturing all the surface flow aad by reducing underflow aad transpiration, 

The later measurements made by the authors of this paper corroborate 

Mr. Bapkey* s findings. Assuming that 100 gallons per minute oould be developed 

from this spring, the yield would be lU.U.000 gallons per day.

Tae minimum dlsoharge of spring BP-7 was 3 gallons per minute, measured 

oa October 25, 19*18. It is concluded that this spring is of little value aa 

a source of water for the Sawmill.

(JULIET OY mm
By J. D. Ken

The quality of ground water in the Buell Park-Sawmill area is Indicated 

by the analyses of 13 samples contained in table 3* 'The Immediate source of 

water in wells BP-h aad BP-5 is (feateraary alluvium la the Sawmill area.

ST
r, B, H., op. elt., p. 8.
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Spring »-2, which rises in the "bed of Port dot Creek, aleo is reported to ism* 

f*n» alluvim. Springs 9-1 aad BP-3 lame froa volcanic agglomerate in 

lUOll Park. Bpring BP-7 issues froa the upper member of the Cutler fo mat Ion 

ia the Saasiill area, and springs BP-  aad BP-11 issue froa the lover smter of 

the Cutler formation. Spring IP-10, located at the oontaet between me upper 

aad lover members, apparently obtains water froa both Bombers.

The water from the veils In alluvium In the vicinity of the Sawmill oon- 

taine approximately 300 parts per million of dissolve 1 oolida. The water con 

tain* Mostly calcium and bicarbonate and 1« low in silica. On the baei« of the 

aaal/ee* available, water froa the upper aeaber of the Ontier formation it 

 iailar in ehealeal character to water from the alltiriua. Howerer, the two 

available caaple« have a rather vide range of disflolred eolidi concentration, 

from 176 to 1*3*1 parts ner million. Ibe alailarity of waters froa the allurina 

and froa the upper member of the Outltr foiwatlon indicates the possibility 

that the water in the alluviua originate* an seepage from the ttrvoer member of 

the Oatler formation.

Water froa the lover member of the Oatler formation (analyses XP-6 aad 

K»-ll) appears to be similar in chemieal character to water frea the upper 

member. Heverer, water from the lover member has a soaevhat lover chloride- 

eulfate ratio than water from the upper member, eren though both theee anlona 

constitute a comparatively minor part of the dleeolred solids ia the water 

from both members. The first of the two camples from spring BP-10 show* the 

quality of vater from the upper member, and the second of these samples shows 

the resulting change in oharaical character when vater from the upper oasi 

is mixed with vater from the lover member of the formation.
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Water from the agglomerate in Basil Park contains moderate amounts of 

dissolved solids but is distinctly different in chemical character from the 

waters of the sedimentary rooks. A rather large proportion of the dissolved 

matter consist* of silica, which is not unusual in water froa igneous rocks. 

More than 10 percent of the dissolved matter in water from spring ET--1 is 

silica. The principal cation in water frci the agglomerate is magaeslna and 

tat principal anion bicarbonate, but the water froa spring flP-3 contains 

larger amounts of sodiua and sulfate than water from spring BP-1. The magne 

sium la these waters probably comes from decomposition of ollvine which is a 

eoaaon mineral in the agglomerate.

The chemical character of water froa spring BP-2 slessly resembles that 

of water from the agglomerate.

Cfralitar of waiter la relation to use

Although all the waters analysed are hard, they Bay be eoneidered of good 

quality for domestic use on the basic of dissolved solids content. Bone of 

the waters contain excessive concentrations of fluorlde.

Hater froa the agglomerate in Buell Peak probably would be less desirable 

for boiler use than water of comparable hardness from the alluvium in the 

Sawmill area because of the higher concentrations of silica in the BUell Park 

water. Silica is deposited as a component of boiler scale.

POSSIBILITIES OF rsrsLopno JJBJITICIJU, v^m SOPPLIK

Asssmdag that the miniana amount of water available from the three springs 

la Basil Park (BP-1, 2, 3) is SO percent of the lowest measured discharge, the 

total amount that oould be produced from all three springs would be about 200 

gallens per minute, and the total amount that could be produced froa springs 

BP-1 aai BP-2 would be about 125 gallons per minute, on the basis of a sally
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ratt of eonevaption of 150 gallona p0r capita, all thro0 springs wool* support 

a population of 1,920* and eprlnga BP-1 and BP-2 would support a population of

1 shows that spring BP-3 la sA t&e eastern edge of Buell Park near 

th* only drainage outlet. If a eowsunlty Is cone true ted within the park, tone 

provision anxat be made for diapoeal of eewage waetea. If those waste* 

Aiaeipated within the park, the flow of spring BP-J nay eventually 

contaminated. If the waatee are oarrled by pipe line down the outlet canyon 

oelov the apring, there ia little danger of oontanin&tion. A possible alterna 

tive would *be to develop eprlnfo »-! and 3P-2 for a doaestic supply and to 

develop oprlng BP-3 a* a f>ow«r T>lant and garden fopply.

If the aehool ia feuilt ne&r Fort Befianoo as originally planned., tne water 

aupply in Btuill Park could "be collected into a pipe line and would flow "by 

gravity to the aehool site. Abottt lU ailee of -i-^"- line would be recrnired.

Sawadll area

Aa a roaalt of the investigation ty the Oeologieal Sarrey the present 

writers concur in Bapkey*e*£/ reconsend«,tion taat Morgan Spring (BP-6) »  

devolopod as a fwpple«ental water supply for the Tribal Sawmill. Die antici 

pated wmter destajiA aft«r «ocnaaaion of the mill and ooaamnity has been eatlaatei 

to bo 100, (XX) gallons per day. The existing ajqppliee are capable of prcaucing

of about 50,000 gallons per day. The estimated potential of Morgan 

ia 1HU.OOO gallons per day, which gives a margin of 1*4,000 gallons per 

day more than the anticipated demand.

The altitude of the water mirfaoe at Morgan Spring is 225 f«at lower than 

the top of the Sawmill storage tank. The distance is 2$ miles.

Bopkey, B. I., op. olt., pp. 8-11.
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In the erent that the water deaand after expansion exceeds 180,000 gallons 

rter day, it might be adrisable to construct part of the community housing 

facilities in Baell Park, where a water supply can be developed.

CCNCIATSlONS AXD KKJCKHBHUIIOMS

1. About ??0,000 gallons of water -o«r day will be needed to supply a 

 nronoged school to be built either near Fort Defiance or in Buell Park.

?. It i« concluded that three springs in Baell Park can be developed to 

ottpply a minimum of 200 gal Tons ner nlnnte or 288,000 gallons per day, prorided 

adequate precautions are taken to prerent contamination of one of the springs 

by   wag* wastes. Vater from these springs is considered suitable for domestic 

use, although hard, the water supply is considered adequate to warrant con 

struction of the proposed school.

3. .vbout 180,000 gallons of water per day will be needed at ths> Havajo 

Tribal Sawaill after the mill and ooaounity are enlarged. The existing water 

supply will yield a miniaom of about 50*000 gallons per day.

U. It is concluded that a snring 2| niles south of the Sawmill could be 

developed to sutmly a minimum of 100 gallons r>er minute or lUU.OOO gallons per 

day. The pnan lift from this snring to the existing tank at the Sawill would 

be about 225 feet. Water from this spring is considered suitable for doneetie 

use. Although hard, this water is slightly softer than the water now being 

used. The sormly obtainable from thi« spring is considered adequate to 

warrant -r>tr>e*eding with the r>lanned expansion program at the Sawsiill.



n^ndTable 1. -Records of wellnnd springe in 3uell Parfc-Sawniwarea, 4paehe County,
Arl«. 

well g are dug unlese otherwise noted in "Remarks" column.)

Well or Location Owner 
spring (railee from 

no. Tribal
Sawmill)

js/BP-l Havajo Service

Driller Date Altitude Depth Diameter
ooBrnle- above of of
ted sea level well well

| (feet) (feet) (in.)

do. 7,175

do.

V1* SS Tribal 13

«7»-5 Navajo Serviee 7t628 20 12D

i/KP-6 2.7 S do.

c/Bp-7 .8 TT do. 7,735-

BP-S do. 130

a/ H, none; C, cylinder; 0, (gaaoliiie; number indicates horsepower.
b/ D, domestic; S, stock; I, irrigation; Ind., industrial; P, public supply;

N, not used. 
ef See table 3 for analysis of water sample.



ords obtained by I.. C. Halr>enny, H. A. !fhiteomb, and S. f. Tamer

Veil or Broth 
spring below 

no.

later level
Date Pump Use T«np. 
of and of °r. 

measur- measure- power water 
Ing point ment aj b/
(feet) __~~

Kenarkt

flows spring in Buell Park. Issues from agglom 
erate at base of hill near center of ralley. 
Measured discharge! 17 gallons per minute 
on Oot. 3» 19^8; 20 gallons r>er minute on 
Apr. 1 !*, 19 1*}; 17 gallons per minute on 
June 5, 19M9,

BP-? do. \3,I 54 1 '    '    > in Baell Park. Issues froa agglom- 
'.n bed of Peridot Creek. Measured

1*40 gallons per ninute on 
3, 19Ug; 178 gallons per minute on 
ij5» 19^; 192 gallons per ainute on 

Jxine 5,19 49  __________________________

Oct..

do. 53 'pri:\>; in Buell Park. Issue a from 
erate in bed of wash tributary to Poridot 
Creek. Measured discharge: 90 gallons per 
minute on Oct. 3, 19*18; 110 gallons per min 
ute on jpr. I**, 19M9; 99 gallons por minute 
on J-qne 5. 19^9. ______________

11.35 Oct. 25. C,G. es log pond and mill at Tribal Sawmill 
.., : it; intercepts surface flov and under- 

.flow of principal wash at Sawmill. Bie sup- 
ply is martially sustained by infiltration 
fron log pond at »ill upstream. Measured 
discharge: 62 fallonn per tilmite on Apr. 15 
19*10.

«P-5 5.50 do. 0,5, P
3

?ehool well; supplies entire coononity at 
".awnill. Dug rook-lined oaiseon at edge of 
wash. Meamired drawdown: U.90 feet, ptnrp- 

29 gallons ?er minute on apr, IS. 19^9. IS
I'lows H T),S 50 Morgan Spring. Issues from lower member of 

Cutler formation in bed of wash. Measured 
discharge! 1&8 gallons per minute on 
Aor. lU. 19*49.___________________

BP-7 do.

BP-g 0.30 Mar. 30, If

B,S U3 "oil Seen" ST>rin^. Issues from xtpper member 
of Oatler formation in bed of wash. Estim 
ated discharges 3 gallons per minute on 
Get. 25, 19U8. Measured discharge! 22f gal-

________ -ite on Apr. lU. 19U9. 
H - , ... sup-ply for niill at "awnill; now

ned. Measured drawdown! 13.H feet. 
p-awing H gallons per minute on Mar. 3C 
Bottom of well is at upper surface of lower 
member of Cutler formationt obtains water 
from allurium.____________________



Table l.-Heeords of wells and springs in Basil Park-Sasraill area, 4paehe County,
iarii.-Cont.

Well or 
spring 

no.

3P-9

S/BP-10

Location Owner i Driller 
(nil oa fresj; J 

! Tribal j ! 
i 'iawnill)
i ' ;

. , .. - Harajo Serrie*

3.2 Kfi do. (
j

i
'
; !

Dat* altitude 
eonple- abore 
ted sea lerel

i (feet)

7,607

7, 1*'>o <

; f

Depth Diameter 
of of 

well well 
(feet) (in.)

1» J?

*** ^*

SE ; do. 7.250^

18K-306 rhurt Oravath  »"'"

a/ H, none; C, cylinder; G, gasoline; number indicates horsepover. 
"b/ D, domestic; ^, «tock; I, irriration; Ind., inrjuetrlal; P, Tiublic 
"" N, not used. 
5/ See table 3 for analysis of water seaple.



obtained by L. 0. Hal-penny* H. A. *hitco»b, and S. f. ?nm«r

Vatar lerel 
Wall ar Depth Bat 
spring below of 

no. ffleasur-

Pu*p Use 
and of

measure- power water 
ing point ment ja/ b/ 
(feet)

" - > enp. Remarks

HP-9 former domestic mvoply for residents of 
Sawn ill communityi now abandoned. Obtained 
water froia alluyiva._____ __

BP-10 Flows N N 58  -- *-- - bothSpring in Until Park.
menbere of Outlar forma
along utnier Peridot Creek. Flow la season

on Pec. 8, 19^8. the aatinated dis- 
o-.-r.^o was 30 gallons r^fif ntmtte; on 4pr. 
1G, 19^9, the measured -*g« was 178 

er ?nintite.
do. II 15,3 Iprlng in Duell Park. Issues from top of 

member of On tier formation. Eetlm- 
U 3 charge: 10 gallons -nsr minute on 
S, igUg; 20 gallons per minute on 
16.

l«r-?0b 3.00 Mar. 30, >T N well. Did not 
Airier formation; wu- 
alluvium and is repr 
30 gellona per minute. How 

logjtable 2._______

- ater from
- en opposite
-ve yielded



Table 2.-Driller«s log ef well lfflf-306, at Kavajo Tribal
Aj>aeh« County, Arts.

Thickness Depth 
______(foot) (feet)

1=1 fill ----- 15 15
sandstone - - 7 22 

Light-red sandy shale - 17 
li^ht-red. sandstone - - U 
Kiwi shale ------- 19 6?
Very hard reddish-brown 
sandstone ------ 702 ?6U

sandstone - r 7^9 
sandstone It 7BU 

Tery hard pray sandstone IH 7?8 
fine-grained qoartsite 
TOTAL

reported t "Hardest formations 
«ao<yantered in 25 years of drilling on. 
Narajo R«t«rration". ProbaWy 
 noonntereu pre-Cfltbrian quart»it« at 
7SU
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