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GEOLOGY AND GROUND-WATER RESOURCES OF THE VAL
LEY OF GILA RIVER AND SAN SIMON CREEK, GRAHAM 
COUNTY, ARIZONA 

ABS'I'HACT ' 

Th c I'alley forllled by t.he Gi la Rivcr and San Simon CrC'ek, in Graham Count.y, 
:\ri z" i~ ' an int c rmo ntane trough 10 to 20 nliles \\"ide that. extends from the Sun 
Carlos Indian R(!s('rvation lIl:tIl." lIIiles sOlltlH'ust\\':trd . It is bordcred on the 
~"lltll\\"cst by the Chiricallll:t, Dos Cabezas, Pinal ello, SU lita Tcresa, Turnbull, 
nlld \le~ca l j'd ount:i.ill s und 011 th c nortlH'a st. b~' thc Peloncillo and Gila. Mountains. 
The C:ila Ri,'e r, a perellnial s lrca m , enters the trough northeas t of Solomo ns l'ille 
through a gorgc ill the ,Pelollcillo l\lnulltaills and flo\\' s northll'cl; tward to Coolid ge 
DIIIP, \\'hcre it, t,UJ"I)S sOll th\\'cl:it and leHl'es the relati\"(~ l y broad I'allpy t.hrough it 

~"rg(' in the .i\l esca l .i\[oulltains. Sun Simon Creck, an illt ermitte llt s trealll, ri ses 
a t the hcad of th e trollgh alld 1I0ws northwcst-Imrd to jo in the Gila n e11-1' SoIOJllOnS-

, I'ille: 
,\Ion g t.hc Gila R il'er is an a.lll1l"ial lml"land plain, 1 t o 3 illilcs wiel e, \I'hich is 

ulld l'rlai n, to an al'erage depth of abo llt 100 feet, b~' Qllaternar~' s ilt, sand, and 
gra H.I cI('posited b.I' th(' ril' c r, Thi~ plain, largc portions of \\'hich arc irri gat ed 
by lI"ater from thc ril'('I", includes lIlus \. of thc crop-prodllcing land of Graham 
Qll lllty . Similar lOll' plain s li e nlong sC l"l'ral of the largcr tributary arroyos. 
llighl.r land bordcrs lhe ullul'ial plains and grades gent.ly IIp\\":ud on each s ide of 
t he' I'a ll('y to the basc of t.he s t ccp 1ll0uII1aili s lopcs . Thi l:i hil!;h er land is t c rraccd, 
111 '.\ h\'u principal t e rrace Ic\"els ha\'e bee'n recog llized . Thc terraces, thc sllloot,h 
uPI"'I' s urfa ces of I\'hi eh arc of th e pedime llt. typc, arc capped by natlll'ully cemcntcd 
gran'1. \\'hich in mos t placcs is not m ore thall 10 fcct thick . The gral'e) on the 
terr'al 'es is b cl iel'cd to h::LI' C been d e posit cd in PIPistorcnc t.ime, earli er thall t.hc 
llilltcrial s in 'the lo\\'-Iying :tllul'ia l plains , amI it rests on s till older (uppcr Pliocene) 
dl'IH"j,its, \\'hich arc mos tly laclI ;; trili e bllt part I.\' flul'iat.ile in o ri gill and \I'hich rcp
rl' '' l'lil t he Gila conglomer:l1c. The Gih d('pos it s, \\'hich ca rry foss ilmall1lllal s, am
p hibialls, fresh-wuter llIullus ks, s ilkified \\"Uod, n.ncl diu lOlliS, consist chiefly of clay in 
t he rI'll t ral part of the I'u llcy and of san d und g ra\' el a.long th c I"tl.lley margins. They 
crup out prominently on th e s t.ccpl.I' slopill g esca.rpmcnts of thc terraccs and along 
II-.ost uf the \\'utcrcollrses but, :lI'e hiddcn cbe\l'here undc r the alluvial dcpos its and 
tt r'r:I('( ' gra I'C I. Beds of watcr-I)('flrinl!; sand and g ra\'cl ocellI' in all the clrposit s , 
hilt th e principal groulld-water s lipply for th e I'alll'}, is obta.ined frolU \I'e ll s ill t.h e 
Pliucl'llc lac ust rine strata and t.h c Quatcrllary ulhlyillm. 

III the QlIaterllllr.I' allu\'iulIl underlying the 10\l'lanel plain s h ed s of \\"Ilte r-bf'aring 
,:\IIt! "lid gnwcl arc IIIIIII('I'OUS bllt irreglilar. Any 0 11(' lied pill ches Ollt latc rally 
ill all cl ir('('ti Uli s and gCllcrally 1Il1clNlil's only a s lIIaJl arca, Consl'qllclltly, t.he \'er
t ie:" ' ll:t l'ill g and the nllmber of 1I'[lter-bearing layers ellcOlllltcrec\ in s inking wells 
. lifT;' r fr(Jnl place to place. The watcr in thcsc I;yers is under lit.t.le or no artesia.n 
l,rl'''' 11 rl', 
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The Pleistocene ('!) terrace grayel yields little water, aile! most of this water 
isslles as springs on the escarplllcllts of the terruccs at the rontnct bel\yeen 
pNmeahle grayel alld the underlying dense lacustrine clay. 

The upper Pliocclle (Gila) deposits yield \\"1tter to wells frolll beds of 
sand and gran.l, which in gellcral lie IIcarly horiz(Jlltal bet,,'cen thick luyers 
relatiycly illlpcrvious silt and clay. The water-bl'aring beds ar(' conllllOllly most 
lllllllProus alld thick('st toward the sides of thc vall('Y, alld llluny of thcm pinch out 
toward thc center of the vaHey. A typical section across the \'tilley shows 
Gila beds to be chiefly impervious lacustrine clay bencath thc central part 
coarse f!tl\'iatile conglolllerate at the valley margins, "'ith lll'arl~' horizontal 
tonglles or sheets of witter-bearing sllnd and gran'l extending out here and 
from the twits of conglomerate into the lacustrine deposits. The water in 
upper Pliocene beds is believed to be deriyecl froUl the rain water that falls on 
Illarginal belts, where it sinks ilito the p(·rnH·able conglonll'mte anel finds its 
theuce into the beds of sl111d and gntn~l in the lacustrine deposits. The 
tnhle in the IJPl'lllPahle conglolllrrate of the intake arCH stands llluch higher 
thr grollnd slirface of the central part of tl](' \'alley, alld the pn'sslire of the 
in the marginal helts is translllittcd horiwntally und('!'gl'Ound through the 
meable layers of thc lacustrille deposits. The artesian pressure tllllS 
strong almost eycryw!lere, and in wells at several ftl\'Ol'l1bly situated localities 
pressure is great enough to force the wlIter to the Slirface. A few slllail areas 
cultiyated land along tributaries of the Gila RiYer are irrigated hy water 
artesian \\'ells, and this Iwter is also supplied extensiYely to cattle. 

The temperature of the water issuing from flowing \Yells yuries consi 
anel as a rule the decper the \\'ell the higher the telllpernture of the water it 
A stuely of the relation of depth to telllperature in 78 fiO\Ying artesian wells in 
yalley of the Giht RiYer and ~an Simon Crepk indicates an average rise in 
temperature of 10 F. for each 57 feet of depth. This nOl'lllal gradient 
accounts for the high temperature of the water of thp Indian Hot Springs, 
Eden, the indication being that they prohably cleri\'e their ,,'ater through a 
or fissure from a source at a depth of about 2,500 fcet bclow the surface. 

Successful drilling of artesian wells in the past and the generally fa 
geologic conditions in the lacustrine deposits warrant the belief that water 
artesian pressure is present in nearly all parts of the valley that, arc underlain 
these beds, at depths within easy reach of drilling equipment. 

Samples of water collected for analysis from 49 scattered localities in the 
proved to be mainly of t,he sodium chloride, sodium carbonate, and sodium 
ph ate types. Most of them showed a rather high mineral COil tent, but the 
nUlllber proved wlficiently soft to be satisfactory for lllost inclustrial uses. 
a third of the ,,'aters analyzed are regarded as chemically unsuited for use 
irrigation, and,mallY contain large amounts of sodium saits, which would be 
to cause foaming if used in boilers. A large proportion sho\\'t·cl COIl 

fluoride sufficiently high to account for the denttll c]PCcd lmc)\nl as mottled 
which afflicts Illany inhabitants of the region. 

Rather extensive gullying of the lands in the yalley, hal'illg c\eyelojlcd since 
advl'nt of white settlers early in the eighties, is a locallll!tllifestation of the 
widespread "epicycle of erosion" in the arid South\\'l'st, !t phenomenon 
eurrcntly yiC'wed with apprehension by agrOlwmists. It has been suggested 
SCHne gcologbts that the aceclerated erosion might han' heen initiated by a 
climatic change or by a differential elevation of the land surface brought a 
by warping of the earth's crllst. l\Iost investigaton;, howeyer, believe that 

due to causes related primal'il~' to stock-raising. 

,ll"l ;~I\ 1.1; .\.\1' >.\~ ..... I ... it'.\ \ j~LLI\'! .\I~IZI)~\.\ 

I~'1'nO I) UC'I'IO~ 

SCOPE OF REPORT 

'fIJi" Jll1per cOlltains the results of the writer's investio'ution durinO' . I . b , b 

I IlH)llths III tie wlllter of H133-34, of the geology and ground-water 
n'~\Il1r('('s of that part of the va1ley of the Gila HiveI' find San Simon 
Creek that li~s in CJ'al.lnlll COUllty, Ariz. It includes descriptions of 
1'.'('11" nllrl SprIngs ancllllformat,ioll on the stratigraphy, pJtysiogrnphy, 
tlnd hydrology of the yalley. The work was supported by funds 
nllottl'd to the G('ological SUITey by the Puhlic 'Yorks Administration 
lInd \l'l1S done uncleI' the supervision of O. A. \Yaring nnd the aenernl 
directiol1 of O. E. :'Ieinzer, geologist ill charge of the di"isioll of ~round 
Wilt!'!' of the Geological Survey. 
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LOCATION AND GEOGRAPHY 

(;mham County, which contains about 2,9G:3,000 acres 1 in the 
$outh~~astern part of Arizona, is crosscd by the thirty-third pnrnllel 
of In.tIt ude ~ncl the Olle Illlll<!I'cd and tenth meridian and lies in the 
~rf':\lenn lIIghland scction of the Basin and Range province. (See 
fig,. :29.) Safford, the county seat, on the line of the Southern Pacific 
~{III1.roud known as :he Arizona Eastern Railroad and TJ. S. Highway 
Ill, IS nbout 185 mIles east of Pbocnix, Ariz., and about 245 miles 
\\('~t of EI Paso, Tex. 
,Tlit' yall~:v of San Simon Creek and the Gila RiYer aboye the San 

(~lrl()" IllChan Reservation forms a structurnl trough 10 to 20 miles 
"Ide. In Graham County the trough is bordered 011 the northeast 
~Y thc, C:ila. and Peloncil~o 1Iouutains and is scparated from the 
hulpllt~l ~,Pl'l~lg and ArnYHlpa Vnlle.ys to the southwest by the Tlll'll~ 

ul,l, S'I:,l.t.t 1 eresa, and Graham (PlllaleflO) 1Iountains. (See pI. 45.) 
San :-:iunon Creek, an intermittent stream, flows northwestward 

I 
II the nxis of tho valley in Cochise and Graham Counties crossing 

~ H' ~( t I . I I . ' , • III lC111 )OUlll ary of Grnhnm COllnty at about 3,G50 feet above 
~'~_Ien'l, and discharges into the Gila River nt an altitude of about 
.. ,JdO [ce.t near SoloJllonsville. Its grndien t a vernges nenrIy 20 feet 
tt) the mile. -----

t AnlfJna Year nook, IP30-31, p. 203. 
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The Gila River, known as the "Upper Gila" abon' the Slin 
Reservoir, is a perennial stream that heads far to thc eust 
:Mexico, enters the Gila-San Simon trough at about 3,075 eN: 
sea level a few miles northeast of Sanchez, and mCUlHj(,!,:; lifJ 

vallcy northwestward 65 miles to the San Carlos l\rscn'oir • 

114 

F1GURE 2\1.-Index map of Arizona showing an'us con~idl'n~d in this report nnd ot/Jl:'r W'.\It'f·"Il"~'!}· 
of the Geologi{'(l,l Survey. Shaded ureH is described in this Imper. The l101brQ(~k rl'~i()!I. 
ontline. js described in a w~lter·supply paper iu preparation. OtlJef areas are Ut.'S(,1 ibt'd ill " 
papers indicated by Ilumlwrs. 

west bounda!'y of Gralwlll County, where the altitude i~ "hout .) 
feet. Tbc HYCrnge gradient of the l'in~r ill tllC valley is nbout III 
to the mile. 

Numerolls intermittent tributarics llcacling ill or IlCHr tlie 
mountniu ranges cnter San Simon Creek Hr!d the Gila Hirer 
both sides of the Yn !ley. 

" 
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MAPS AND SURVEYS 

The part of the nllley of the Gila niH'r and San Simon Creek here 
,/t>serib('(l, excrpt for H l1f1ITOW strip along the base of the Graham 
:-'folllltains/ has not bern topographicnHy mapped in detail, and at 
the time of writing good base mnps arc aVflilable for only it smnll 
part of tIle nrea coyered by this report. The most detailed mnps are 
Ihosc coyering the il'rigate(llands along the Gila RinT and its tribu
larics, on a scale of 1,000 feet to the illch.3 Good maps also coyer 
tiyc tOlrnships (Tps. 7 uncI 8 S., R 28 E.; Tps. 10 and 11 S., R 2G K; 
l111d T. G S., R. 24 E.) that hayc been sUl'\'cyed by the Geneml Lund 
Ollic\' in recent yeflrs; 1>11 t the pIn ts prepared by tha t office for the 
fl'll1:1inder of the area were issued prior to HllO and do not show 
IJl:lny details. Iron pins, which can usually be found with case, haye 
f,Pl'n used to mnrk the lalld cornel':' in the fi"e townships cO\'ered by 
fllr more reecllt suryeys, hut Jl1:lI\~' of the stones lIsed flS markers in 
(he carlier sUITeys ha,~e disapP":!l'('ll. .A map including the area 
:;fudit'd, published by the Cnite.! , Ildes Forest SClTiee on a scale of 
·f Illih,s to the inch, is little more 1:1:111 a compilation of the Land Office 
pInts,' The hase fol' the map [J11'c't'llted as plate 4G of this pnper, 
sh,)\ring the geology, wells, and springs of part of the nrea studied, 
wns prepared from the ayailnhle maps. 

"\ summary of the geology of the area discllssed in the present report 
is g-iWll in an earlier paper by the wl'iter,s and Scliwennesen G has 
f('po]'ted 011 the grollnd water in adjacellt. areas to the southeast nnd 
llorthwcst ill the San Simon and Gila Valleys, respectively. 

ROUTES OF TRAVEL 

The Bowie-Globe branch of the Southern Pacific Railroad, known 
locally as the Arizona Eastern Railroad, crosses Gruham County and 
pnssrs through Solomollsyille, Safl'ord, Thatcher, Pima, Fort Thomas, 
and Geronimo. In addition to these prin'cipal statio]}s sen'l'al sidings 
un' JlI'oyided for handling freight. A busy eoast, to coast highway, 
kllO\l"n Iwt"'cell Lordsburg, N. ),1ex., nnd Globe, Ariz., as U. S. 
Highway 70, enters the yalley from the enst neal' San Jose and follows 
the railroad from Solomonsyille to the Coolidge ReserYoir, whero it 
It'aYcs Graham Coullty. State Highway 81, which is graveled, leads 
from Safi'ol'd southward through Cactus Flat and Artesia and joins 

I ~rnp of the Crook ,,"tional Forest (Mount Orallnlll division), Ariz. (scale 1 inch to the mile, contour 
Intf:nal 100 [eet) , C, S. Dept. Agr., Forest Sen'ice, 1932. 

J Gila Hivcr determination, Gmhnm COI1Jlt~r. Ariz.; Illap (in 9 parts) of :mn'eys showing irrigated lands 
uOlfer tlildll's taking writer from Gila Hi\'er or tributaries, district lIO. 3, Phoenix, .\riz., State "rater Coma 
fllL"5iulH'r, It-i:20, 

I ~bI' 1)[ the Crook ~ationnl Forest. .\riz .• LT, S. Dt\pt. AgT., Forest Service. IH3-L 
j hllt'dlteJ, "J.L ~L, Geologic [elations of the Oila ('ollgJomerate ill southeastern .. \rizonn: Am. Jour. SeL, 

5-~h St'T •• vol. al. pp. 80-92, F£>hruary Hl3fi. 

~ ;':'dJ\n:nn('~cn, A. rr., Ground water ill San Simon Yal1ey, Ariz. and N. 1\lex.: GeoL Survey "1"nter· 
~flI~plr PnpC'r 42[), pp. l~a,~, 1!1I7: Geo)ogy and wllfcr resources of the Gila and San Carlos Valleys in the 
?'cUl {'arlos Illrii:1ll He-;er\':ltio!l. _-\riz.: Ueol. SlJryey 'Yater-Supply Paper -150, pp. 1-27, lH19 . 



an El Paso-Tucsoll highway neal' Bowie, Ariz. 
from State Highway 81 south of Artesia leads to Fort Grant, at 
head of Sulphur Spring Valley. A better road to Fort Grant 
U. S. Highway 70 ahout 7 miles northwest of Pima. State 
8], a gnlyeled l'ond, ll'ads nortll\\'lm1 to Clifton from a point on U. 
Highway 70 about (j miles east of San .Jose. The settlements in 
valley nrc cOllllect('d with these Jllain highways a nd with eHch 
by ll~lJllerOUS roads and trails. 

TOWNS AND SETTLEMENTS 

The incorj)ora!ed towns of Grahnm County nre Sail'ord, Tha 
and Pima, all of w11ich are on the raill'oad and OJ] U. S. Highway 

Sa fl'ord , the chief commercial center, ,ras founded in 1873 and 
corpora ted in 1901. In 1930 its popula tion was nearly 3,000. 
principnl industries of S:1I1'0)'{1 are flour milling, cotton ginning, 
the retail distribution of goods to residents of the YHIley. In 
years the automobile tourist traffic 011 U. S. Higll\nlY 70 has also 
a notable source of income. Thatcher, 3 miles west of Safford, 
in 1930 a populn tion of llearly 1,300. It is a shopping cen tpl' for 
surrounding farming community and is the scat of the Giht J 
College. Pima, 8 milps west of Safford, which lwd a population 
about 1,000 in HJ30, is a minor mercantile cen(pr. . 
fornwrly the county scat, is the largest of the unincorporated 
lllunities. Its population in 1930 was ahout 1,300. It is on the 
and on U. S. Highway 70, neal' the mouth of San Simon Cre('k, ab 
5 miles cast of Safl'ord. N('xt ill size is Fort Thomas, about 21 
northwest of Safford, on the rnilrond nnd on V. S. Highwny 70, 
n population of ll(,Hrly 500 ill 1930. Sp\'cral small('r commlluiti 
Arn\'aipa, Ashurst, Bonita, Bylas, Central, Ed('n, Fort Grant, 
imo, GI(,llbal', Klolldyke, and SUllset-are pro\'idN1 ,,,itll post 
Escala, Tanqlle, Haeckpl, nnd Solomon arc railroad sidings. 
lws only a few houses and a public school. 

POPULATION 

According to the Cnited Stntes c('nsus 
hnd fl populntioJ) of 10,373, of ,,-hom 1,081 ,,'"ere ).f'cxicnns filld 

were Indians. Of the totalllllll1ber, 4,270 wcre clns~;;('d as rural f 
pOj)uln tion. 

CLIMATE 

'I'll{' climate of the Ynlh,y of the Gila Hi,'er alld San Simon Creek 
mild and dry, as shown hy the follmYing tahl(', which is compiled 
records of the United States ~W('athel' BUI'('au: 

I. ! " \ , .' j.,,' \ \ j, I .j", I\... \! \ J i., .\. \ 

CUIII{ltic records in vallc!! oj (fila River alld 8al/ SilllOll Creek 

;-::;tntion County 

'I'eIl1fll'f<lture 

Al1ilwle i 1. 
loi ]\[ean 

Fat YC(Jr8 
:i,756 55 
2, i'(){) 011 
2,5:12 4l 

anIltl<.11 

OF'. 
n:l.'l 
fi2.6 
tit :1 

Prcl'ipitat ion 

"Lr.n~th orl ]lIeall 
reeorti annual 

Ywrs If/ches 
5fl 14. 29 
:12 U.Ol 
41 12.74 

The hi~her portions of the nrahnm ).Iolllltnins arc usually covpred 
with SIlOW for severn I months during the wintrr, but snow seldom falls 
on tbe ,-allcy lands. Occnsionally violent hailstorms dnmage crops. 

NATIVE VEGETATION 

LlrU'e areas of brush land ill the portion of the Yall('y occupied by 
:-:'nn Simon Creek and on the upland terrac('s of the Gila Hi,"er Valley 
O'lIpport reIa tively a hundant growths of crposote bush and Jl1Psquite 
nnd more scatterrd cholla, prickly pcar, ocotillo, burro weed, snnke
w('cd, 'yucca, solol, and llcl\Hrillg nllnuals. Grama grass and curly 
Illr~quite grow well on the highpr lands near the mountains, but much 
of the central part of the valley along San Simon Cred~, which, 
lIcc()rdin o' to em·ly settlers forJll('riy contained excellent pasture of 

b .' , ~ 

~:H'n t on grass, is now reported to 1)(' incapn hIe of supporting more 
thnn n fpw IH'ad of cattle to the square mile, and during excessiyely 
tll'Y seasons many cattle must be removed to distant grazing lands. 
:\":~ t in \'i'geta tio;) in the higher parts of the cuI Ii \'11 t('d lowland along 
tlle Gila River consists mainly of mesquite, squmdmsh, saltbush, 
hlll'l'owped, and cactus. Scattered cottonwoods alld thickets of 
tamarisk, willow, and aITO\\'w('ed grow on the riYcr flood plnin, where 
1l11J1l(,I'OIIS moist. depr('ssions support snlt grnss and tulps. 

The slopes of the Graham, Snntn. T('rpsn, and Tum hull ~r ountains 
ow ('oHred at high altitucjps by pine forests nnd at lower leycls hy 
SClit tpl'l'd juniper, oak, and wnlllut. The Gila and Pdoncillo ).Joun
tllin:;, Ilortlw(lst of the valley, arc l('ss heavily timhClwl. A sawmill 
ilt Pima, which had been idk fo]' seyernl yea],s prior to ]934, obtained 
its "IIPP]), of timber from tlle Graham )'follntains. 

AGRICULTURE 

Tlip ilTignted lowlnnd that lies along the Gila Hiypr is the principal 
ngri"liltUl'Hl Hr(,ll of Graham County, although numerous small 
ndtil·atrd tracts aO'o'l'P(Yatin(Y about. ] ,000 HC],PS, an' scattpl'('d along , ~b b b 

tllp (iila' and San Simon Valleys wit.hin the county. The largest of 
llit's\' an' the Artesia, Cactus Flat, nnd Ash Cr('ek areas. About 
1,;jOn Hcres of land is culiivat('(l in the Bonita, district, south of Fort 
Grullt, in the Sulphur Spring Yalky. 
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The Federal census for 1890 ranked the chipf crops of d 1 
Co lIlty in onler of importance as hay, corn, barley, an W leat. 
B 1 1900 wheflt held first place, followpd by alfalfn, harley, and 

I 
y 1910 alfalfa wns lea(ling and was followed by harley, wheat, 

n If If ,I "1 t l),lI'lpv corn and , I l"'JO the order was a a a, \\ Il, , ' .,' , COIll, n ;,~ , ' , 0 tt 
sorghums; cotton hnd hePIl introduced, ,In 1~3 c~ (,m, 
'Ill other crops with all acreage llenrly tWIce th,lt, of ,11£'1)[.1 .. 
, .\.Imost all a~ricuJtural products, other than alfalfa f~nd cotton, 

• , II 'II'ly ))raetiC"Jllv all the cotton produced III recent conSUlll('( OC' , ,,' J. I J 
h'lS' hpen crinne<l nt Safford and the lint export('( to. apan 

, . , ' , b v' ,II' f ') 1)'lles to the acre are uot Ullcommon 
CahforIuH ports, 1 Ie ( ;; 0 ~ , , , 'd 
many of the farms, A large pnrt of the ltlfalfn crop IS sold OUtSl e 

county, 1 (' 'I' Hi w is 
The soil of the fwriell!tural Iwlt along t)(' 11 1~ ,\ 'f 'I 

I 
'I ' 1 os "s'1'1<1\~Io'lIn" und "silt loam"; and IS Illghly ertl e. ( ('scn)('( ", d , ' 

GEO-:\[OHPIIOLOOY 

In early Quaternary 01' late Pliocen~' time ,H Inkp t1~at had 
tit<' valley of the Oila Riyer and San Sl1n,OIl C rppk dUJ'ln,g ~at~ 
time f0\1;1(1 an outlpt, prOh11hly at the SIte of, the Coohdbe nm

f
, 

, 't' It) P!'OSIOn '1 "re:1 t mass 0 nsthewaterdrallledawnYI exposer (', ','" , 
Illents th'lt had acculllUlaU,t! in the baslIl, mlllllly ,l!1llVH"'I'''H'~~ov 

',' 1 I'" '1 The erosion of these setiullents HIS clay, slH, sane, anc gl <1.\ ( , 

ducpd it Yllriety of land forms, 

SAN SIMON V ALLEY 

The upP<'l' part of the valley, in Cochise County, IS 

Scll\\'ennesPIl 8 as follows: , 
I II . t, gh the sieles of whIch 

The "alley has the forlll of a broad, s la 0\\ 1011, ',.,' 

formed by the allt~\'ial slopes I th~t :x.tel~dtld~)\~;;l:::;~;l s~::~e~o::~:~~~~gmeet at 
"There the valley IS narrow t. IC m,es 0 1 f ' ,Iv level 

" jlllt \\'here the ,'alley is wide· it has the appearancc 0 ,1 1]('[11 • 
aXIS, 

with npward-eurdng t'<lgeR, , 7 

This descriptioll is applicable to the wide San SUllon '\ nll,ey at
f . 0 I C t '1'0 the north lowerIng 0 

southern boundary of ra lam olIn y: ", T' f 

0 '1 1:>I'\7el' t\\'I'Ce durin" Pleistocene tUlle IIlltlUted c.)des o. 
II It " . . b S' Y 11. for 

the drects of which Juwe progressed up the San, ll1l0n 'a ey of 
miles, n1tpring the form of the va,lIPy 11001', Tl,le old surface of . 

,t f tile Call Simon Valle", wlndl no doubt 1 esembled that. 
palO. ,'~, '- .1 . S I. n IS 
u) er part of thp present yaIley, as described by , c lwellnese ~ 

1 P "11"1 1)"I't os oT'lvel-C1ll)1')ed terrace remnants that sloPI pres('l'Yc( '" n. b ' , I 10wn 
downward toward the c('nkr of the valley frolll both Sl( es, as s 

plate 47,13. 
. ' , "II '\ iz : U, S, Dept. Agr" -., .1 :-\ l'lI N P Soil survey ef the S01Ol11on:->\ I e ared, ~ r .. 

7 Lapham, 1\1. ( ., allu ~. eI ,.... ., 

Soils, Field Operatiolls, lU()3, pp, 10-~(), 1;04", V II- '\ 'z aml~, :-Ie,,: (leo!. SUTI'ey 
'Schwenncsen, A. T., Ground water 1Il :ian StnlOB 3 e:r •. n . 

Paper 425-A, p. ;), H117. 

.\IOl'lllOn settINs, who arriYl'd from Utah early in the eighties, fO,llnd 
thl' ,'alley in esspntially its presPllt form, but. the pn'sent trend!, known 
11" S:1Il Simon Creek, It stppp-wnllpd gully in the valley floor (sec 
pi, 1-;, A, B), did not then exist. According to the statements of 
JlI:iII\ inlwbitants, tlIC San Simon Valley lowlands at that time 
~IIi!!"1 I'd II luxmiant growth of grass, which has since yanished, 
.\1:>.1\ llIYestigators believe that these clwnges, which haye occUlTPd 
~I!Ii· 1IIP nrrival of white settlers, arc to be uttrihuted, at least in part, 
to I' remoyul of the protective coyer of vegetntion by excessive 
I!Wil!lg followed by increaspd rUIl-off alld greater erosion, Stock 
trail~ arc said to be the forerunners of small watprcollrses, which grow 
10 1l('('Ollle broad, steep-walled arroyos, A few writers, howe\'er, have 
poiIlll'd out, that climatic clwnges or tectonic moYe1l1pnts may be 
('np:,}'lo of producing similar results, A decrense ill the mean annual 
prn·ipitntioll would kill ofl' part of the veg<'tation, and if accompanied 
or followed hy storms of increased violence, streams that had been 
nggnHling their heds might bpgin cutting, All increase ill the gradient 
of streams by slight regional uplift would no doubt hnve a similar 

I'Ift'd" 
Bryall 9 favored the hypothpsis of a 1'ecpnt climati(' change, Hegard

iug the approxima te time at \\'hich the phplloJl1enH. mentioned began 
10 appear, he says: 

Th .. change from aggradation ane! t.11(' building of flood plains to dissection and 
th .. [ormation of arroyos in lIlany streams of southern Arizona can oe'confidently 
pl:tcedin t.hc decade 1880 to 18fJO, although many tributary streams \\'erenot 
Iltfeded until the nineties, and some are ;;till undis;;ectee!, The datt' in southf'rn 
Cfali, northern Arizona, and sou(.hem Colorado is apparently earlier, and cut.ting 
probably began at, some time after 18flO, 

Gl'egory,1O in discussing the "rece]]t cycle of erosion" in the N'avujo 
('olllltry, states that 

11l!IIlull factors exert. II st.rong influence but. are not entirely responsible for the dis
lL,tr<HlS efosion of recent years. The region has not beclI deforested; the present 
,'0\,('1' of the vegt't.ation affects the rUIl-off but slightly, and parts of the region not 
utiliz(·d for grazing present t,Iie same detailed t.opographie feat.ures as the areas 
ItIlllllaJly overrun by Indian herds, 

G l'egol'y;1I has later been inclined to regnrd recent regional tectonic 
lwth'ity as it possible cause of the trenching, an explanation which 
Brynn ]'rj('ctpd, 

Brynn 12 summnrizes information 011 trenching in the SUIl Simon 
rnllry as follows: 

.' 
Sun Simon Creek, which cnters the Gila River near SolomonsYille, once flowed 

Ihrollgli uninterrupted meadows alll! flats from a point near HodeD more than 
-----

I Bryan, Kirk, Date of channel trenching (arroyo cutting) in the arid Southwest: Science, new ser" vol. 62; 
1'", n"-3H, 192,0. 

.. Or.'ror)" IT, E" Geology of the Navajo country, a reconnaissance of parts of Arizona, ~ew Mexico, and 
rbl>: Gool. Sllf\'ey Prof, Paper 93, p, )32, 1917, 

(tregory, H. E.) ora] communication to the writer, 1934. 
il Bryan, Kirk, op, cit., p, 342, 
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100 Illile~ to its mouth. Aeeording to Ollllstead,13 settlers n('ar Sololllons\'iIle' 
in 1883 exc[l"ated [l sinall channel 20 feet wide and 4 feet deep to cOllfine the flood 
water. Since that timc a channel formcd and pl'Ogressl'd headward through the 
flats for GO Illiles to the 10l\'cr end of the San Sillion Ciellaga. Aho\'ethis point 
thel'(' is 110 dPiinite ('hallllel, bllt thc 11e\\' challnel of thc crcek dowllstream is 10 
to 30 fcet dcep and UOO tll 800 fed wide. Seh\\'cnlll'Sl'n lJ dpscriiJes Ow drainage 
of t.hc arca ami states that the clwnnel has formed sirec thc ad\'ellt of Amcrican 
settlcrs. Carpcnter alld Bransford 15 make thc sanl(' eOmllll'lJt but also say that 
in large floods the challnel is still O'·l'rf!l)\\'crl. 

As statpd by Olmstead, tli(' challlwling in the San SillJon 
begfln with the diggillg' of the Sololl1onsyiJle dl'ainagp ditch, and 
of the IH'adwllrd eutting is reported by early settlers to haye 
the ruts of a former wngon rOlid along the yalJpy bottom 
Bo\\'ie find Sololllonsyille. Brnnch trellchp8 nre lik('wis(' 
cOllfhl('d to thp principal drainnge chnlllwls, which lwad ill or llPfiT the 
mOllntain,., bOl'dpl'ing' the yallpy. TI)('se challllels pxistpd long 
the ndypnt of stoek, and the arpas het\\,pen thpm are not, 
exees,.,inly, ns they supposedly ,.,hould be if stock trnils wprp 
eontributory factors. The p1'Psent yehiculnr trail east of San 
Crepk 1>('(w(,pI1 Bowie and Solomons\'ille (pI. 46) runs for miles ncar 
creek oyer eomparatiyely smooth surfaees, and the only 
eross('d are in old wa tel'eOlll'ses hen ding in 01' near tIl(' Pcloneillo 
tains. Cnder these circumstanees it would he difficult, to say 
least, to determine whieh of the pos,.,ible efluses that han heen ou,,,,- .,"'2' 
gestpd is the chief eause of the loeal phenomena under eonsidem 
and it should be borne in mind tllllt erosion in the ancient lake b 
began in late Pliocene or ('arly Pleistocpne time. It is eonceiva 
that nllmerollS "epicycles of erosion", similar to that reeently b 
may haye oceulTed during eaeh of the major eyeles of aggradn tion 
degradation r('eorcled in the vnlley terraees find tkscrib('d in the 
lowing pages. III this cOllllection, however, it is worthy of note th 
Bailey,IG IHn'ing eompared the eYidenee of recent. and earlier 
in seyernl yalleys in Utah, reached the eonclusioll that "utilization 
the region by man and the eonsequent reduction and modification 
the plan t eoyer are major factors in starting the new epieycle of 
sion." It is possible tba t further st uelies will confirm this yiew. 

GILA VALLEY 

The Gila Hi\~er, a perennial stream earrying a large yolume of 
hfls cut dowJ\ into the late Tertiary seclim('nls mueh more eft'nfl,"U"1'U 

13 Ollllsfpad, F. n., Gila Hiver flood control: G5th Cong., 3d sess., S. Doc, 436,1919. 
14 SehWPllllPE'PJl, A. T., Oround watPf in San Simon YaJley, Ariz. and N. ~Iex.: Geol. Survey 

Supply Pajwr 425, pp. &-6, 1917. 

Ib Carpenter, E. J., and Bransford, "T. S., Soil survey of the San Simon area, Ariz.: U. S. Dept. Agr., 
Soils, Field Operations, 1921, pp. [>SI, [,9t. 1924. 

" Bailey, R, W,' Epicycles of erosion in the "alleys of the Colorado Plafeau pro\'ince: Jour. Geology, 
43, no. 4, pp, :J37~355, 1935. 

lUI 

dl111l San Simon ( :~ and othrr tributaries, which normnlly earry 
\\'ntel' only dllrill;d immediately after the illfrrql1rnt rains. The 
prrsPllt gradiPllt, i i,C' Gila Ri\'l~r is only 10 feet to the mile within 
the \ :dley, ",1)('1'\ I, l he grndiPI1 t of San Simon Creek is a bOll t 20 feet 
to Ihe mile. 'I'Ll> IIl:lximllm nlllollllt of erosion lws OCCUlTed at the 
10\\'('1' l'lld of ,i" \1I]]('Y, ill the vicinity of the San Carlos Reservoir, 
::;dl\\'C'lllles(,l. ill'idly (kscribes the land forms in that part of the 
\'allPy alld :: ; ,eo; his illtNpretatioll in part as follows: 

On thc Ii" and south sides of thc basin, adjacent to the IlltJllntains, are belts 
of hill\' eOII'" " \\'hieh stand hi1!:ber than the llIiddle of the basin and which ha\'e 
cririt'!;t]\' be,'!: ,,,',,duepd by the crosion of what ,yere at one time slllooth alludal 
slopes c~tc!lllil'C: fmlll the 1IlOnntains toward thc middlc of the basin. Inside thcse 
hill,· belts are I wi.!' of lO\n~r count.ry which arc the remnants of a lake bottom that 
(lnc~ c:dclldpd :\I'rl)~s thc axis of nil' llllsin. This lake apparently camc illt.o exist
cnce after tll(~ allll\'ial slo]ll's had l)('en considerably erudcd. As a rcsnlt of the 
Jargp llllJ(Hlllt of sedilllent. d('p()~i(ed in the lake its bottom became smooth ami had 
onl'" .gentle slopes toward the middlc of thc basin. Although this former lake 
bul'(,,;n has bcpn eroded since the dL~n.]lpearall('c of the lakc, it still forlns It strong 
contrast. to the more anciently dissceted marginal helts. 

This interpretation di/l'ers from that of the writer, who believes 
that the stream sediments exposed in the high marginal hilly belts are 
eCjuinlcnt in geologic nge to the lake sediments of the central part 
of tIle yalley and are not an older forma tion underlying the lake beds. 
The mflTo'i~al belts and the more central gently sloping terraees 
reft'lTed t~ are recogni7.ed as ancient surfaees developed by planation, 
innsllluch as they show eertnin kntures that are peculiar to mountain 
p('diments. Di~cussiolls of the gt'ologic find hydrologic aspects of 
the "Titer's interpretation arc prespnted on pagps In(i and 210 of 
this report. 

The orirrin find development of typical mountain pediments have 
brrn discl~,>sed in some detail by Brynn. 1S The typieal pediments of 
the Pnpngo eountry, however, are surfaces formed in eI:closed basi~ls 
under arid eonditions by erosion of the rocks eomposmg mountam 
blocks, whereas the surfaees here deseribed, although appflrentJy 
J>l'Odueed by similar processes, were eut almost entin>!.y on uncoll
soli(lnted fill in a hasin in which through drainage \~'as maintained. 
.As the products of erosion ,vhile the pedinlents \vcre beIng forlned ,vere 
ClIlTied downstream and out of the Gil<1-San Simon trough, the 
buselenl in the trough was lowered. This cireumstflnce probably 
flCeounts for the absence of the "suballuvial beneh" of Lawson,19 

" 

:. ~dl\\'enTl(·,en, A, T., Geology and water resources of the Oila and San Carlos Valleys in the San Carlos 
ludl'Hl HC'pn'atiol1. Ariz.: Geol. Sun'ey Water,Supply Paper 450, p. 5, fig. 2, 1919. 

.t Bryan, Kirk, 'l'he Papago country, Ariz., a geographic, geologic, an(1 hydrologic reconnaissance, ''t'-ith 
• ~uide to desert watering pla('es: Geol. Survey Water,Supply Paper 499, pp, 93~101, 1925; Pediments 
i},,,pl"i»,d ill hasins with through drainage as illustrated hy the Socorro arca, N. l\Iex. [abstract]: Geol. Soc. 
Amorim BIlII., vol. 43, pp. 128~129, 1932, and Pan,All]. Geologist, vol. 57, p. 6), 1932. 

11 I~l\\'snn, A. C., Epigene promos of the desert: California Univ., Dept. Geology, Bull., vol. 9, pp, 2:3-48, 
r)1.\, Field, R., Stream'carved slopes and plains in desert ll]ountains: Am. Jom. Sci., 5th ser., \'01. 29, 
1!1 •• I ;~, pp. 3!3~322, A pri! 1935. 
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a feature characteristically associated with pediments formed while 
the baselevel is rising as H result of accumula tion of detritus in Ill} 

enclosed basin. The pediments that slope downward from both sid!'> 
of the Upper San Simon Valley flatten out and meet in the central 
part of the trough as described by Schwennesen. (See p. 188.) 

UPPlcH TEHHACE 

Along the southwest side of the Gila Valley a dissected gI'HW). 
covered terrace (see pl. 49, A, B) is the remnant of an ancient pedi. 
ment and is called in this paper the "upper terrace." 'l'his tenuce 
extends southeastward from the Sun Carlos Indian Resenration lind 
forms a continuous surface with the relatinly undissected vnJjer 
floor in the southel'll part of the Sun Simon ValIey. At the base ;[ 
the Graham .1\Jountnins soutlnvest of Thatcher the Upper limit o[ 
this terrace is se\reral hundred feet higher UIHn elsewhere along fhe 
margin of the valIey. TIle highest point on the tenace is at the 
mouth of Frye Canyon and is about 5,200 feet ahoyc sea le\'e1. The 
longitudinal section of the upper terrace close to the mountains in 
this neighborhood is convex upward, suggesting a typical alluvial fun 
formed by aggradation at the mouth of Fr;ye Canyon. However, a 
belt of fanglomerntic Gila conglomerate lies along the base of the 
Graham .1\Jountains in this vicinity, and the contact between thl' 
Gila. fanglomeru tic phuse and tJlO similar ondying gravel tllH t spreads 
out basinwHrd as a thin coating over the lake beds of Gila nge could 
not be located ni. the time of examination. It is possible iJwt a 
detailed study of the prominont fan at tho mouth of Frye Cnllyoll 
would show it to belong to tho degradational "rock fan" type, as 
originally dcscl'ibcd by Paige 20 and elaborn ted In tel' by JOIlll

son
.21 

At the mouth of Tripp Canyon the altitude of the Upper terrace is 
about 4,400 feet above sea lenl; near tIle Swift Trail the 11ighest 
point on it is at an altitude of about 4,100 feet; Ullr! at tIle Fort 
Grant road about 7 miles south of Artesia the altitude is about 4,.300 
feet. Schwenncsen's diugrams show tho edge of the valley deposits 
at the base of the Turnbull .1\follntains to be about 4,000 feet above sea level. 

Nearer tlw central axis of the Gila Valley tIle upper terrace is pre
served on numerous isolated mesas tlla t hlwe beon carved by the 
streams in tIle clay, silt, and sandy layers c1l1lraoteristic of tIle late 
Pliocene luke beds of the central part of the basin. Each mesn is 
capped by a layer of Pleistocene (?) gravel, usually from G to 10 feet 
thick, firmly comented by calcium carbonate (calic1w) to form II con
glomerate WllOse pebbles are fairly well rounded and lire ill gpll('rnl 

20 Paige, Sidney, Hoek-cIlt surfaces in tile desert ranges: Jour. Gml,,;:)". \ ,,1. 20, pp. 412-450, Hil2. 

"Johnson, D. W., Planes o[ lateral corrasioIl: Seience, new ser., vol. :'. ;.[1. 174-177; 10:31; Ho('k [ails o[ 
arid regions: Am. Jour. Sci., 5th ser., vol. 2.1, PP. :38(1-4W, 1!1:l2; llocK I,i, •. .,( "rid fI'gions: Geog. He";,'''', vol. 22, Pp. t;5ti-6G5, 1032. 
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GEOJ,OGICAL SUHVEY 

B. VlEW LOOKING NOI\TllWEST DOWN SAN snlON VALLEY FHO\! A POINT NEAI\ TANQUE. 

San Simon Crcc~ in the foreground. 
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A, IIEW LOOKING NOIlTII ALONG RAN ::;1:\1001 CltEEK NEAll SOLO\IONSVILLE. 
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Ii. SAN SEllON cnr,;mc NEAll TANQUE. 



GEOLOGICAL SUBYEY 

Opper t~rra('c is ~c('n at hase of mOlllllains. 
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GEOLOGICAL SURVEY WATEIl-SUPPLY PAP};H ,UO PLATE.50 

.I. LAKE IlIms EXPOSED AT HED KNOLLS "DESEnT TJIEATEH", IN VALLEY 02 l\IILES 
SOUTHWEST OF ASlIUHST. 

Two eonspictlOu:-; hard layers lH'!3r fOil are limestone contnining- fresh-\\'nl(~r inverlehrat(, fossil:.;. 

fl. (;JL\ COl\'GLO'\IEHATE ON BIG SPHING WASil, NEAlt CENTEn OF T. 5 S., n. 25 E. 

Ahout 50 feet of conglomerate is 5XP0s0~. 
" , 

.' , t l ," 

" 
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composed of the s;';:Iterials as the fnnglomeratic phase ofthe Gila 
cOlJglomerate. 'I'L, ,\'pl is everywhere coarse, and the pehbles are 
poorly assorted ill' In sec. 27, '1'. 7 S" R. 25 E., 4 miles from the 
basp of the Grahallj , i ('lmtains, houlders 2 feet ill diameter occur in 
the conglomerate Ih ; caps a Slllllll mesa. The sieep gradient, gell
emily more thnn 30 ,.f the slopillg escarpment of this terrace is due 
to the resistance to ('!"sion tha t is offered by the hnrd cnpping layer 
of cnliche find the elise of er()"j(lll in the underlying unconsolid~ted 
lake beds, 

On the opposite side of tll(' " ,Ill'y no terrace corrpsponding to this 
one seems to be prpsent, unle;.;,;: is indicnted by a few enliche-capped 
mesns in sec. 31, T. 5 S., R. 2" ., the tops of which nre about 3,330 
fret nhoye sen level, or about ),'" reet above the surrounding upland. 
Possibly the upper terrace wa:-; ! ':lIlerly mntched by n terrace sloping 
lHnty from the Gila ~Iollntaills JI'I)'theast of the present river and 
higher than the present surface lli('re. At that time the Gib Valley 
was prohably a broad trough reselllhiing the present Snn Simon Valley 
in the neighborhood of Snn Simon, as described by Schwennesen. 

LOWEH TEHHACJ~ 

A second dissected pediment surface, which may be called the 
"lower terrace", is bounded on the southwest side of the valley by 
the upper terrace and slopes gently downward toward the allU\'ial 
lowlands of the Gila Valley (pi. 40, B). Northeast of the Gila RiYer 
it is matched by a similar terrace that rises to the base of the Gila 
~lountains. These two surfaces represent a second major episode in 
the erosional history of the valley since the lake disappeared, involving 
cutting by the Gila River down to n level about 100 feet above its 
present channel, at which it remnined long enough to permit its tribu
taries to cut away lnrge parts of the erosion surface represented by 
the upper terrace. Like the upper terrace, the lower terrace OIl each 
side of the valley is covered by a thin layer of coarse gravel cemented 
by calcium carbonate, and here also the cutting of the soft lake beds 
below the hard ealiche capping has produced steeply sloping escarp
ments along the terrace fnces. At this stage cutting extended up the 
San Simon Valley for more thnn 15 miles above Solomonsville. 

ALLUVIAL PLAINS 

ThG nlluvinllowland plain along the Gila River (pI. 47, A) extends 
from the San Carlos Reservoir upstrenm nnd terminates at the nar
rows about 2 miles nbove Sanchez. This plain, which was built by 
the Gila River, is bordered on both sides by the steeply sloping escnrp
ments at the foot of the lower terrace; its width is about 1 mile at 
Geronimo and Fort Thomas, about 2}f miles at Pima, 3 miles at 
Thatcher nnd Safford, 2 miles nt Solomonsyille, and nf miles at San 
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SEDIMENTARY ROCKS 

(lILA CO:'\ULO;\IEHA'I'J<; 

GENERAL FEATURES 

Sedimentary deposits of lake and stream origin fill the yaney of the 
Gila, HiYer and San Simon Creek to n depth of possibly l,GOO fprt,. 
The area occupied by these valley deposits in Gmhmll County ]';II::";OS 

from 10 to 20 milE's in width, and they extend more than ]00 mike lip 

the yalley frolll the Coolidge Dam,' III the centml part of the \ 'l(,y 
they are' of lacustrine origin and nrc chnraetpristically fine-graill('ri, 
consisting of stmtified red and gray cl:~'ys and silts, with here and there 
layers of tuff anclmnrly limestone. (See pIs. 50, A; 51, A, B.) 
preyailingly fine-grained materials grade laterany into 
(pI. 50, B), which is included in the Gila conglonwrate as originally 
defined by Gilbert 29 and whieh extends in belts along the sides of the 
yalley. l.'his coarse material is of fludatile origin nnd was no doubt 
deposited as alluyial fans and deltas by streams issuing from the moun
tains along the shores of the ancien t Inke. The pebbles and 
of this Internl or shore phase of the formation are largest at the base 
tilC mountains, where they are commonly a foot or more in dinmet.er 
On the southwest side of the yalley they nre composed chirfly of 
and coarse-grained igneous rocks deriyed from the Graham, 
Teresa, and TUl'Ilbull ;-'Iountains. On the northeast sid(' of the valley, 
the pebbles are predominantly fragments of yolennic rock transported 
from the Gila ;-'Iountains. The belts of fanglomera te exposures 
severn I miles wide in some places, but. are absent in others. A broad 
helt skirts the Gila ;-'Iountains from the San Carlos Indian Heservation 
southeast.ward llParlv to SnnchE'z, being interrupted only ill the vicinity 
of Fort Thomas. /: second broad belt skirts the Santa T('resa ;-'Ioun
tains and extends a few miles sou thrast of the Fort Gmn! road. For 
severnl miles northwest nnd southeast of Frye Creek the belt of fan.; 
"Iomernte is not more than a mile wide. Bdts in the upper San Simon 
'Talley and in the lower Gila VaBey nrc described hy Schwennesen.30 

The fanglomeratic phase is absent along the base of the Whitlock Hills 
and in the vicinity of the 111 mnch, where the lake beds arc 
of (Tray clnvs and beds of whit.e diatomite and chert, shown in 

b. " 

52, A. 
In the absence of det.ailed smyeys no accurate estimate of 

exposed thickness of lake beds in the valley is possible. It is proba 
not more than 200 feet, but the strata penrtrated in at least the 
1,600 feet in dcep w('Us drilled at SaHord, Pima, and Ashurst are 
apparently of lacustrine origin. The logs of the deep wells (pp~ 
202-204) show no large body of conglomerate older than the lake beds 

"Gilbert. 0. R .• op. cit .• pp. 54(}-5H. 
30 Schwennesrn, A. T., Ground water in Snn Simon \Talley, Ariz, nnd N. )'Jex.: GeoL Survey 

Supply Paper 425, p. 8, 1917; Geology and water reSOllr('('S of the Oila and San Carlos Valleys in the 
Carlos Indian Heser\'atioIl, Ariz.: Oeo1. Sur\,ey 'Vater-Supply Paper 4[)O, pp. 7-9, ]9Hl. 

l I I I " j ~ I \ I i ~ • \ 'i' . "-. \' i . \ ! 1,1, 

and underlying them nt a. depth of about GOO feet below the s\!dace, 
as postulnted by Schwenn('sell,31 whose diagrlllll, n~oreoyer, s11o:\'s the 
"high marginnl hilly )wlts" in the San Carlos Tn(hall HesprvntlOIl to 
be IlJlde]'lain exelusiyely hy alluvial material. The writer found that 
the diss(,(·ted upper surface of the high marginal helt or pediment 
(SC(' p. 1(1) on the southwest side of the Gila Vallpy, along the base of 
th(' Graham .\Iountains, is underlain in part hy lake )('ds, in part by 
fmwlomernte, and; in nIl area of a fe'\\' square miles, hy t.he crystalline 
rocks of the Graham ;-'Io\Intains. Schwennes('n's cOllcept, in which 
the limits of the "helts of lower coulltry" in the San Cados Heserya
tion are regardell as coincident with the outlines of the former lake, 
is thus eontmdictpd, so far as the extension of the Gila "alley 
~outh('astwnrd into Graham Coullty is concPJ'lled. Furthermore, 
;he transition from coars~ detrital material in the basin deposits, as 
expose!] along seY(~rnl arroyos near the mnrgins of the yalley, to 
pn>(lominantly fin('-grainl'll mat('rial in the centml part of the trough 
ocrurs not abruptly but gradually. Tnterfing'(']'ing of the 1\\'0 types 
of fill, as shO\n1 in figure 30, is inferred from well data and is supported 
by the hydrolog-ic considerations set forth on pages 200-211. Such 
r~la tions would scarcely be expected to E'xist if the fanglomera tes and 
lake beds were depositNl at s('pamte times. The Gila cong-Iomerate 
as a geologic formation m\lst therefore include hoth lake beds and 
fanglomera tes, the t\\'O phases haying origina t('d sim\lltaneously. 
'1'11(: late Plioc('ne age of the lacllstrine phase of the Gila conglomerate 
ill this area is known from fossil eddeuee obtained during the present 
i:1YC'stigntion llIHl set forth below. As the lacllstrine deposits ha\'e 
been traced continuously to the mouth of Bonita CreE'k (see pI. 45), 
tlIP\' may safply be regarded as lying \\"ithin the type locality of the 
Gilt~ congloll1l'1:ate as ~iypn in the following quotntion from Gilbert's 
original dE'finition of thn t formntion,32 where the Gib and San Simon 
Valleys are refcrrell to as the" Pueblo Viejo Desert" 

Begilllling at the mouth of the BOllita, below which point their distinctive 
characters arc lost, they follow the Gila for Illore than 100 miles toward its sour:e, 
[wing last SE'en It little abon, the mouth of the Gilita. * * * Below the Bomta 
it Ithe Gila conglomerate] merges insensibly with the detritus of Pueblo Viejo 
Dc~ert. 

The ('haraell'r of the late Pliocpne deposits in this yalley is evidently 
\'pry much the same as in the San Pedro 'Valley, to the southwest, 
whieh is described hy Bryan 33 as follows: 

The COl;'gloll}('mte (fanglomerate) of the typical facies cncirelcs ulleonsolidated 
fine-grailled dejlosits Inid down in the central aren;; of the original valleys. Tn 

~: SdlWl'nneSen, A. 'I'., Cl('ology and water r('sourC'Ps of the Gila flud San Carlos Valleys in the San Carlos 
Jndian Hl'sen-alion ... \riz.: neo1. Survey 'Ynter·Supply Paper ·ISO, pp. 7-10, HH9. 

11 Ciilhprt, G. K., op. <'it., Ill). .'1-W-[j'tl, 1875. 
!l Bryan, Kirk, San })cdro '''"alley, Ariz., and the j.!l'ographic ryrl~ {ah."tnwt]: Geol. Soc .. -\.merira Dull., 

vol. :i7, 11. )fi9, HJ2G. 
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the fillc-p;raincd dpposits a larp;e Yl'rteiJrate falIna, determilled by Cidlcy to be 
of late Pliocelle agl', has I)('(>n fOlIlld. 

FOSSILS 

Y('rkhrate fossils that wcre colkded hy the writer 
heds of the Y:llky of the Gila Hiyc)' :lnd S:l1l Silllon ('n'l'/.;: at two 
localities ahollt 2!i miles npart (I II ranch :111(1 fI('llry 1':li1<')I) include 
camel ])on('s, ]H'Ceary t('('(ll, a sloth bOl1(', tecth :lnd h(>ll"c hC'longing 
to tlll'ec genera of horses, and frngllH'nts of a lnrgc t li; '" These, 
together with pllOtogr:lplls and cn",is of part of a lll:l;;tod., kldl from 
n third locality, I1('ar Bpur Springs, w('re r('[(,l'I'ed for dt·!, 
C. L. GaziIl, of the FIIited States :\ati!mnl ~rllsellm, whoc(' 
report follows: 

1. .\'a1/.Jlipplis locality, III ranch, sec. 27, T. 8 S" n. 2R E.: 

Hippariun (XanllipPlIs) sp. (teeth and jail' frnglll('nts), 
Equid, large form (tooth fragments and foot bOIl('s). 
Call1(>lid sp. (fragments of limb and foot bones). 
Platyp;ollus sp. (teeth). 
Megalonychid sp. (lIngual phalanx). 

2. PlcsiJljJlIs locality, H(>Jl]'Y ranch, XE)~ sec. 22, T. ;) S., H. 23 E.: 

PI('sip]lllS sp. '(tccth and bOllC fraglllents). 
Cameiid sp. (fragmentary fout hones). 

3. Mastodon locality, Bear Springs, SE)j sec. 0, T. 7 S,' R. 2:3 E.: 

nhyncllOtherilIlll? sp. (portion of ~kul\ \\'ith {('eth, idpntificd 
photographs and casts of the tooth CrO\Ylls). 

Th('J'c is probably little or no difference in jJ](' IIge of jJj(' aiJoye three occurrences, 
rlS the prCf'ellCe of XallnlpPU8, PlcsipPIIS, and II mll;;jodon rcsembling RhYllcho
therllllll in ('aeh IO('ality indicates an uJllwr Pliocene age. The part of the upper 
Pliocene represented is not <"learly indicat('d, nlthongh the part represented 
:tp]wars to 1)(' less a(jyalJ('ed than the Flc,~IPjJIIS zone at Hagerman, 1daho,3' and 
probably llot gl'l'atly s('parat('(1 ill time from the ]~Ianco of Tcxa~.:'5 As compared 
\I'it.h the horizons that carry JIIalllmalian n'mains in the San P('dro "alley of 
Arizona,3fi the horizons in the Gila and San Simon Valleys appear to be older than 
tlH' late Pliocene or l'kistoc('ne at thc Cmtis raneh, alJOut 15 miles south of Ben
son, Ariz., ami youngcr than or possibly e<jui\':ti('nt to the upper Pli()('cne recog
nizcd I]('ar Benson. 

The turtle remains ,,'pre submitted to C, "'. Gilmore for hiPntifieation, and he 
rC'pol'tcd thcm liS 1IIJ(letel'lllinable tcstwlinate relllains Olaf, gaye no indication 
AS to agC', 

,H Gidley, J. \V., .A new PJio('cne horse from Jdnho: Jour. J\[aIllJ1lalogy, \,0J. 11, PI>. 30()<~O:l, 11)30; Con .. 
tinuatioll of the CossiHlOfSC' fOUJld~up Oil the old Oregon Trail: Sll1ith~ollifln Inst.. E:qdorations flud Field 
Work in 1930, Pl'. 33-40, 1931. Boss,~. 11" Explorations for fossil horses in Idaho: Smithsonian lnst. 
Explorations and Field \York in 1031. pp, 41-44,1932. 

"Gidley. J, W" The fresh·wail'r Teniary of north\\'estern Texas: Am. ~rus, "at, History BIIIL, voJ. 19, 
pp. 617-63.1, J!103. Cope, E. ])./.A preliminary report on the ycrtchrafe paleontology of the Llallo Eshlcado: 
'rexas Geol. SUfYCY Hll Ann, Hppt., pt. 2, pp. 47~74J lSH3. PlummC'f, F. H., Cenozoic systems in Texas: 
Texas Unh', HuH. 32:32, Y01. 1, pp, 765--77(;, ]1)32. 

3t' Gidley, J, 'Y., PH·]jminary [('port on fossil H:rtchratrs of the San Pt'dro Yalley, Ariz., with tleseriptions 
of new specirs of Rodentin and Lagomorpha: C, S. Grol. Sun'ey Prof. Paper 131, pp. 110-131, 1922; Fossil 
Prohoscidea and Edentata of the I'an I'('dro \·alley. Ariz,: l', S, Geo1. Surrey Prof. Pup,'r HO, pp, 83-95, 
1926, • 

Fossil inH'ru·hra i<'s frolll 
He(l Knolls, wpre stutiil'd 
SUl'y('y, who stu tcs: 

llll'th locality, in the lake beds ncar 
\\'. C. ~rnnsfield, of the Geological 

4. Pla1lorbis l<J('alit~" ned 1\11,,11-. 
ubout -10 feet higher thtlJl IIni<i('lItili,·,: 

T. 5 S., R. 22 E. From a linwstone 
"rate bones: 

LYlIlna('n? sp. (ollly n frngllll'IJi ,pirc seen), 
I'bnoJ'bis (speC'ies in<ietenni lIa Illc I .' i" '('i!ll('ns badly crllshed). 

The fallna li\'ed ullder fn~sh-\\'atcr l'''l<ditioIlS. The age is indcterminable 
because of thc poor state of pn'scl'\'ation uf the orgallisllls; ho\vcyer, they do not 

look very old. . 

Fossil wood frolllioeality 2 (PlesipPlislocnlit:y) has lwen studied hy 
R. W. Brown, of the Geological Suney, who \\Tites: 

I . f ·I'·r. I .( (I frolll snc' ')') T 5 S R. 23 E. Among scvcrn s]l('('llllcns () SI 1(,111('( \\ Il) 'v·. --, . - ". ' ' 

G "lh'lIn County Ari;r.. Olll\- one was wcll enoug;h prcserycd to show IdentIfiable 
), , . , , . I I ·}·t I' t' tIll 

cellular ('kllll'nts. A traBSYl~J'Sl' seelion of Ihis WOO( ex 11)1 S ( IS 111(" aJlllI: 
rings cOlllpos('(1 of about equal ZOBCS of sprinp; and SUIIJll1pr \Y(lO(1. TI~e vessel,S, of 
the spring \\'00(1 arc large and uniform; those of thl' Slllnmer \\'oo~l, 1ll1l111~e. Ihe 
transition from the open spring \\'ood to the dense summer \\'ood IS consplcuousl.y 

abrupt. The medullary rays arc narrow, barcl~' ybibIe to thc !laked ~yc, an:l he 
be1\yecn singlc, rarely doublp, ro\\'s of y('sseis. The radial and tang~ntlal 8CetJOIIS 
reveal nothing (jpfiniti\'c. This \\'ood is dearly a ring-poroll.s, ~hcotylcdollous 
species, reselllbling in WllIC n'slwets the liying Sassafras !'arlijolllllll. I SllOUld 
11m;itate, ho\\'c\'cr, to identify it jJusiti\'ely as a Sassafras, Its "'cll-dcfined annual 
rings suggest rcgular s('H"onal ehangcs, dther \\'et to dry or \\'Hr:1I to ['old, or l:ot11. 
As to its geologie agl' r call olfer onl~' a glil'SS t hat it may ha\'c lJ\'ed 1Il the IllHldle 

or latc Tertiary. 

Diatomite colledptl by the writer from two loculities was exumined 
hy K. E. Lohman, of the Geological SlIrny, whose l'Pport follows: 

GeoI. SlII'\'cy diatollJite locality 2054, 111 ranch, ;\riz" SE!'~ sec, 21, T. 8 S" 

n. 28 E. . 1 r t 
This material ('onsists chiefly of \'oleanic ash and some elastic matel'la , ( }[l OIl1S 

constituting only about 30 perecllt of the tot.al. It is u~eiess f~r any purpose for 
which diatomite \\'ould be rcquirpd. The follo\\'ing spccles of chatoms are prcsent 

(C, COllllllon; F, frequent; H, rarc): 

:-Idosira it.aliea (Ehrellherg) Kiitzing. F. 
Podosira sp. R. 
Stauroneis d, S. phoonicclltcron Ehrcnberg. F. 
;\nomoeoneis sphaerophora (Kiitzing) Pfitzer. F. 
Xa\'ieula ef. X. C\lspidata Kutzillg. R. 
Xa\'icula umphihoIa Clese. F. 
Pinnlliaria major (lGitzinp;) Cleye. C. 
Pinllularia microstauroll (Ehrenberg) Cle\'e. F. 
Go.mphonl'llIa longiceps Ehrenherg \'ar, slIbcla \'ata Gruno\\" R. 
})('nijeula ('\('galls l\iitzing. C. 
Epith('mia zebra (EhrenlH'rg) ]\:iitzing \'ar. procellus (J\iitzlng) Gruno\\,. R. 
Rhopalodia p;iilherlila (Ehrl'1l1wrg) l\liiller. F. 
Xit.zschia sp. R. 
Callipylocliscus clypeus Ehrenberg. R. 

GeoI. Sur\'ey diatolliite locality 2055, opposite Fort Thomas, Ariz., SE% ser. 24. 

T. 4 S., R. 23 E. 
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This matcrial is an impure diatomite, tbe impmities, cili('(ly silt, amounting to 
approximatply 15 pC'rccnt. 1t would be suitable for slleh purposes as heat and 
sound insulation but woulel not be marketable in competition with e\'cn medium 
grades of diatomitc frolll California, Oregon, XC\"llda, and other Im'as, because of 
impurities. Jts economic use \l"oul(l depend on a local market. Heat insulation 

is suggcstcr\ as the most likely ]lllfpose for which it might be user\. 
The following species of diatoms arc prpsent (A, a\)llllr\ant; C, common; F 

frequent) : 
Cyclotcllu meneglJiniana Kiitzing. C. 
~Iastogloia of. ~1. slllithii Thll"aitcs. F. 
eOlllplwlIcmll cf. G. lanceolatulll Ehrenherg. F. 

Denticlila elegans I<t"ltzing. A. 
Smirella striatlila Tllfpill. F. 
Campylodisells clypells Ehrenberg. F. 

The diatoms in both these samples suggest that the~' \\"('re deposited in 
some\\"hat ,aline lake \\"ater. ,\ll the Spl·ej(,S are li\'ing at thl' prc:;l'llt till1(" so 
no eYidcllce of age is ofIereri, other than that the deposits canharclly be yery 
All these species ha ye \wen f onnd in rocks of SJlPposerl Pliocene age, so that 

deposit:; lllay be of Pliocene age or ~·ollnger. 

The middle Hnd upper tcrraces of the valley of the Gila River 
San Simon Crcek nrc cnppcd hy cnlicllC-Ce!11clltl'd conrse gravel, 
lloiUl'e, origin, and strntigraphic relations of which are described 
pages 190-193 of this report. As no fossils ha\-e been found in 
grawl, its geologic age can only be inferred. Doth the gl'ln-ei 
the II pper tenace and tlla t copping the lower terrace, which is of 
origin, nre tentatively assigned to the Pleistocene because they 
lJIlconfol'ma hly on the upper Pliocene lake beds oncl were 
before the deposition of 'the allm'iulll that underlies the 100dnnd 

along the Giln RiYer. 
QUNI'EH:-;.\HY ALLVVll);\[ 

Alluvium, consisting of silt, sand, nnd gnl\'el, underlies the 
plnin along the Gila }linr all< I less extensin areas nlong the 
of the rinr ill Graham County. Deposition of this material pro 
began in Pleistocene time and has been in progress on·the flood 
the river until recently. The aI'eal distrihution of the alluvium, 
hist.ory of its origin, its physiographic relations, and its ecaflO1nic 
are hriefly described on pages 187, 188, 193, 1(:)4, and 207. 

The thickness of alluvium underlying the low lund plain differs 
pluce to pince but is I)robably nowhere much more than 100 feet. 
gen(,J'ol idea of the chnroctet' of the nl1ll\'iulll os shown by wells 
be ohtoinecl from the following sections: 

t,EOLO{;lCAL stJH\,EY \'ATEH-lSt'!'!'!')" !'A!'EH 711G PLATE 51 

..t. I H. 2:l 1'. 
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WATER-Sl..TPLY PAl'EH 796 l'LA'rE 51 

A. IL\DLA:\"DS DE\'EL()I'ED I:\" FOSSILIFEROUS LAKE BEDS AllOl)T 2 :\IlLES WEST OF BEAR SPRINGS, T. 7 S. R. 23 E. 

Santa Teresa and TUl"nhullT\lollutaiJis in the di,,(,HH;e; conspicuous terrace is a grayel-capped erosion stlrfnc('. 
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Generalized sect-ion of alluvium from Solomonsville cas/ward 

Thick
neSS 

Fal 
5 

35 

Feel 
18 
18 
41 

20 

Fc<t 1., 
20 

5 
5 

10 

IS 
2 

Depth 

Feel 
5 

40 

Remarks 

Lower part of gnlyt'l cont.ains water. 
Cont:lct hetween lake beds and overlying 

alluvium. 
50 

100+ Contnins good water. 

Feel 
18 
atl 
80 

Fat 

Sand heus contain water. 
\\~aler. Contaet hetwN'n lake. beds and o,erlyin:; 

ulluyitlIll. 

sec. 5, 7'. (J S., R. 24 g 

Ht~IIlarkS 

1.5 
31; 
40 Small alllount of watf1r. 
4.0 50 Considerahle watf'r (non:1fte::ian). 

60 
62 Do. 
80 
82 Do. Contact hetween lake IH'·ds [lod overlying 

aHllvimn. ~o ~and or ~mr('l nnd IlO wrdpr. Clean salt 
{j Co"t thick at ahout 500 [,'Pt. 

Log of F:. w. mock well, .\'R'~Xm'! Sl'C. 1.9, 7'.4 S., H. 2,$ R. -----_.----------

Hrlllark" 
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The following drillers' logs of fOlll' deep wells in the Gila "nIle,. 
given with no nttempt to show the geologic age of the rocks jJ 
trnted. It is believed, 11owel'er, that all the materials nre of sP.jj. 

mentnry origin, and it is possible thnt nt lenst the upper 1,500 or J,GO!,) 
feet of the stratil underlying the Quate1'1lary alhn'illlll belon~ to 
lnke beds. 

Log of Sal/them Pacific Co.'s well at Tal/que, Ariz. 

[Pumping yield, 20,000 gallons in 24 !Jours] 

Thick· 
ness Depth 

Feet Ftet 
JInrdpaIL__________________________ 32 ~~2 
GraveL. __ ... __ ................. __ . G 3S 
Uncouformity ......... __ .............................. .. 
Yellow clay ......... __ ... ____ .... __ . 52 90 

Remarks 

Base of alhl';iul1l. 

Sand awl graveL .... ____ ........... 34 124 

Yellow clay __ ............ __ ....... .. S 
12 
96 

f32 

Hi!>;!J water, 111 feet. "'ater lel'el whil. 
pUIllViug, u.s feet. 

Gral·eL ... __ .. _ ................... . H-t ""att>r. Blue clny ____ .... _ ............... __ . 

Blue clay and sand .. _ .... __ ....... . 
Omyel and silnd ___________________ _ 1~ I 

2~0 I Working harrel raised to 155 feet. from groun,1 
surface, Norpmher 1911. 

251 

Bilw clay _____ .. ___ .. ________ .... __ . 
Sand ... _____ .... __ .. _____ .. __ ... __ . 
Yellow c!ay ________________________ _ 
Sand and cJay _____________________ _ 
Blu~ clay. ________ .... ______ ... ___ __ 
Snndstone _________________________ _ 

2~ 
4 

:1·1 
4 

70 
4, 

2110 I 281 
2';'; 
3')') 

32(; I 391} 

Blue clay .. -- -- ---- ---- -- -- --. -- -----I GYPSUlll and clay __________________ _ 
Gypsum -- -- -- -- -- .. ---- .. --. --. ____ I 

L02i 
11.1 i 
30 ! 

400 
.,92 I 
7.1.5

1

1 Bottom of ci1sinj!. 
7t35 Bottom of well. 

-----------------

Log 0/ SOllthern Pllcific Co.'s well (dr!J) 17 feet sOl/th of cenler 0/ lIIain track, 12.; 
feet east of cenler line 0/ Central Allelille, Sa.lTol'd, ctriz. 

[Drilled January WOG-~rareh 1907. All water en"ountNed was salty] 

I TIJi,·k· I 
"e.~ De"", I 

SoiL ... -- ____ .. __ .. ------.----.-.----.----J~ ~, ----
(~ral·el and.holllders-· .. ---- __ ------1 82 I 90 I 
{J nconforImty ------ _ --- ______________________ 1 __________ 1 

Bllleclay· ________ .. ________ · ______ ·1 !OO I 190 I 
Yellow C"I\·. __________ .. __________ . 70 2110 I 
JlIue clay. : .. --.---- .. -------- .... ---- 40 I 300 I 
Yellow stratlfier! cla\' .. _____________ 1 400 700 I 
Yellow clay wil h str;'l,ks of g-YPSIlJlL lOO I 800 I 
Yellnw clay witl! strata of hard I' _ _ I 

rock. H.:-) i ,so:) 
Yellow nwl brown ('Jay with streaks I 10.') I 1,000

1 

I 
of gyps 11111. I I 

~_It_y_"~~~_·_·_·_--_~~:_·--_--_.:.:·.:.·:.:L__ 820 1 1, S20 Ill()t~~~~)~'~PI~ _____ _ 

Base of allu dum. 

CHEEK, AHIZ0:\A 
A:\D SAl\" snlO2\ 

GILA UIVl·:H f!!. E near pillla 
13 T.6 S., R. ·-f J" 

Mack well in sec. . , 

Thick· 
ness 

Depth 
Remarks 
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. . hole full of freshwater. 
Base orallunutll, 

::::::::] 

::::::'\ 
:::::\ 

water.______________ _\ 
sand.. .. ----·--·.... ':::'1 

: .'" shale .. -----------.. i 

'! \l~wiiil.· .•• ·•· •••.•..•••. ii 
Hed shale ------. 
Hed s{IIlIL --" -- .... 
Red shale .. -- .. ----
Broken sand __ . ____ __ 
nard lime------·---- .. 
Sandy shale- .. --· --.-
Hed sandstone-- - --.-. 
Red shale------- -- --
Pink shate --" -- .. .. 
Red sandstone .... ·-
lled shale--.-----
lIard lime. --. -- --'" 
Sand _____ .. __ -- -.' 
Red sand; wllter .. 
Gray lime ____ ······· 
Red sand. -- -- -- .... 
Graylimc.--------- -" 
Gray saud ...... ·· ... 
Gray lime_ --
Gray sand .. 
Sandylime ... -- .. 
Rer! sandstone" -
Red sanlL -- ..... 

Red sanf1stooE' - -
Red saudy slmle. 

i~~T,)):\~~~~i~l()ne __ _ 

9ti 
28 
56 
95 
17 
18 
80 
to 
60 

200 
30 
90 

2 
.5S 

1 
19 
5'2 
20 
:18 
4.5 

'300 
4tiO 
suo 
510 
5110 
B5H 
684 
740 
8:15 
852 
870 
~l;)O 

91\0 I 
1.021l 
1,270 
1. 31Xl 
l.:mo 
I. :1\)2 
l,·tfJO 
1.451 
1.470 
1, 52'! 

• 'J <) barrels of water in 24 hours. 
Well fiowlIlg I.,.SO 

5 
15 
75 
10 
18 
40 
15 
17 
to 
50 

1.542 
1. ",,0 
1, 62,) 
1,6:10 
I, r;-t5 !i'!Ow oC waler increased. 
1,720 

5 
12 
50 I 

., I 

J!II 
77 
30 
55 
1:1 
81 

.if) 
So 
30 
12 

;; 
6:I I 
:IO 
,10 
10 

l,nO 
1. 718 
1. ,SS 
1,80:1 
1. 820 I 
1.8:1Il 

U~~ 
1. 897 
1. ~H; 
1. \)52 
2.11:1 
? "20 
2: if)/) 
'} 30t) 2: :118 ' 
2. :3\J~) 
2.47;) ! 
2.180 I 
2. 4!i~ I 

~:;;J\;; \ 
2.WO I 
2,702 I 
2.707 \ 
2,770 
2.S00 
2. sto I 
2. Soli 
:l.m:; 
:J.0\l1 
:J.IOI 
:1.140 
:1.210 
3,212 
:~, 217 
:l.2:iO 
:l,2:;1 
'3 ');):-\ 
:~: 2j':~ 
:1.2'7 
:Lfj:iO 
:t.510 

Do. 

Do. 
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Log of Gila Oil' , ., STA'IJ~S, 193i 

SyndIcate B well in the SH'l/ 'TE'l/ 
1 h 

;41\ ~i4 sec. 30 7' - S .r 8 Ilrst ' ,D . R 'N E , • N'f ~., 'UOf' 

~!lll\'illn'-

Blue shale -------------
Brown slmle-----------

~1~!~:~1~~~-~::: :::::::::::: -----::: 
Brown sallds-t~;;'; -. - -- -- ---- - -. -- ---I 

l~f~t~~;)1:i:·: ••••••••• · 
Blue shale ------------__________________ - _____ 1 

1 

Thick
ness 

FI'fI 
50 
~80 

IS 
145 
30 
80 
50 
55 
30 

200 
80 
20 
15 
15 
35 
3,> 
20 
80 
60 
40 
80 

4RO 
!O 
iO 
10 

12.1 
70 
1.5 

110 
80 
80 
30 
50 

Depth 

Feel 
50 Water. 

,130 
445 Flo,,' of Imter 
~~g Salt water. . 

~/0500 Flow of water. 
SulL water. 

80.5 
8:1.1 

I, 0:15 
1,11.5 
1,135 
1,150 
1,Hi;) 
1,200 
1,2:15 
1.255 
1,33.5 
1,3V/} 
1.4:15 
1. 51,5 
1.1If15 Flow of water. 
2.00!) 
2,07,S 
2.0S5 
2.210 
2,2.S0 
2.2\15 
2.40S 
2,4S5 
2. ,Sr.,> 
2 .• )!J.l) 

2. ().I5 Bottom of well. 

Hernarks 

The followinG' se t' f T, 4 S R '>3 E'" ~ 1011 0 the flowing well at G ' ., ,_, "., dnllecl for oil -'tl} I(,],01llIl10, ill sec, 19, 
fromn)('l~lOrybythe _ . R\\1 l~ca)LetooLill 1915--19,isful'JlislH'11 

,.. 0\\ 1101, . S, hnc)\des: 

Log oj flOlcing Icell (({ ('A . _ ., If rOllll!lO 

i I ---~---
I Thick- I 1 

___ . 1_ lIess 1 Depth I 
I --- .. 1-· --1-----

~--------. -

Hemarks 

<;'lay. ______ .. _____ i T((t i Fot . 
Sand alld day ___ :-----------------11 

28 I "R g~"~~le~laY_-::-------::::::::::::::::: g ! ~~ Fmh water '1('· I I . Hard day "';,1-/;;,;;;::---------------1 2! ;10 A lillie wale;.· selPra 'orlzons: ecm"llterl orT. 

8an<1 ___ : ____ . ________ :--------.-----. 40.> I .;1.,···· S,h:i1~: JUlie, and day ___ -:~==:~==-~~--I :~() i ,)2;j I ~\l (('sIan flow of salt W<ltrr. 

(,r<l\cL~_~ __ ~ _____ . _______ ~~ ___ ---~- 21~ I 'ill,S i _____ b i SJ() BOTTOm of \\('11 Jl 
_ __ _______ ' H),j fl'Pt, 0 \, att'l \\'n~ ~lrJl('k: helow 

SUMMARY OF T ERTIARY AND QUATERNARY 

TIl(' Terti'lJ'Y 1 Q HISTOR Y 
tl'Olwl ,." all( . lIntC'l'llnry Ilistol'V or tl " , .. 

b I Ill.l~ be slIJllmarlzed 'IS f 11 ' IC Glla-~lIll SlJilOH 

An e ,I I l' ,.. a ows: 
IIl0SC'( J:lSI1l, SlIl'J'Ol1lHlC'd h' ' Inke, wus fOI'IllC'd dlirillO' ht T ' ~ ~n()lIl1tnIIlS nlld oC'(,lIpi('d 1)\- '1 

Lnclistrine nnd flm'i'ltl:-Ic'. e\, ertwry tUIlC, pos:;ihly by hlo('k folliltill~ tJ . I ,SP( 11Il(,11 t S ,,-,. J . 1 I .' .,..,' 
. llC' \:lI('ss l)clil'yed to he 1 COO f' . u e HH (own III tlw bn:-;ill to 11 

oft I 1 1 ' ) e(' t 0 l' III () rc \. ' I lese )e( S "-(,I'e hid e10\. '1 .' J parL at. Plist if ]}oi ,til , \ n III II te 1'11OC'(,Il(, ( rJ" " lJlW. III' ])f'ps(,JlCC of 
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volcanoes in the neighborhood during the existence of the lake 
by the layers of tuff that. occur in the lake beels, and possibly 

of the great succession of lava flows exposed in the Gila i'.lountnins 
extruded during that time, The 1nke wns then drnined, exposing 
lacustrine nncl fluyintile sediments to erosion, Gl'llYel-cnppcd 

t erosion surfnces, of tlle pediment type, cut in these upper 
beds, were formed, probnbly in Pleistocene time, on both sides 

valley, At the entl of this stnge, which is nOW represented by 
upper terrace, the Gih Riyer wns seyernl hundred feet aboye its 

... t level. The Gila later Gut down a few hundred fem" and then 
while new erosion surfaces, noW represented by the lower 

, were deyeloped on both sides of the valley, The river next 
a trench ahout 200 feet below the Im\'er terrace nnd widened 

trench by lateral cutting, The riY<:'1' channel then rose grndually 
aggradation, depositing silt, sand, and grnvel to form thc nliLrdal 

plnin, It hns recently cut down through the alluviuUl and 

deposited the snncl, silt, and gnwel of its present flood plnin, 

,YATEH nESOUnCES 

SUMMARY 

The wnter nynilnhle for use ill the Ynne), of the GiLn l\iYcr nncl San 
.~ . .' •. "J..WJH Creek may be clllSsifiecl t1S sllt)\\-n below, nccol'(iing to its mode 

occurrence nllcl deyelopIl1ent for lise: 

Ground water: 
Springs, 
Wells: 

Flo\\'illf,!; wells. 
Konfloldng artesian wells, 
Nonartpsian wells. 

Watcr flowing percnnially in the Giltl Rh"cr, 
\Vater of illtermittent. streulllS tribnt:!ry to the Gib. 

The water is used principally for domestic supplies, for watl'ring 
Btock, and for irrigntion, lIlui\-idunl wells and springs difl'er in the 
amount and temperature of tlle wntl'l' they yield, in the Hmo

ullt 
and 

chemical charnrter of mincrnls ill sollltion, nnd in the depth of the 
Band nncl gnlyel from which the WHter is obtHined, Shallow wells are 
generally dug by hnn(l. \Yells more tlum 40 feet deep nrc usually 
drillcd by power-driyen lllHchinery, 'l'h·c wntef of nonflo\\'ing wells 

. js pumpeu to the surface by wiJl(hnills, by gasoline engines, or by 
lwnd or is brought up ill hud,ets uttaC'bNl to ropes. Tbe wtlter of 
.springs, flowing wens, nml inL(,l'Inittcnt streams is comnlOnty stored 

jn reserYoirs for lise ns needed, 



MUNICIPAL WATER SUPPLIES 

The municipnl wnter-supply system of Safrord flnd Thatchcr i. 
owned and operated by thc Arizona, Edison Co. The water is 01 .. 
tained from Frye Creek, which is fed in part by springs nnd rain but 
chiefly by melting snow in the Gl'nlWlll l\iountnins. The COll1panr\ 
plant consists essentially of se\'eral miles of pipe and two stOI'1;ge 
reservoirs on Frye Creek. The upper reseLToil', at the mouth of 
Frye Canyon, in sec. 7, T. 8 S., R. 25 E., has a capacity of 70,000,000 
gallons. The dam, of variable-radius arch design, is 91 feet high ant] 
is constructed of reinforced concrete. The lower reservoir, 3~f mill'S 
downstream, in sec. 34, T. 7 S., R. 25 E., has a capacity of 5,000,000 
gallons. IYhen this supply fails, as occasionally happens during 
periods of drought, wflter is pumped from a 'well in the NEJ{SE;.~ S('C. 

13, T. 7 S., R. 25 E., on the outskirts of Safford. 
The water supplied to the residents of Pima is piped from senra! 

flowing wells that lie along Cottollwood Creek in sec. 8, T. 7 S., R. 24 
E. The water is stored in a small concrete resclToir ill sec. 25, T. G 
S., R. 24 E. The plant is owned and operated by the City Utility 
Co. of Pima. 

"The wa tel' supply a t Eden is partly obtained from a cOlllnulIIity
owned spring (see p. 214) and It small concrete resenoil' about a mile 
northeast of the settlement. 

All otlier settlements in the yalley, including Solollloll!wiHe, Fort 
Thomas, nncI Geronimo, are supplied witll watf'r frolll locnl pumped 
wells, lllost of wllich are owned by individuals. 

SURFACE-WATER IRRIGATION 

The cultinted Innds along tile Giln Hi\'er (pI. 47, Ii) are irrignted 
with water di\'erted from the ri\'er illto ditcllcs through which it is 
conducted to the users by gra \'ity. 1'110 iniga lion system is o\\'lled 
jointly by the users. The l'iw'r watf'!' is well suited for irrigation, 
especially ns it carries a large l1lll0Ullt of silt tlIHt is reported to be 
rich in fertilizing llwteriul. 

TIlC following tahle shows that tllC amount of \\-ntor aynilable ill 
the Gila Rinr for irrigation is variable from year to 'y<':lr. The table 
gi \'es the nllnual disclwrge And run~ofr for the years 101 ;-, ~)2 as recorded 
fit a station 8 miles 1Iortheast of f)olomons\TiIle, abol :dl diver,;ioJ1s 
in the valley except that of the BroWIl Callul, and for 1 <!-::; us recorded 
at a station 3 miles further upstream, above tIle Brow1I (':lllnJ. 

Discharge (sccoll,l-reet) 

Maxi, 
D1Um 
daily 

31.000 
73,600 
46,000 

1,110 
7,380 
6,370 
9,540 

k ~~g 

1lini- Annual 
nHHll mean 
daily 

80 
110 

8U 
75 
69 
78 
60 
42 
29 

2,210 
1,810 

825 
171 
691 
671 
407 
176 
448 

Hun-on 
(acre' 
reet) 

wo. Om 
,320,000 

598. \)\lO 
124,000 
500, (K)() 
488.000 
2!H,OOO 
128, om 
325,000 

Disclwrge (second-reet 

Year ending 
Sept. :1O Maxi, 

mUlll 
daily 

9.9,10 
1\)2.\------------ 15 400 
1~2"____________ 4:380 
102f1____________ 5320 
1927____________ l' 3UO 
Ig28____________ 4' 820 
1929----------- ;; 500 
H130._---------- 7' 990 
1931.----------- 4' 290 
JU3:L----------- , 

~lini- ,A nnlInl 
tUUIll Jlleall 
dllily 

56 
48 
58 
44 
40 
32 
41 
55 
90 

534 
313 
448 
agS 
227 
320 
339 
4.12 
344 

207 
miles 

Run,of! 
(acre
reet) 

3i1S,000 
226,0(10 
325,000 
281;,000 
]H5,000 
232,000 
245,000 
328,000 
249,000 

. 1 of 18 years was 1 . (f th<' peno( 1 t 
Xl' mum daily dischar,gc f\( nlr~1Ib6' the minimum was a )on 

ma" J "I'V Iv v , , 1 feet on amI" J ' 

secone - 9'>3 1 d Cotton-
second-feet on July t

4
,\1 te~s'I'~ Cactus Flat, Ash ~re.e ~l'tneelll bv water 

. a 1 r ", 'e IlTI": J 
farnnng area~, '1 1 "bOllt 1,000 acres, al f Co tIle Graham I . 1 lC ue e " t I' rom ' 

Creek, w ne I 1l I l11C'ntecl by stream wa ,e tored in smull 
flowing wells, suptp.efOI' l'rri<ratioll is comm,onlY ,S'O'II'S not all of 

-.:r n \"1 el b 11 (fe resen L, 
" e \' 1 d and seyern aI'", . b constructed wllel1 neee e " .' haye een ' . 

for use 1 f ne of exnnullatJOn, ' '1' (f '111d stonng 
. use at t Ie II C 'l's for catc uno, , 

were III '- 1 \hriJ'ildn ree ~ tlle mountnms. 1 Ash ane " , tly from ~ E 
Cottonwoo

e
, . ", ratller infrequen '- 'I' 9 S R. 26 "., 

d tors that ISSue NIYli sec 6, .' ., . 
floo wa " 1 ""'lsh in the l' /4 f the creek ll1to It 

l'esel'voir in JacO )s~nl fl' "tllHt is diverted rom " 
11 'ennw 0\\ vY_,.~, .. oc a sma p~l t 2 milrs upstream. 

line at a POlll t a bOll ' 
GROUND WATER 

- AI I {'YIUM 1 
' 1\'l':r,LS IN J J , 1 1 lain nlong t J() 

• Y t1 e low ane p, , t 
11 'iUIl1 underlyIllb 1 . \'ater at no gre,1 ' 

The Quaternary a ue'. t\' eyerywhere contalIls \.' 1 in wells at 
. G' h'lm oun. 1 T obtn111C( . 

Gila River III I a , ",,'ater is common J "ltor-bea]'lng 
1 rhce \' . Blore \\, v 

de,pth below t Ie su '. f' t nnd lIsunlly two 01 .'- _. . The bed,; 
1 d'ln'>o ee,' .' ,thesuIWLl. 1 

depths of ess I, l-~ tIl" n 100 feet OclO\\ 1 f SOlId nnd grave, 
f 1 'I t e~s " pose( 0 '" 11 

beds are OU
n
(." f'nrlY horizontal, al'l~.coJll .' tiy('ly impermea ) e 

that yield wn tf'I HI (' n '1>111 and underlam hy 1 rlu
l 

b Is' nrc nml1erOUS 
Iv OY('l ,\ 1 1 YI"lye C(,' , "nd are common ~ 'I'he s'l1le nile b ' . II elircctlODs u' '1 cl clay. ' , , 1 t .. lly III n 

thick layers of SI L all e l)pd I)inchps out a el,1 tl" the ycrtical 
1 1 any on C lsequen ." but irregu aI', ane rilly H small arca. or bel' of t1lPlll en-

und gellcrnlly undrr 1(': 0 l'\'-:(,I~s ynries and the nium 
. f' ter-heanng '.J ' I to p n('c, . 

spacmg ° \\ a . . Y 'lls diftcrs from p nce. , . 11 • by infiltratIOn 
countcred in :mkInhlte'i~lI11 is douhtlpss dpl'lYCc1.m ,11l

1 
~\'atpr added by 

The wnter 1Il tl.IO a. \1\ "tN Gila J{iypr wutel, nne "tel' enters the 
• • • '1"'1 tIon \\ ,\, ) '11 y some \\ ,\ of ram wn tr1', III b',. " (Y floods. ] OS:31 ). • 

'b " [thp (llln d \lJlIl,.., tn uta1'1es ° 
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alluyium locally by upwal'd:~seepage from the underlying Pliocene lake 
beds. The water in the alluviulll does not rise to the surface ill \re!l, 
but is reported to be under small artesian pressure at a few localiti(',~ 
especially in the neighborhood of TI;atchcl'. 'I 

Quaternary alluvium underlying the relatively nurrow flood plains 
of tributaries of the Gila RiYer nlso yields \,'ater to pumped \rells at 
mnny places, especially along Black Hock, Cottonwood, Ash, 1\Lni. 
jilda, and Stockton lVnshes. 

"'ELLS IN l?ANGLO;\U~HA'l'E PIIASJ~ 01<' TJIJ<: GILA CONGLOMEHATE 

Very few wells have been put clowll in localities underlain by fan. 
glomerate of the Gila conglomernte, which crops out in large ar('n~ 
along the sides of the valley, and the writer kno;,'s of only one such 
well in wbich water was struck. At the Pursley rnnch, in sec. 12, T. 
6 S., R. 26 E., the drill \,'ent through coarse fanglomerate and day to 
a depth of 345 feet, where it encountered hot wn tel' thn t rose under 
artesinn head about 200 feet, to a lenl about 145 feet below the surface. 
Near Big Spring ,Vash, in secs, 11 and 14, T, 5 S" H, 25 R, h,'o un. 
successful w('lls were put clown, One of these wells was drilled without 
reaching water through 375 feet of very conrse conglomerate fo11o\\'(l<1 
by 40 feet of basalt and 100 feet of clay, It is probuble, however, thnt 
in some areas underbill by the fanglomerate the water tnble lies within 
a few hundred feet of the surface, Otherwise it would be diilicult, if 
not impossible, to explain the pressure head of the artesian wnter in 
the lake beels. 

",TELLS IN LAJ{E nEUS OF TIII~ GILA COXULO;\I EHA'l'B 

The upper 1,600 feet of beds in the central part of thcyalley trouglr,-"" 
consisting mninly of clay and silt, which are tentatively regarded as 
belonging to the lake beds, yield wnter from sandy beds at ,'ariolls 
depths. Nearly all the wells tha t obtain wa tel' from the lnkc bed~ 
Iuwe artesian flows or at lenst wnter uncleI' cOllsidt'rable nrtesian llt'nd, 
The lllllllbrr of wa ter-bearing sunds nncI tlw intelTals betwern Ull'11l 

differ from pInce to pInce, In SOllle parts of the valley, ns at Cnctus 
Flnt and Artesia and nlong Ash Creek, seyernl water-bearing beds nrc 
sepnl'l1 ted hy thicknesses of onl~T it fel\' hundred feet of clay aIHI ,;ilt. 
In some other places wells drilled many hundred fpet deep haye fniled 
to yield wate/', The 800-foot Rogers well, in see, 13, T. 6 S" H. 24 E., 
yicl(lecl no wHter belm\' the Qunternar,Y nllu,"iulll ill whieh it ,\"11S 

started. In drilling at the 111 ranch no watt'r wns (')]('ountered aboH' 
720 feet. 

Thn principnl area of [lrtesian wells in Gr:t1Wlll County is ill tbl' 
west half of 1',8 S" R. 2fl Eo, in the "jcinity of tIl(' farming COlllJl1l111i
ties at Artesin and Cuf'tus Flat. 1'11e wes(('1'11 edgc of this aren is 
n~ to 2)~ lllilPs east of the contact betwe('n the \'nlley fill and tlw 
rocks exposed at the base of the Grnharn ?\fOlllltHillS, Small nrens ()f 
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t\ ,11 Creck in the enst lH 
fi ,11nye been deyeloped alon~d~Csl.('cl' in the west IlHH of 

0\\ ' C tt IlWOO ." 'I' ~ S 
R. 24 E,' along o· 0 , . 0ec" 1 nnd 2, " " 

7 S,' , S nn"'" In '" . u, f tl .. R" 24 F . and near Bem ,p b~ ,within 4 miles 0 ,Ie 
, ~" 11' th('se nrl'HS ale '1 been 

E All flowing we s m,' . ~ f "flowilW well': IHye 
r t Ill' ,'" e\\ b I IIle\' 'h Grahnm:' oun n s." '11er plnces in t Ie Vi ", 

t e . "IS nnd nt Ol , COclllse 
between these m,t,. v'I" to the southl'Hst, 1Il ' 

, '"I 8'm SUllon y.l Ie) 37 
wells 1Il < 10 '-' '1 b T Scli Wl'llliCRen, 
A 'iz hnY(' h('en dcscnhe( J

b 
1 f G1"1h'll11 Coullty hcgan 

I '" ' 't1 lot I' e ('( s 0 J' , 1 t 11 'w e 
drillin(r of wells III Ie " 1 wells nrc reportee 0 ' ~ 
1900. b Some adequntely, C:l~('l~S Others that were not c~l~cd 
fairly uniformly for 11111fl} J ~'\Il~lkd in flo\\" , and many ce,):tN : 

I t fi st but later ( \\ 1)(1 the \\"1'1 (11 

o"I"H"~- copiollS y n r, "By fail('(l to l.;('cp ogs, III 
Drill('1's haY( lISU.1, • "chilled wells, , 

n~easurc the depths, of ~l!! ~~\\nrt('sinn conditioJls in, the Ynl'~~ll 
d' ssion by :.fell1Zel , 'b I' , 1 to be npplIcable, \\ , 

ISCU "I \'IZ IS e1C\el f 1 Gih 
of Sulphur Spring \ al ('J

l
' 't

1 
I'I<:;,tiarY fill in the vHlley 0 t lC I , 

, t' to till' n l' , , 
_1' ht modlfica lOll, 11 Tites' 
mIg S Simon Creek, e \\ ' . t' alh to the jpycl 

·:River and an '-. " \"tlll'\" arc sattlrn.tcd pra<: II', • urcd into the 
. ,..... scdimcllts in fiulplHlr S~~~'~~f \~'atl:r arc from timc to tll~~i~:o sJopcs, Thc 
, , lowest parts. Nc\\" ~1I]J~ 11\" 11I)])cr parts of thc strcallll~" the'leyel of the 

, k' t the gra\c , 'I't ,t'lllds 11)0\( , , 

~~~~e:;;: 'tlll~ ~1()PCS :u~~ ,a~~I~I\~~:Jl~~~;\~l~~l t~\\:r:l t;lese :(~\\' /~'~:~S~I~~~:,:r~I:: 
fl t , anti COIlSCqUCll.\ ", III the uppcr par so, '1 'YCS 

a s I cya]lOl atcs. , tl "allcy thc grn. \ e gl 
"reappears at thc surfacc af1lC 0:'1 but farther dO\Yll III Ie't' 'f the ~'alkY thesc 

Co,~' , t }n.r"cl,' 0 gra \ , \ t h t hc CCII cr 0' " 1 
':,'Vallev fill conSIS S , to ' f ,1' 'alld sarId, J Cllca . ° ' 0, 'I Thc grayel allc 

. t' beds 0 (,1\, I uf\'cn\>\\,lJ(, . I 
to altcrna wg 'I . th thc slopes t ICY C • J h thcm but t lC 

I lcvel but )Clll'a· t 'reolatc t Irong , tl 
. arc ncar Y , . f " allo'" watl'!' () pc' 'J ich Silll,s into lC 

are J)ol'ons lwcl (he!'e IOlt
c
: .' 1\' '\'\'"tN-tight, The water \\ 1 t 'nJ ",ojo bccomcs 

t 't . ° rc a 1\ C ,. I t hc ccn I, ... "., 
is so dcnsc thn ' I :/~ of tllc slo'pp;'\ and tnLycls t()\\;:~r\'l('cumulatcs back of it 

:: gnwel in the uppcr pal ~ f o'laY all<1 t.he watcr W )1(' I , ° t that whell thc clay 
:' I tl c lascrs () C",' I IlC so g;rca " 
.: confinc:l be (m: ,1., • ' "l' This prcsslll'C !Il~Y )C(,O,I .' 0ill CSCliJlC to °the sllrface, 
;TJlaces It nndCl PICSSIIIII " tIle' drill the confined \\"tCl t\l\ , ' 1II)crvious the IJ('H,d of 
0/0 cturcc )\ . . IlCrfec '\ II 
'ooJavers arc pun. ° 'If tllC eIaY layers were ' "II stl'ong IJj'l'ssurc o\'cr 
" ' "ells . I flO'n; \\ 1 I. , 
·:r·forming flowlIlg \\ : be 're'at cllough to prO( ucc ,tel' to escapc that flOW:Ilg 

':\water would prohal>l~ t ' g he! thc\' alloW SO Illuch \\ aI' lilies and ill most of 
o·,·consiclemblc arcas, bu ,Ill 'I' f~\\' spccjallyJayorabJc o{a , ° , 

:;";wells h[wc bcen strUCk, III ,on ~ a 'S 
:'lhese the pressure is Sllg;h~, . 1 ' hly ,;ho'y tbn t tIll' laI,p 1)('< , 

, 1, '"'\' would IJIO 1d , I"'n {F('ntlv 
A 1 t 'It, 1 stl'uetlll:l sUI \ t, c' II ('1'<,('1, II so em \ h ' ~ (c al ( • ]( II 1 S'lIl oJllIO . )t"1l' 

.in~the Ynlk~' of tIll' Gi~nl .IY(r"·t
l
\I
I
('( \~n'll('Y, althollgll dIP strat.n ,a]l})()lt iw 

1 tIe SJ( (,s 0 . . '1 '(,\'('1' Jll\1, 
:.:upwarcl townn 1 '1: ., 'I'll(' 11pwlln1 ('lII'YJI1g, 10\,\,. '. hel'il'vCHI to 
. horizontn} at Jl]ORt P ,I( (s. , J11'(,,;,;ur(' uIldf'1' COJ\( ItlOllS . 

1 , tl f' lJ'teRI'lIl " \\' t required to ('Xjl nlll I· 1 0,' ° • 1:\, :\1('\.: (;eoJ. ~urn'Y a cr' 
, "tIl ~itlloll Ynlley .. .\rlz. ,llH~ • 

T (rfOUUd wah'f Itl . , . 'I ;-;nrn'Y \Yater-
31 SChWCIlIlCS{i

Il
: A. ':L~ 1~Jl7. .:-: ,ring \"alley, .\rJZ,: (Ief' , 

Supph P,lper -12;), pp. l~ l~, I \\"'\fpr rl':,()IJf{'I'~ of :--:lllphllr I 
~ (r Geolon' aJl! ' 

3S :'\leillz{~r. ), .•.• , 31 1H1:{ 
Supply PlIp"r :l~~J. 1'1'0 I,W. 1 , 



exist here, as illustrated in figUl'e 30. The water beneath the lliglJest 
terrace near the Graham }.;[ Olln tains eyit/en tly accllmulates in tIll' 
porous grnn~J Hnd sand of the underlying funglomcratic phase of tIll' 
Gila conglomerate and stands at or below the leycl of the higllOst lake 
beds, wllich are composed largely of clay. Neurer the midclle of the 
valley the upper part of the lake beds has been rellloyed by erosion, 
and the lanel surface is lower thnn the level of the wn ter taWe in tIle 
fanglomerate. Beds of sand, which lie almost horizontal, extend 
basinward from the fanglomerate in to the dense lake beds underlying 
the lower lands. }'!Jost of the sand beds pinch ou t within 3 or 4 miles 
of the mountnins. TllC wnter in these permeable sands is subject to 
the pressure of water stllnding at higher leyels in the fnnglomern te nnd 
is confined by reIn tively water-tigh t clays ab()Ye and below nnd is nlso 
confined in a direction normal to the axis of the vnlley. In Grahmn 

EXPLANATION 
GILA CONGLOMERATE 

:mpervious Ci'!Y5} POrous sand and Porous sand and 
silts.tuffs.and ;lravel above ground· gravel below 
limestone;allof water' table E'rpund-water 
lacustrine or"gi" table 

Impervious 
tied rock 

FIGURE 30.~Section showing- artt.'$iall conditions in the lake beds of the \'alle,r of the (ijja Hirer Hlld ~.iD 
Simon Creek. (Sec tt'xt [or further (''(planation.) 

County these conditions lllll)' nccount for tIle locnIization ill 11 1'el
ntiYely narrow belt not far from the Grnhum 2\[ OUlI tains of lICilr1)- nil 
flowing wells that reach \\'nt('! ill the lake heds. 

'rhe fnnglolllernte p!lUP.C oj' ': lie Giln cOllglomerate does not crop out 
between the 111 ranch and! /1(' mountains to the east, the sedilllf'lI
tury rocks loeally exposed fJl'lllg dense Pliocelle clay and diatomito, 
cappcd by a thin layer of J>1('istocene (?) grn\'(~1. It is ob\'iou:,;, lh('l'('

fore, that this locnlity is not the intake area for the w[ltel'-h(':Irill~ 
snnd lit a depth of 720 fed tapped by the well il.L the 1 J J rn11.·1/, tIll' 
water in wllich rises undl'r pressure and stands at n. depth of ;-1/ rl't'! 

below the Sl1rflwe. TIle water jll'obahly COllles from !trells fnrt!!; [' lip 
the valley or aeross tIle valloy. 

211 . "'1'1"\"1\: A\UZ()~A ... , ~ ~DIU~ ... , " • 
mI..\. HIYEH A:SD :-;.\.. . 1. 'ter table 

in fiO'ure 30, t lC \\ a . 
U del' the conditions illustrated ~: a~f the"'vn.lley, nlthou~h lllghe~ 

~'lth the intake arell near ~ht te~;:o low that the theoretl~al h~~.( 
, he mouth of the well, nlIg .1 at the surface is less t HUl 1e 

. tiT rfTerence of altitude.,., The loss of head ~epresentcd )} (1 I' tl ill tNyenmg c11~tance. 
';:. d 1 st under(Yr0l ll1 ( III . Ie 

hea 0 '" _ _ -1 

I 
I 

- -I 
I I 1 

I 2 L-1 

N, 

-,}Of'W

oocL 

° DOD I 
GO I I I 

.- tWA) 0 D~D LOI 0" ~ 
D(JD~D I ~_, 

"" 0' ~~sO~D 0 
" " <" ~ c\"<D 0 
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:':1:': ((lS'CIUIH'j IuS::; TU 11'1:111[111 IJG'l . , t " UI' t;SITFD '-"J' " 
"a er to the s'II'f ' ~ ",.\ IE~, 1,)"-

< nce III a s ,J <u, 

or below the level of tl 'fl' ecallu wel1 (d, fi(r, 30) 11"" . T1 ,lC rst b t f b ,,'lllg Its 
. Ie favorable O'eol (Y' .u. arther fro111 the ill t. I_ : mati tit fit 

dl'll1ill(Y for "I.t ~ O,,)C Cal1(htlOlls in the I'll- b I ',t ,e area. 
I:> ,. eSlan wat tl ,,\.e ee s an I tl 

several decades WHlT'I~ tertI IHbt l~las beell carried on o~re 10 successful 
, Ie e ICE tl . t' l' a peri 1 , 1,1 ' arteslllll wate", o( of 

-=,....---~~~~2l1~ I IS ]>]'e8en t . 
III 

/000 Feet 
I 

/000 

FHd'HF - I , ? 

r-
I 

___ J 

~I 
~I 

I 
--J 
:::!I 
~I 

I 
I 
I 

. 32.-::\1ap of Safford, showin r I " . g Oc,ltlOn of w('11s Jli:J·t '. P 2
0
-') "-. (N'l' wells j,n "I)'l (- 11 • ....... .. " <I) e following 

nearly all paris of the n'J -tn' tl I . UUl nnrlC!, Q' 

, lPSC ll't/s, at dcptlJS \ri~i~i;~ ~~~~ ~~~::~;~ ~~a:il~j~~ that a:'e under1;}iIJ 
WF[ . lllg l'CjUlI)Jllcn L 

~ _LS IN 'l'11 ' '1' '. 10 lJFFI' S \ . 
he dl'CI)('st \I'ell' l ~, ",:-O;VH • 

, . 11l C r'd ' C 
III sec. 13, '1'. 6 S H ,)f' :,Ull ollnt}' is tIle 3 -0- f . 

11

"1 I I' .,. _4 1;, lIt' . 1)' ,{ {- oot .\1'1"1- 11 
. (']'-lleal'll]'" I' '., .aI llna. '1'1'., ."' v\. WI' , 

The (fPolo<riro SfUlt S helow 1,000 fcet the I' Jl::i \1 ell J)('llP/rated fin 

tailli1~g tlJ~se S~l~'l(;l [~~d ,,,.tJ'llcLlIJ'e of th~\ de('J~l~~l~~;~l~j ~l1e Ht. 3/i30 f('('t. 

]'PllC{, of Watel' ill tl ds!s not kllo\UJ, aIld 110 ~Wl)l cd. sedllllellts rOIl-

I
. Jell! 1" oil' ,. I . ., alla t lOll f f IJ 

Se(lI11Pll/S{lJHlnl'('])l'l LlCl. Ihspossihletl'l J ) W()('CtlJ'-
1 If I older than the l'II'(, I '. I 1.1, t IPY 111'(' 111lll'illl' 

_ ( \ I I )(l( S. . . 

GILA HIYEH .\:,\D SA:'\ SDIU:,\ Clll.;LK, .\lllZII2'\.\' 21:3 

thnt was abandoned beforc 193:3 was drilled to a depth of 2,M3 
Ashurst, in sec, 30, '1'.5 S., R, 24 E., about 2)~ miles southwest 
Bot Springs. It is reported to haye yielded strong artesian 

at depths of 430,620,1,515,2,075,2,210, and 2,405 feet below the 
The water of the dec per flows was highly mincrnlizcd and 

The rclntion of the bot W!lter encountered in this well to thnt of 

- -- --- - -'- - - - -- -- - - --- --I 

,----

N, 

I 
I 
I 
I 
I 
I 

___ J 

-------------
1000 0 1000 Feet 
~--~--~I_-----~ 

:FWUH;; :n.--:\Lljl IIf ThatdICr, showing \oe,;tion of wells, I'J:11. (~ee wells lr,I_ISO,tabJe following 
p,222.) 

Indian Hot Springs (pp. 21G nntl,217) is not j;:no",ll, hut possibly the 
:deep water-]waring beds arc the samc ill both places. 1n Februtlry 
1934 a well WHS ]wing drilll'ti by K G. l\ogt'l'S in the :\E)~ sec. 5, T. 
6 S., n, 24 E., in the expectation of stril,ing nrtp,')iall I\O\I'S of hot water 
comparable with those obtaiIlt'd at Indiall HoL Springs an(1 the \1:1Ck 

well amI formerly ilt the Ashurst well. 
The Soutlit'l'l\ Pacific Co.'s wpH at Saff(}l'd, aL t\lP placc when' the 

eie-vatpd wntPi' tHnle stooll in 1\):)4, was drillc(l in 1\lO(j-7 to n depth of 
1,820 ft'd. (S<'e log, p. 20:2.) This \\,('11 is j'('portell10 1In\'<' tl()\\'ed warm 
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salt water for nIt . UNlIbD STATES 1[),>-
" s lor tune N ' ," 

of the depth at whic1 " 0 record was kept of 1 ' 
allalysis of the wn tel' i~ ~~Te .~\ ~ tIer stood in the well

t 

I:l:~ mpera ture Of 

In the southeaste ' ,aI a ) e. " ( no ("hemical 
well I ,Ill part of l' 10 S . s~ tie "'hitlock Nos 1 . ., H. 28 E, two II " III dr II' ' , and ') f tl ' ' 0\\ lito' 'I·t ' 
, I lIlg ullsuccessf II f ' - 0 ll' PlIlaI Oil C h ,I bInI) 
III plate 53 A ,U?T or 011. The Wl'tl ITO" w('re obtnill'J 

f 

" was dnIle I ' ~ II 0(" ( No 1 T II ~( 
so t, warm water ( (1Il 192, -28, It Tiel ' "e, shOWll. 
depth of 1 445 f tempernture 105° F) f? cIs n strong flow of 
beds, were' enc eet

t
, aboye which only d'~" 1011n ("ollglol1wratf' at n 

d 

oun ered A fI '.' ane sand PI'} II 
a epth of 1,750 fe t '". ow of sulphur w,t .' O)a) y lake 
of 1,500 feet e, Lllllerock" w'\S " el was struck flt 
1 _ ' and the well, . <, encountered t 

,92.) feet and finished' (( \\ as dnIled thrOlwh tl' t a a depth 
the dischnro'e \\"\S t' III salldy lime." "'hen atl llS 0 a depth of 

(500 

a' es Im'lted I . tl' Ie well \\"1 ' 
,000 gallons) l' ')4 I' )} Ie c1nllers to I)e ' } , s completed 

t 1 Jl - lOlll'S 1'1' ,,)out 12 000 I 
" ,t >c ",>;ing ]",d, The P: 'c d,ednu'ge i, oonlcoll' ,,,,,,,,b 
dnlled with c'lbI t 1 lIlal 011 Co's "'I 'tl I cd by a yahe , ' e 00 s t ' 1 ' • II OC - K 
pIpe full" of luh' '" 0 " ( eptll of 1,555 feet It 1''- 0, 2 wPII, wns 

II 

'- \\ ,I11n WH tel' 'fl ,( Iscllllr(re~ « , 
we wel'l' not asc ,t,' . Ie depths to tl '" OJ a 2-1I1Ch 1'1 1 ' ,eI ,Hlled, Ie waLeI' sand,' tl' 
. \(' ocu tlOn of well. . OJ l\l lIS 
III HJ34 is shown i} s In tlIe towns of Pima l' 
writer 011 these'1 d l fitl1gures 31, 32, and 33 :rl IIaI tchl'r, and Safford 

t I 

,11 0 IeI' well' I . 10 ( a ta colle tIl 
a t Ie (,lid of tl . s III t Ie ynIley' . C ('( )}' the IlS pnper. " dIe pn'sl'lltccI' tl 111 )(' table 

SPHIXGS 

Tlw Goodwin S :' . 
near tl ' ' pllllg, III Gooclwi "'" . Ie e,lst boundar! of. 11 ,lsII, sec. 35 '1' 4 S 
seepage from the 11 ,? the San Carlos I I'" . ,., H. 22 E., 

J 

a m'wl 0T'IV If' lIe I.1ll HCSCIT t' . 
011 nlluan~ 10 19 '" < e 0 the creel' b . a lOll, IS n " , 34 \\"\ b '- 0 tt Olll '1'1 I' 
reported to 11'\ ' . l' ,s a out 8 o'nllolls' . . Ie (lsdlllJ'''e , \ e VIC cIe I 1 '" d 1111l1lltt' '1'1' ,.., 

, Severnl sprill";' yie] ~. llluic I more copiously SOl1](, . lIS spring is 
chscharo.c iss ""1" (lllg ess thnll 100 '11 yellr

s 
ago. 

M , •.•. ue a OlW tl I ' ga OilS '\ . 
100 fcet abo\'e t1 M .11' S oplllg terrace eS("lr ., mllllltc in total 
23 E, The \\"1t~; 1I1111\'lallo\\'hilld plaill ill'Sl:C~)};I~'llt tlwt ri,,;p,,; about 

(?) gra\'d, se\'~r'11 fs~etmts'I' ~o come from the i)'lse' of' alld 22, '1', 4 S., R 
< • ' ,C IId- I' ' ., pOl'O , 1)1 . 
,riilG eln \'s of pJ' . \., \\' IIch caps ab t ()O u"; PI,,;tO(,(,lle 

. . IO( CIlI' flO'e e ,- Oll ,u f('et (f 1 
lJ1l1leraJized HI 1 " '", xpos('(l 011 tJ)('Ilill " I, " ) ('IlSe lacu,;-
'\' )( Is used onl 'f . . sl( ( . 1 he \\" ( , .' I' 

.r Spl'llW nbollt 1'1 ) OJ, wate],]lIo' st()('I- ,I (I IS llgld\' 
to JllI C' Il( rtl " ' ... , ' 

cOJ']l('r of sec ')" '1' . ), IC'ast of Fort '1'1 '1'1 . , '. ~.), . 4 S H ')'3]" 1001lns, 11<"11' t1 ' 1 
. IC'\\,'atl'l'issupsfr( tI' ',' .~. ,<..., yiplds abollt" ' ,I( SOllt 1\\'(,';1. 

1 

)1J1 Ie h'l . f ])1 . \l "a1loll' ' 
lIlg «'I\",e clays of tl . })I' ,OjC () eistoCPI\(' (?) t'.·'" s n IIl111U{('. 
,t I . )( IO('PII(' J I 1 . (11:lCl' "]"1' I s ()('.;:. a.;:p )('d' '1'1 ' ,... . \ (' ove]'I\"-

'1'] "'. l('SPI'lIl"iSll"1 t " 
)('r('sidellt'ol'EI . ,",' S« ownl,·!' 

b 
. OJ < (ell I o tam their \\"1t('., ,ll seC's. 28 nne! :{:{ T ,C 1) . 11 ' 1 supph' fr ' "j ,), \ ')4 F y]() ( about 1 n'l . Olll a sllwll sj)l'ill f' . - ,.,llol'lJJ:1lh' 

f. II e 1I0l't hl"l . t f 1 ' g () se:1soll'dl' ' . 
lOJll n sllJ:111 eXi::1\" ( ,'s 0 (I(' s('(tlt-JlI('lIt T1' , ~ \'arJ;1ble 

.1 lOll 1Il tIl(' jJo]'ou,,; "I" ' I l' IP SJ)]'II1" IS";111':'; ,...d\e )ottoJllof:1 . ~ 1111110]' !'('ell-

in the {nee of the lower terraee. The wnter is stored ncar the 
in a smnH connt'te ]'('seryoir, from which it is piped by gnlYity 
settlement. The spring dries up during scYNnl months of eaeh 

, and drinking water is then hauled from the Rhodes wcH, about 
Iuiles to the northwpst. The wn tN of neHrer wells is regarded by 

residents as poor in quality. 
smnll spring in see. 5, T. G S., R. 25 K, about n~ miles northeast 

Bryce, flows from the basp of porous eongl
omNa 

te that caPS 
ble Pliocene lttke beds. 'I'lli' spring yiplds ahout 12 gallons 

te of water at n temperature of GSo F. nncl is used to watcr 

(Seoana1ysis F, p. 222,) 
At Bear Springs, in sees. 1 and 2, T. 7 S., R. 23 E., two springs yield 

er from sand in the Pliocenl' lake beds ",hN(' these nre dissected by 
. heads of smaH streams. The spring in see. 1 yields about 2 gallons 
Ininute but has not been llst'd, The water has a te]11pNatu

re 
of 

F. (Sec anrrlysis G, p. 222,) The spring in see. 2 yieltl
s 

about 

rr gallon a. minute of rather salty water. 
A spring yielding kss than half a gallon a minlltl' in Cottonwood 

in the SE% sec, 5, '1', 7 S., R. 24 E., isslles from the bnse of n, 

Inyer of gJ'tlyel capping Pliocent' lal,e beels. 
A spring on tht' Pnce estate, in the S\Y% sec. 3, '1'. 7 S., H. 25 K, 

about a mile \\'pst of 'l'hatchN, at thC' sOlithNn ('(lge of the allllyiai 
yicld,,; ahout 5 gallon,; a minute of rathN alkaline watN. 

water of this spring probahly issues from a sanely layC'r in thc 

lnl,e beds. A spring ImowJI as the portPI' Spring, in tll<' sOllthpast!'1'Il pnrt of 
T. 7 S" 1\. 25 K, which yiP\(ls less than a gnllon of watN a minute, 

p,ob,b 1 y i"ue' h'om " '" ndy In), N' in 1 h, 1'1 iw"-"" h> ko b,de, It i, 

used for watering stock. A spring in the ~,\"~.; sec. 5, T, 7 S., R 2G E., which yi('lcls less than 
half a gall Oil of wntpr it minllt(', i,;stWs from thC' bas(' of gra\"el capping 
the Plioc('lH' luke \)(,(\8, on th(' fnce of the 10\\'('1' tC'rra('e ahollt 30 feet 

aboye the alluyinl plain. A small sC'C'pag(' of wuter in the \wHom of Stockton ',"ash cast of 
Cactus Flat, in T, S S., R, 2(\ E., isslles from allllyi1l1l1 whl'l'e formNly 
tlwre was sllfli('iellt wnl('r to c)'entC' It marsh eo'.'rring JI1nlly a{'r(,s. 
This seepage \\'ns knowIl as th(' ],()\\'('r Cipnaga , or Solomon Spring . 
The watPl' was t1sC'd fol' irrigation until the snpply failed. The 
cleerense in dischargp is l'l'portl'd to hnYc t<lkl'll place shortly aftC'r the 
drilling of fOlll' !lowing ",dis at ;\rtpsin in lH2\)-:30, and th<' possibility 
is thl'rdo\'(' suggpst(.d tlInt tl)(' sel'pag(' rises from tlle nrtesian watpl' 
sands UlHlnlying this pnl't of (1)(' Ylllky. The SHJl)(' C'xplall

t1
tio

l1 

may 
be applicahl(' to sP"ernl ,;mnll springs ]\l10"'Il ns Cienag

a 
Springs 

(p\. 52, U), in .}n('oh,;on '\"llsh, in ,;pc. n of thp samC' towllship, and '\1 wI 
Spring, ill SP('. 17, ~(,v(']'HI fOl'llwr "11111<\ spring,;" in the vicinity of 
('[ictus FIn! nlld Artpsin Iln\,(' \W('OI1H' dry sillc(' nrte,;inn wclls have 
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-been drilled. Abundant frngments of pottrry near thrse sprint>, 
give evidence thnt the ahorigines camped in thril' nrighbbrllOoc/. " 

The health resort and hotel known as Indian Hot Springs CPl. .5:3, B).'; 
in sec. 17, T. 5 S., H. 24 E., is nt the bnse of the middle terrace, abol'Jt 
5 miles from the base of the Gila :;\Jountains Hnrl 8 wilNt northwest 0: 
PimH. lVithin the grounds fi \'r springs and a [Ion-illg well (87 ill 
table following p. 222) han a combined discharge of nbout 320 g~nlIolls 
n minute. ,Most of the wnter runs in ditches directly to tIll' Gila 
Rh-er nnd makes n small contrihution to the HllIount of wntpr Il\-,lil. 
nbh' for irrigation. A relatiYCly SmUlll11l1otmt of water is lIs('(1 at tIll' 
resort, where it is the supply for sen'ral Roman baths, n lnl'gc 
S\\-illlllling pool, awl the hotel. 

The springs and flowing well 87 arp nil \I-iLltin 300 ft'Pi of the hott'I, 
in n smnlll'eentl'ant in t/tp face of tIl(' middle terrace. The rocks Ilcar 
the surface are lntp Pliocenc sedim(~ntllr'y bl'ds of lncllstl'ine origin. 
Their structure could not be detcrmiul'd directly, bpcHuse of an obscur
ing mantle of grtwrl awl soil, but faulting in tll!'m is sllspected, n5 
oxpltlilled below. 

IYell S7 is nhollt GOO feet dl'ep Hnd disclIaJ'gps Lj() gallolls n minutt' 
of wa tel' 11 t It tempera ture of 11 9° 1<'. Spring]3 yields 14:'5 gallons of 
water n minute at l1Co; spring D yields 10Jf gallons at 116°; spring' AI 
GJf gallons at llSo; and spring' C, three-fifths of n gallon at 8J o. 
Spring E is a slow seepage of wnter at 1070. 

Samples of water foJ' analysis were collected frolll tlw ,,-ell nnd from 
springs A, B, Hnd C. The annlyses (p. 222) s/tow tlwt nil tlIe salllpll'~ 
contained It comparntin'ly large amount of disso1ypd solids. Tilt' 
diil'erent mineral ('onstituPllts were present in ('nell sample ill about 
the SHme Hlllounts and proportions nnd in !lendy tIll' sallle DIllOllllt3 

and proportions ns in a snmpln of \\'ater collPeted froIll tIl('. dppp :'.fuck 
well 97,7 mill'S to the SOllUl('ast, near Pillltl. From tIll' similnrity in 
the cllPlllienl composition of the wat!'rs at lndiun lInt Spring,; and tlIt' 
fact that tlto waU'r of \\"(,11 1)7 l1nd tlIP three springs tlwt flow 1ll0,;t; 
eopiously SiIO\\' 11 \'tU'intion ill tellljJ('l'Htllre of only 2°, it 1111l~- be infelT('t! 
thnt all the water issues from the snnw horizon. The otll!'r springs. 
C and E, 1I1'(' cooler, and tIl(' \\'ntpl' of tIll' :'.lack \\'(,I! is 2()O hnttl'!'. 

TIle tpllllH'rntlll'C of spring C is :3;')0 l()\I'('1' tlwil tIll! t of spring .13, 
which i,; i(,,;s tllan 2() fcpt distnllt. As tl1l',;n spring,; yipld WHtpl' 0;' 

sinJiitlr Ji ::)('1'nl COlltPIlt IIIld aI'{' t11(,1'P[01'1' prolinlily supplied frolll 
tlI(' Sllllll""JJ'ee, tllO dill'r'l'('l1ee in tllPi!' tPlllj)('1'UtIII'PS i" jl1'ohHbly rill' 

to trIO gT" ·lil/'1'/'('llc(' in thpi!' rates o[ [/011', tlJ(' \\'H(p/, [/'Olll sprillg (' 
being co, ~() II t(,llljl('rntllJ'(' lowe1' tlilill (hnt o{ sprillg' B b('cau,;(~ it 
]'];;('s 11)(1) 'Illy t.o the sllrfac('. This implies, of ('ours(', tlwt till or n 
pl1rt of i: ;!scent is !llad(, tlmlllglt illdqH'lld(,llt. OjJt'llillg'';. Tlli,; 

~;'l{lI('('/lfl'1, " '" Indian lIoI ;";prifJ~s, (tJilllam COIIn/y, .\riz.: \\"lI'iliillC:lorl .\f':td .. "id. JuUI'., \'o/. '!:" 
. no, 0, pp. IOU I: 

L SUR:':'E:'Y~ ____ ----__ -:----------__ ~------~I 
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also applies to the temperature of spring 1;:, which is go 

than thnt of spring B. tell1pernture of the well Wllter and the three principal springs 
Hot Springs twernges nbout 117°. If it is assumed that the 

rises from a ckpth of only GOO feet, the depth of the well, then 
unus

unl 
thcnmli conditions must 1)(' invoked to explain the high 
at this cOl1lparati\"ely shnllow drpth below the surface. 
, ho\\"e\'er, that thc water comes to the surfnce through 

, perhaps caused by faulting, from un artesian source much 
than 600 feet and that the well ]l1crely taps the upward-
streams. If there were an increase of lOin temperature for 

each 57 feet of increase in depth, as suggestr(l in the following 
phs, the wutN would rise from ft depth of nbout 2,500 feet. 

of the depths of \\,rl\,;, rsppciilHy of the ckcprr wrlls, given in the 
e of well records (follo\\"ing p. 222), were reported to the \\TitN from 

by yarions prrsons, some of whom had in turn acquired their 
by hrill'say. ).Iost of the wntrr trlllpNatures nre those 

by the writl'l' at the mouths of flowing wells and probably 

slightly 10\\"('1' than the temperatures of the water at llepth. Some 
is lost by the waiN' in its nSCl'nt to the Sllrf11Cl', C's]wcinlly in wells 
~Htye only Slll,lll flows, nlHl as many of the wclls arc not cased 

water issuing from a giYl'1l \\"ell may COIlle from s(\yrral horizons 
which the tcmperntllrr;'; diner. In general, ho\\"C'yer, by far tile 

dischnrge is from the bottom of the well, awl the cooling; effect 

water from higher kwls is small. 
A depth-tl'lll])('rntur<' study of the ficld data on 78 wells was made 
H. C. Spicer, of thr G<,ological SUI'\"r~', and his computations, which 

one exeeptioll wNe based on wrlis ranging in depth from 100 
1,450 feet, indicllte n rise in temperatul'C of 1

0 

F. for each 57 feet 
depth. TIl(' telll\>prntUl'r of about 1:35° F. for n (lepth of :3,540 

as computed from this gradient, chrcks surprisingly \\"ell with 
mcasUl'ed temperature, 1:3So F., of the watcr flo\\"ing; from thr 

mouth of the :-,fack wcll, ill src. 13, 'J'. G S., ]\.24 E., most of which 

comes from n !lori7.on nt thnt dl'pth. 

The chrl1lical chnrnetel' of gl'oull(l \Ya/('l' in the yalky of the Gila 
River and Snll Simon Cn'l,k is indic,lted by Jlilrtilll nlll1lysrs of sam
ples from;j ,;pring's and ,1-1 \\"e\b. The nllnl~"s(',; lll,Hlc hy the Gl'ological 
SUrYry illdiente tltl~ suitability or unsl1itnbilit~' of Wilter for ilHlIIstrinl 
use, for irrig,ltion, an(l for domf'stic u,;e so far as sllch use is llHertec\ 
by tho dis,;ol\"ecl lllinprni lllnLt(']"· They (lo not show the sHllitilry 

condition of the \\",tipr,; l'x'IJllillC'd. 

By E, \\", LOI'" 
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- The chemical constituents determined (see table of nnalYsrs, 
p. 222) are iron, calcium, magilesiml1, carbona t<', bicarholln te, sulphntl', 
chloride, fluoride, nnd nitrnte. Sodium nne! potassium were enlcu_ 
Inted ns sodium. The total hnre!ness was calculnt<,d wll<'11 both tIll' 
calcium and magllesiUlll were determined; othcrwise it \\"11S determinl'd 
by the soap method. Silica WIIS 110t detennined, nncl iron onl.Y .~rhl'n 
nn amount in excess of 0.1 pnrt per million was noted to he present. 
The silica present in the wHters will probably ayerage less titan 20 
parts per million, and the iron less than 0.1 part ])('r million. Till' 
figure for total dissolwd solids was obtninecl by sllJ1l111ntion of tllP 
minernl constituents, both calculnted l1nd determined, silica not bein(1 

, b 

included. The usual methods of analysis 40 were llsed. The fluoride 
wns determined colorimetrically. 

TIIC' 49 snmplC's C'xalllil1C'd are maillly sodiulll rlJloridc, sodium ear
honnte, awl sodium sulplwte watcrs and are ratlH'r higldy minC'ralized. 
There are only three cnlciuIll cnrbonate waters nnc! n fl'w thnt are of 
mixpd typp. Sodiulll is the cllief basic cOllstituent in 40 of the ,,'nlprs. 
Chloride is the main acid constituent ill 32 of the samplC's, cnrhollute 
ill 12, and slllplwte in 5. TIle coneelltrntion of tllesp thrN' acid con
stituents is ratliC'l" high ill nearly all the waters. 

The higll mincralizntioll of tllC ground wHlers is dIll' cllidly to the 
nridity of tIle area and to the lacustrille origin of th(' W'ologic forma
ti{)ns tlJl'(Hlg:h which tlle wntprs 11lrgC'ly pprcolnt(' nnd from wllich most 
uf tllClll flow or ar(' pUlllped. The rnpid eyaporntion of tIle \ruter 
from thC' surfn('p causes n concentrntioll of soIubl(· salts ill the top 
lnyers of tIle soil, and the wnler tlwt percolates do\,'nwnrd to become 
ground wntcr is tllerefore more higlJly chargpd witll milleralmnttl'r 
tholl pel'coln ting wa ter in n h u1l1icl m·en. )..£o]"po\'C'r, sedimen ts Wllidl 
arc deposited in lakes that do not o\'erfJow are c01l11l10nh' illljH'pgnllt<'d 
with soluble salts, nnd the lacustrine origin of the principal sedilllpll
tnry deposits of tIl(' Gila and Snn Simon \Tnll('~'s mn." tllprdofP [)(,(,Ollllt 
for tlle mtller highly minC'rulized \rate'rs of. tl!c· rl'violl. 

'1'11(' qUHlit.\, of ,,'ate)' tllllt ll1Hf be ('())Jsiderpd sntisfaetoJ'Y for drink
illg alld foJ' domestic use dC'pelJds on Ill(' jo{'nlily alld tIl(' illdi\'idlllli. 
TIll' limits adoptpd hy tli(' United States Tl'C'[l,mry D"PIli'tlllplit to 
g'()\'f>1"l1 tll(' qunlity of "-ntp]" llsed for chinkillg (Ill illlt.)',;t:lte c:ll'J'iPJ''' 1I 

lwyc' 1;(,pll "'idpiy used 11S gelwral stlillda]"do: foJ' dOJl]pstic ",:lter sllpplie,;, 
The puhlis]J('d stn1l(llJl'(ls indicHtp tlwt tlH' limite; 111'(' lIot ('xj)(,c(l'd ((I 

be "cry l'if.;idly enforc('(l. Jt is COlllllJOJ] C'XPl'l'il'll(,p tll:lt llIHlI.\' \\'lit!'/':" 

ex('('erlillg tl)(' limits ill SOlll(, resppcts 1111\'(' b(,l'li 11:<('<1 for IOllE'" tilll(''; 

witllout all~' appnJ'ellt lwrmflll efl'(,(,ts. '1'1)(' limits SIJg'f2;<,,,tc'd 1),\ rill' 

"L(,ollin:::., \r. D,. X()t('~ on pradi('al W)jtpr an:d.\'."ds: (;('01. Surn'y \rlilf·r-.-.:I1Pp!Y Pap!'f .'ill/i. I'i 

2f;/i, l!t.!,'. Postt'r, ~\I. V., ColorimetriC' d"/I'fminal fOll of fllloridp in wall'f, l1:,i/ll' h'rri{' diloride: ll~ 
Eng. CJH'lIlisrry, nnn!. ed., vol. .~, pp. Z:H-2:W, IH:1a. 

i1 ])rinkill/f-water stalldanh: staIJdnrci:- adopt I'd hy I tw Tf('a.'llry /)I'parf fll(,llf JwJP :'>(1, or.!,), (or ,j 
and culinary water SlJppJit'd by ('OIJHWHl earrif'r." in ildt'r:s:tlltf' ("()lIJlllf'f('e: j'UliJic IIt';dllJ Hf'ph . ;, 
Iff.W, AI/ril 10, HI'!,). 
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GIL.\' • . 'ilion iron 0.3 
. , 000 parts pcr llll '. . , 

DepartJ11t'nt arc tot:l1 soh(,\~~o )arts, find ehlorideT200 ~)l)It:o~ 
csium 100 pfirts, sulpllUh -G'l: nd Snn Simon '\ nlle} onl} 

mag
n 

np1l'>; examilled from thC' 1,1 ;'rl"lsurv Department, hut 
the ~i~~lill till' limits su~~ested hYl.th.Cts '111:1 nl:(' rq)()l"ted to haye 

were" t f. ' from the Ulll, , 
others W(,}"e no ,11 , • " r 

used without iI.1juriou~ .e~C'~~~~ll1estie use may hI' unsulb~b~~':17Y 
l' t is sntIsfnC'tol) OJ 1 ss is the most gen , • 

ter t 1,\ . l<'or industrial usc IH:l"C l1e ,.llcss of 100 ports pN 
1 usl'. . \y tN WIth a h,\lC I . \. nor 

chHrncteristH'. n " 1 for usC' in lnllll( ne5. 
' r l'conOI1lH a . 1 pHv 

. 11citllpr sntisfndory no 10'11('1'5 Hnrdl\pss IS c 11 . '1 
IS . ste'Ull) . . . t WIt I 

(tl ut treatment 111 • '. These cOllstItUpll 5, 
use "I 10 . 1 l'l rrneSIll Il1 . l' tC'1Jl1 

b • snlts of calclllIll an( n.' '" I" 11 the senle fount 1Il s : . 
J . 1') practIcal ~ n l' tpnm-hOllel 

find iron, mn "e 111 thp trouble C']lCOllll terec 111 s 
nud cause much of 

( "1, lliYC'r anel San 
1 "Ut'\' of the ,I ,\ 1 <y 

. nn'llyzed from t Ie \ ,1 . 't' of ca!cimll nI1t 111:1",-
wntels, '. . 1 '0"1' qllnntI II'S . f t 'T for 
C' 'ek do not COil tam :Un' 1 • wOll1d bl' satIs ac Ol} 

It nnd in this respect tIe}. nt of the wntC'l'S bnye 
, Ahollt GO pelce b't\\,('{'n 100 

inclustrinl pllrposC'~. t 3() percent hnye hardllpss ;00 . 
less t.han 100;.n )Oll . . 1 '1l't\ness rrrea tel' than '. ts 

1 the remalllder hn\ I' I' . "'1(' forming COllstltliPn ' 
300; ant ," I( not contmn sea - , f sodium 

Although th:~p.wat(~~ ~)/ tllelll contni.Il 11~r~e n.lll~~~Jllt~(~llC might 
. 1 0" qu'mtItIe:o, mo, f Ill" 111 hOI us. 
III ar",t' '11 1 likdY to cause oam '" 1 t hi"h ratings. 

nncl wou .('os:~n if ;Ispd in hoileI."S O~)crn te'\el;Hb c:n n number of 
even cnuse COIl 1', f W:ltcr for irI'lgatlOn dq _, t.. Among these 

Th(' sllccPssf.ll. llS~(:) tIl" l'(;mpositiol1 of the \\.1, \~~'(l raillfnll, and 
fnctors in ad.dItlOll f tJ ,iI, the amount of wnt.pl 

1. t'11'll c'll'll'acter-
tC'f 0 j(' ~", , l' 't jor eer : " 

are the charnc,' f' 11 ,12 in I,':; suggC'stNl IIll} s 'tl' tlit' I'mwe spec i-
d . Seo Ie ( 1 'a ters WI ' 1111 '" 1 
. raU1l1gc. '. t, i'l upnpJ"a , \\, , I f 1 whell lIS('( 

isties of irrigatIOn wn pl'\~':' :~'e not likel)' to 1w InI'Ill'(~II)I'('SeIlt C011-
• J 1 -PI' set () " .' lowen'r, I . 

fled III two:' . ' t' '[ ii" lIppN lIll1lts, I . l't for irrirration, 
1· "llTwn lOll, ' 1 tl' \\"1 tCI'S Ul1 I " in OJ"( m:lI J ,., . , l.cly to ren( ('!" )( , I' their en-eets 

. tl 'It '1l'C Y('I'\ "" • 1 t r hec'\u,;p 0 
cent ratIOns I, , I ,,' i"{'d,; OIl thc' p lIll so' , 1 'lOWN limits 

J 'I' of t I('ll I'" ' tI II)jlN nIl( 
either )ecalls. t " liolls l)('t\\'('('11 ,IP 1 . tl ' composition 

t l 'soil COlj('ell 1,1 1'1 Ipjl('/lChllf.; on]( . l' I 
on J(, . ..)'\' 10 nop,; lIll( SOl, (, I . J1l'lJIl1cr JIl \\' lIC I 

mny not e:lUS(' lT1JI~ : .. ('/Nisties of tl)(' Jaml, and \]( , :"y('>;t('r\ limits: 
of titP wate.!', tli(: C l'I:]~lli(' following tllblP slio\\'s t ](' SU"'''' ' 

1 " tN IS llS( (1. . ' 
tIe \\ ,I ' , I'" fill' itOqllllllli 

, ' '.,' , III 71//8I1jf' 1/11 II,' .:......._--- c--~' ~ 
"I/(Jfl('~/"" III/Ills Jllr SII)' III ___ ---.---- ., .. - "lfl" \ CIf. '"fe: 

• , - - ,----- --~- ( ,,< " _ ~Iort' than~ 
\ Lt':-;~ than-- '1_'_---

C(lIl~titllPnfS _______ !I~~i 

-.---- Jjart:; pt'f lllillioIL- 1, ;)0 
-- __ .p('r<·t'lIL~i l~rl 
-~~i);l~i~-lwr million. I, H'l 
- _/1°----1 
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'1'l1e percentage of sodium is obtained by di\'iding 100 times t/I~ 
fignre for sodium by the sum of the milligram eqllin11Pnts of cnlcilJl

Jl magnesium, and sodium: , 

NaXlOO " 
-C~+'-[ +v-.=percent ",u u. .l..\ g 1, n 

,ritll these limits as a standard for classification, about olle-thi~l 
of the waters analyzed from the valky of the Gila Rin'l' nIld San 
Simon Creek would be classed as safe for irrigntioll, onc-third as llot 

determinable from the factors in the tnble, und the relllnining tllird :i," 
unsafe, 

The presence of fluoride in nntlll'al W(1 tel'S has been knowll for 
some time, but tlJC relation of the OCCUl'l'Cnce of fluoride in water to 

thc dental defect kn0\\'11 as mottled enanwl has only recently bc('n 
genernlIy recognized, Residents of the Gila nnd San Simoll Vallf'\,. 
especially natives, nrc commonly afflicted with this dentnl dde;t, 
wllich is thus dcscribed by Smith and Smith:~3 

Therc arc ccrtain scctions in Arizona and many parts of thc world \I'hcre e\'('r," 
native-born inhabitunt has the peculiar defect of permanent teeth known :h 

mott.Jed'cnamel. i'viottlcd enamel is frcqnelltly referred to as "1)/'()II'n stain", or 
simply "staincd teeth", but the staining is a secondary phenomcnon and should 
not be confused with the defect itsclf. Thc most outstanding charucteristic of 
mottlcd enamC'l is its dull, chalk,r-II'hite appcaranec, Sometime:, the II'hllle toot): 
has lost itA translilcency and presents an unglazed appearance, but ill mild,'r 
cases paper-white areas are distrilJllted morc or less irregillarly o\'er the stlrfal'" 
of the tooth. The enamel may 01' ilia." not stain la tel', the color of the stain nil','" 

ing frOll! almost black through orang('-red to ,vcl!O\l', hence thc Iwnw "browli 
stain." Usually al! of thc teeth, though the.l· may be mottled, are not stailll'd 
the stain being morc Pl'Ollollnced on thc upper e('ntral incisor." The general tend
enC'y is for the stain to follo ll' the lip line, and thi" fact Sllggcsts that eXj)OSlll'C til 
ail' and light llIay bc a factor in its pror/llction, In sen;r(' ('ases of mottled ClIl111WI, 

the cnalYJcl is so dcfecth'c that it is badly pitted and ('orre" It'd and the teet II are 
structllrally weak, the enalllel tending to chip off. Mott I,,' , ,,'I h, though perhajl., 
no more subject to decay than norlllal tt'cth, do lIot hold!; ", \l'ell and detcrin-
ratl' more rapidl,l', PaIse teeth alllong yOllllg adlllt:; ill ." ;flllllllllit}, in IdIirh 
motU{'d enamel o(>curs are /lot IllICOllllllOl!, "[otUcd CIlUII,' ; i.s primaril,I' 11 drfl't't 
of the second or per1l11lllent set of teeth, for only rarel,I' kll'(' eases of mottled 
el1!lI11el of the telllporary or dccidllOliS teeth been o/)sc)'\'('d. 

As to the toxIC cOllccntrntion of iiuorlne in dl'inkillg: \\'t) tel', SlIIith H 
has stated: 

Xo Arizolla Intier has yet heel! fOllnd containing as Illifeh a,~ LO pa/'i P"/' millil)l, 
of fluorine \l'hieh has not I)ccn demonstrater! to calise lllott1{'d pnaml'l, al,<I Ii" 

water with a [Jilorino contpnt lcss than 0,/\ part jJt'I' million has I)('('n f'JllIld 1" he 
associated \\'ith mottled ClIIlllWI. 

'I'll(' ))J'psence of toxie quantities of fluorides in wIliers ill Gr.dI11111 
C(Jlmty ap]lelll'S to be asso('inierl \\'itlt n Iliglt eOlltl'llt of SOr/illIll :,nlts 
and with soft Wl1tPI' rather tIlall Iwrd, -----

n .~IJlith, H. V" and Srnit11,::\f. C., ::\follll'd en:lIIlei ill Jrizona and its ('OITf.'f<lliIJll willi flIl' {'(Jf]('l'ntnrill:~ 
of f1llOridl's ill water "l1ppli,'.)'~ .\rizona r-ni\'., Collp:';l! .\!.!l'., Tel'll. BIIII. I:;, p. 2,,1. J~n:!. 

if Smith, 1I. V., Delrrmirwtion 1)( iluorirw jf) dri1!kjn~ Wil'l'f: l'Il!IlP lri")n "r "f" I 

lL,,!JIIH'IJI of tode ('qlw!'rd 1";11 ion f,.\ 1 hp,':' , .. 1 I, 
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Ie waters analyzed from tlie vallcy ~f .tIle 
fluoride content of tI .' d f: 0 to 15 parts pel' llulhon, 

I S S' non Creek range lom , , I 
River allC an 11 , 'I 91 'lei 1 pnrt per ll1llholl 01' rss, 

r 0 test for fluorIC e, 1" , " 
2 samples ga, en" ,t In the samples tha t ,\ el C 

h d nore th'l11 () pal S, fl' 
':>0 samples a 1 .' , f il .' I, O'enrraIlv ,,-ero OllllC 111 - II t 'lntltIL'S 0 HOllC ( b,) , , 

the sma es qu, L I I the hro'est qUHntltles _~lIl1JLH~~ 11 I than ':>00 feet C eep, anc .., b 

from we s ess ,- ,tl 800 feet drep, 
' t from wells 11101 e lHll f 

found 1I1 wa er 1., I efIieient method known 01' rPllIo,'-, t present no c leap iUlC , 
. IS a 'f . I stio use, 

fluoride from waLel °d
l 

,c °1!,l1e '0 tel' S11pplies that will be useeI by 
, tl t 1'1n dnO'-" " , r 

seems ObVIOUS lH _ b nly from wells whose annlyses mc 1-

children should be taken.do ,. p, J • 11v in most nrighborlioods ' 11 ts of fluon e, 10 ),l),} ,L 

.very sma am~un I' ,'II leet this reqUlremcnt, st one convemcnt well supp,\ ,\1 11 

A;.'ALYSES A~'1) ,n';LL BECOR}):'; 

. I tn tll'lt were collected concern
accompanying tables prr;sent C ~' 'l}y'"es of some of tlir waters 

435 wells in the area exnm1l1C( , ll.", 
')')') given in the one Oll pnge ~--, 



, "j j " J";, \.."- !"\ I 1 j \ j ,I i. ~ )1,,~)(; Y A (It-' L\ITE1J ~'L\.TF:-; 

_ /talyses of water from well.~ and s~. . " , l!J::' 
Simon Cr~elrG~~ha1:'~ cthOe!I~,al'YllleYlof the Gila Ril'''r a ,I 

(Parts per million. ' • rzz ' Ilu 
Numbers correspond t " 
reler 10 spring; dcscril~t~~ 1~~"~:7r~l~n 1~!loWing tahle, 

, 'l'olal 1 1 SO<liUn~ - I" w, 1,Olllr, anaG I~~\",SA I' E, C, 

Date 01 s~l~(;d Cal,]\f and I 
collect ion sol'"ls ciUIll i Ug"' potassi· me-" S ' (C nesnllll 'llI' hi"';'" ',II' Chlo· }'Iu, .. i 

(caleu. ,3) (:\Ig) (Na+K) (ncJ" ]l~I,'le n,hl oriole :->" i 
law!) (Calcu,'\) (bO,) (el) (F) Ir,ate 1 

No 

, __ ~ __ 0_' luted) ~ ,__ __ __ _ __ (~O,3) I 
5 ~ov, 22, 1933. 531 ' 

I 
~ov. 23, 1933. 2!16 ' 47 L 140 0" ------

16

1 

Nov, 22, Hl33, I 33 6 5 -" 80 1'10 I 59 Nov. 23, IU:l3 H,030 13:3 8"' 71 152 5(' 2,0 0 IJ 
73 Allf, 7, 1931' I i~~ 42 12 5,071) 492 1 83~ r I'~ 1. 2 '-0 ~ Nov, 20,1933: 2, 568 ~~ 105,1 11 i~~ ',:\!j!)' J 6,0 4:~, '-~o---I 
I _____ do, 2 990 -,8 878 10' . , 4, II 4 . d :::::~oO,':,::,:,::: 3:oi6 80 9.0 l,O'l:l 9~ 357 1,lIJ1l 3'3 .,50 

9 

' 34'5 IO'} 9,1 1 1118 100 401 1,410 3'7 .0 
7 Nov. :10, 10:i3' ,'" 'I~ 12 1'182 40,) ) 420 . ,0 
F Feb, 9, 19;)4' 3, :151 " 7,,2 1,' Inr) 191! 518 11: IiSO ~. ,I) . n 
(J ;-{O\'. 9, 193:;-- 1,71,) 6?? " ,,4W ,50 n't 1:----dO--'-,:: ;~~ I ~t I _i:~5 Ij~! ~~~ II ,31~ 1,;;'I~,~)J I {~ 1:~ 

J:l2 ::::~~._.,,',',-',_'_' 1,12·1 I 97 42 121 3 
"", ",00, m;' I "' '" "" ,"' '"" ,~ 143 I ____ 1 282 90 1---'--;' 1117 1631 2~ 1 4;;0 1: (j I .50 

. Dee, 27, 1ll:J:I-- '2 I' 2 I 8.0 3f') ,7 g'l 7 ,0 1M I Feb. 16, \u:H:: ' l7 I ' ~~ 112 209 41m ' 1 ,2(j (I 
1.551 ____ ,<10. __ ,_ 2,880 I 2311'--'----- 1 ~ '91 '50 I 3~ ,0 .0 
182 July2:l,HI:14:: 2,3,)21 't5221:::'~1:::: ,~~ ~!I 511411,2;;" ~,~, ,!Il (I 
189 Apr. 1 I, LY34 I i' lin ,0 I» :lR8 ~ 521 1 \1,0 ,', I .50 
100 July 21, Hl:H:: I , 015 1 129~ I 21) 2:31 51l~ I :lZr, I 480 I,:l, ,fA} 
224 Apr. 3, lU:H ___ 1 1,la:! 141 27 2 41h 11,'> '31" . Z 20 
22.5 __ do _______ • 1,081 77 2Il 52 51:3 121: HI .81

1

'; 
24.'; Dec, IU, 19:1:3.. I I, :~~Ol I 2 'I,S

l 
,i 2.'i ;lO5 4Hf} 158 :~~.'i . Ii 24 2!f. I"' :301 ~~(j 1~'1 :lI!~ :1.:1 1,0 2~' 1

' 

___ '_' 0 __ ," __ • l,lflll "I) '1'--1':,'-- ,3.'i8 Til,' 1 ~-:I I' 210,: 3,2 I" 2,~,'7l {!;~bl. 22,1\):14--

1 

1,871l 0" I 3117 .. ," ",) 1\1" 9 ') 0 "J 1'1 19'14 1.01 1)2 ., <).1 I 192, 2/JO ," I .70 , 
25'\ I d ., ,_, 1,8.')1 '10" 38, 481 4'3'!' ".8 4. 7 ~ 
271 ,!-NI-)~ .. (Jl"",'l"'-)"'I,.;~,1 ' 771 '17 ~'---' ::l'~ 22il! 2;"', I :im Lt\ 41, T .) "l~ l::' ,",,','_:,',- 2~ti 211..' I ).;. I' x.JO 1 '2 i )/ 

,;j 1 ____ .<I'L __ ~_~:i "I 'rv) I' 2,"2 280 ll'~ 1 211, 181 ['I' i ,,'iO ,," 
285 1\0\' 11') ~ 2 If) ,'>OU 4K I 3") ~~l 15' Ii 'I) I Y, 
278

1' No\" 18, Hia:l 1,4 8181~'~ I' • >J ' IIH I ,50 
2SI) 1 ____ (}. J. \jaiL 1,1;H21 '2 --,'---- IlIIl 41m "j D,'iil H '0 " 29 _ ,,___ 8'" 1--"--'- 6.';S 24:1 I 11~'OO .,87 ,),'! I L\' ,11.1" 

~\l~ 1----::1j,'),,'-"-,::,=,::, 1,4'!~ I '3l --,'--~, 3:32 1"0 '",.ill 7 ~ I 1 

3 

___ , <'I" I z~ 2 512' II! 1\1,1 I 2'i8 5':3 ,I) , 

,05 N 1)\'. ),5, I'I,'),'! '5'fl7~" I ' 5 ' ) oS'! ' , () , ' '.'" "" , .. ,' ' ,'. "" ,i ' · ,. Il:~ I ~~~" 18, Iva:!: 941 I 21;; --,----, 221 I iii I i:ll;! 1~;j 8, 7 .~) s 
3141 ~O\:: f~,' ~;~~il'~~)_,1 1,,~~,)~, ,22~'" IL,,~~~~~~~ 3Gl nn I ,:;/ 1 ,I,,! ILL I . I t<) 320 I I I"" 27.'\ 1 8' 2::! I .l4;, H .0 ' I', 
32'l'-j.;O:O-------' l,allS 222 1 "-'-- n5 'oi;' 1.21" z:m l'~ I . tin l;!'l! 

:l:l2 \ No,.' 18, W:!'!.I nol I 1]1) 1_:'_',',--' 489 ~ 1 .512 7411 Ii) , "1 

3 

.17, W:!:!. 2')5 o'!1 1-' :J:!:! 480 n ,II I "~I 
'W 1\(J\',IR, HJ:li!~ lii:! I '7 -----:-- >&1 12{~,~ I 1

2
.
11

1' 125 il,l i ,n 'I" 
358 ;-';ov, 17,W:!il, 7~f' '!Ill -- 421 ,m,4) "1 ,\)11 ';;3 ~~ I ~~~.z,l~I!L., 'fi:IJ ,22',,11:~!' !e,:_:,::,:1 3lf) \!~ '21) 1 ,;, ,,' ,III i 'II 
,W '"', ,", """' M" I "" I ,~,. '," I~' ,,;' ," 1 ,,)1 
4:!2 _, __ .<1';' w:n __ II,021' ,~ ,!li7 1 12'; i l~ I! I.'JIJ I:S! ,Il 'II) _~ __ ~___ !HfJ I 2;) Ii __ , '-_~'-I' 3SU 21)" i .\:~, 121 1. 2; 1,7,1 ( ':n :!,l!J I IS;' I :" I 21f) 11 I ,I I I", I ___ ) ,1l!1 1 l!I7 12 .11 I 'I'; 

I IroB (Fe) ~.fi:,,} part per million. ----'------, _-I -.~) -! ... ~. u 
: By turbid If) , ' - -- ----

. i)~1~;::~;~e'\pnrts per million. 

,s Inrlllllps e(~liinltl'llt or' \} Indud('-", 0 S P'\~t 'of 1 .~o parts of ('arbonatc (CO 
I Includes e;llli~Hlh'"t "n,'e (HO,), .' lJ· 
: [ll~llldl's eqll"'~I~lIt ::Il~ 1;:"10 of mrbollale (CO)). 

Includes 1.1 paris of I ( I ,,(rJb oll'arbollalC (CO J , ))rate lO~). 3· 
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