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Greund-mater Supplics and Y rigatien
in tl» San Pedre Valley,Arisom.
Zirk Bryam,C.%F .;fsum.ua Gerald A.Taring.
ABSTRAQT

T™he San Pedro Valley in ssutheastern Arizors extends from the Intermatisnal

Beundary nerthward abeut 120 miles %o the junotion of the San Pedre River with
' 24

the 74la River. The river basin alec extends atout 75 miles into Mexieo. The
valley varies in width “rem 5 to 20 miles,beins widest in ite middle portien,
17 the vieinity of Denson. The area of the portien of the basin within the
United States is about 3,770 square miles.

"he ouslbrn reute of the Southern Pacific Nellread from "1 Paso,Texas,to
Los ingeles,Californie,traverses the scuthern part of the valley."he nerthern
reute of the same railroad crosees the ocntral part of the valley. The principal
towns are Tirkelman,at the mputh of t'e valley,fenson in its middle portien.and
Tombstone ,a silver-mining town en its castern eide. “ash had & population of
appreximately 1,000 in 1934, St.David is an agricultural cemmunity a few miles
south of Benson.Flpgin ie a villape rear the west border of ¢'» valley. Fairbank

with the main lime,

ie a small commnity at the junetien/of bransh rallreads te Tembstone and to Elgin.

The entire regien 1¢ arid,the average yoarly rdn:hu ranging frem absut 10

inehwe in the lewer lands to nearly 20 inches in the upper inhabited portiens.

The ptinsipal rain ssesen 19 during July, ugust and September,when mearly one-half



s
of the tetal precipitatien falle. On i berdering mcumtaine soew falle duriae

e winter neathe.

The San Pedre River 1 the main strean of the valley.The Babecemari “iver e
1%e prinsipal wilmtery from tte wst,and jeins the San Pedro mer Fairbask.
Araveipa Oreek drains s semsiderable ares in the nertheast and jelns the San Pedre
a fow miles above 140 mguth. All three streeme are perennial and are uded fer
irrigation,marly the entire low.mter discharge of each being diverisd for this
purpess . No storage reserveirs have bwen censtructed.

There is much arable lend fer shish mp surfese wmter ie at present available
for irrigation. Primrily in order to study St® pessibilities of develeping
ground.mter supplies fer this purpose e jeint etndy s underialea ia 1920 by

%4
the United States welogleal Survey and the 58.»...\,, Agrisulwaral ‘aperimeat
Station. Later stadieos have alee boen made,te Wring down to date Lt iafermatica
on thw greund mier and ite developmemt.
Yoot of the regien is Soveted (o eattle releing.te which industiry the greviang of
forage orepe in the hetten lande 10 en adjunet. The primsipal agriemltural
developmont 10 in \l» vieinity of FYemerem and S5t.Mavid in tl» middle portien

of \i» walley,dif in \'» Tereford and Paleminas dietriets in ite upper pert,

and ia \l» Elgia detriet ia i%s wetern pertion. Otlver aining mer Tendeteom

~

|
{
i
= {
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abd at other placss in the berdering meuntains was not active in 1934,although

the reocent inerease in the priee of silver had cansed some revival of prospesting.

The valley is bordered by several detached msuntain messes,whose prinsipal
peaks riee to altitudes of 6,000 to mere than 9,000 feet. From the base of the
mountaine wide uniform slgpes of the type known ae mountein pedimonte extend
down to the lowr land and foru bluffe which border an inner velley that consiste
in large part of béfem land.In this imner valley the San Pedro River since sNgyy
1883 has entrenshed iteelf belew Lite former flood plain.

Portions o7 the inner valley are ccaupied dy large ranshes composed chiefly
of Spanigh grant lande and devoted to cattle raleing. imerican agricultural

477

settlement began in 1378 and irrigation was developed by msans of ditehes
taking water f'n-‘ the river.The project of a storage reservolr rnu: Charleston
in the upper part of the valley has been studied."ater for the irrigatien of
several theusand seres could be stered et this site,but the eenstruetion of a
dan would involve the rebtuilding of neerly 10 miles of main.lins railroad
which passes through the dam site and reserveir lLasin.

In several areas within the inner valley Clowing artesian wells have been

obtained. The largest area 1e in the tt.David-Pemersne distriet,where mere than

200 welle of small diemster 'mve been drilled.thwse are used for domestio
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supplies and for watering gardens and smell f{elda.The artesian 'wed is net

strong,however,and the water-bearing beds are of oceomparatively small yield,

#0 that the wells are not of great importance for irrigation.
in comparatively szall ameunt
Hon-artesian ground water is present in the lavas and anclent erystalline

and sedimentary rocice of the mounteins which border the valley;but on theee

higher slopes there arc a mmber of peremnial springs which are used for
aleo
osttle watering,and welle aslo furnieh small supplies for domestic and eteok

ust .« The Tertiary deposites of sand and pgravel that flank the mountains yield

n
Py

svpplies of.g.bv rallons a mimite to wells dur or drilled to the ground.mater
of

leveloin the inner valley These dopoel® supply the ertesian wells. The slluvium

of the inner valley ie in most places 20 to 3 feet thick and comtains ground

water at slightly above the level of the neiphboring river chammel. Numereus

domestioc and eattle-watering wells tap thls supply.but 1itile attempt hes been

made to develop it for irrigation. In seme places thare are probadbly shallew

layers of gravel “rom which considerabdls water for irrigetion could be obtained)

are Mﬂ\o !
but the coste cof pumping/as cempared with those o the uee o ditch water from !

the rives.f¥d/ded
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In general the ground water 1s not hichly mireralised,and it has Xd¢f
cemparatively low hardnses. Some of the wll waters however,and espesially
some of the arteeinn waters,contain an umieually lerge snntent of fluoride.
There tbgbnton are used for domeatioc supply the tooth defect known ae

mottled enamel 19 commen,and is believed to be ocaused ohiefly by the flueride.
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INT™ TCTION.

~

losation aend Extent.

The San “‘edre Valley, in ssutheastora APissaa, oxtends froa ab.ut-80-albles

Sentb~of the Intermmtional Seundsry merthvard meurty—f® ailes te the Gila Rtnr.7
/tr-r\f(ﬂti “Pae N Ad abret §0 rutog At ,/;H Bradaie o ® 0
ofthw vatiey J7

WW Arissas-4e-treuted—4a-the-prevwent repors, te posi-

0
v
"e

“.F -uluaiib etate 10 showa in the index map, Plpn

44}0"4
. Index map of Arisema Mnmmlbyﬁnpnunmtoﬂby
sther Tater-Supply Papere of the U.S.7eelegieal Survey.

The width 0% the valley varies from sbout 5 to 20 miles being widest in
140 middle pertion in the vieinity of the tewn of Densea. The area of thet

SELion9? the entire drainase bdasin is absut A,720 square miles. The arees

|

of the portion within Yexice is abeut 950 square miles leaving e draimage area

e
of 3,770 square miles fer that pertien which 1 in Arizsma.

< Grever, M.0. and others, Surfese ater Supply of the United States, Pert 9
Celerado iver Basinm, 1932 , sp~iiS-ami 115" U+S.0e0l.Survey “ater
Supply Paper T34,pp. 115 and 116, 1953. These—give fhe drainfege bdasin
abeve the meuth of the river at n-‘f/-:io A7 oquere miles, and the
drainage basin abeve Paleminas as 991 square miles, of whieh ebeut 40 squere
miles ie nerta of the Intermationsl Beundery.

& o A
Thie includee the beein of Aravipe Creek, the mein trlbgWy te the Sam Fedre

River, which is the primeipal stresm, as shown oa Plate 1.
 Plate 1, map of the San Pedre.iiwer Valley, irisems, shewing welle and
q_' opringe.
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Although the spelling “"Aravaipa” 1s the loeal usage and was
approved in 1984 by the United States Geographie Board,the
eariier ruling of the Board in favor of"Arivaipa® is
etymologically eorrect. The name jigsiis signifies Telear mater®,
the syllable"ari” meaning water,as in Arisona (from Aruuﬁlo,
a Papago word meaning "small springs”).
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Parpese mtnp of fmonptu.-
farned

The Sen Pedre Yalley centaine much areble land shich emmid Yo fousd Af
water wre .vaileble for irrigatien. Attenpts have boon made at dry furming
but only in years of more than ueual ruinfall have such efferte been susesssful,
In erder to learn th poesibilities of develeping gremnd mater fer irrigation
e co-operative study of the valley was ber n ia 1920 by the United States Geols-

. ’(fa ¥
giesl Survey and the Arisoma Agrieultwral “xperiment Statien. The imnwestigatien
of the geelepy and pround water cenditions of the higher pertisms of the valley
was undertaken under the supervision of 0.F."eimser, Oeolegist in Charge of the
Divieien of Weund Water of the Federal Survey, the fleld werk tecing uadortaien
by Kirk Bryaa, ‘:toougut. The imwestigatien of irr gation by surfece water and
by artesion @wlls in the lewr pertisne of the valley was undertaken by Prefecser
A
G.FoPedmith, Prafesser of Agricultural Eangimeriag of the Univereity of Arisema,
and his aseistante. )
. nd b ef Aot grsaadd - cmBer et
The tutnhot% and geslegie du-od.u/‘ in the preseat repert hof(*‘“’“

been prepared frem infertation selleeted dy Dr.Bryamy and the dissmesion of
-rrigatien dewispment and artesian wlls has been prepared frem the detl

™
otmdics of Prefcoser Suith. -Infurustiowrvn-greuni-wmter oonditions end

Swispmeat ia U men-ertesian ereas wTe re-sxsmimed in 1934 by G.A.
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GeAoTaring, Lobght of the Tederal urvey uwhe has prepare: the &sseriptiens of
greund water cenditions in these sreas.

Durine both periede of inwestigation samples of wll mter wre eollested
for amalysis, Soxe of the amalytisal werk wue dome by !'P.Redert A.Crecm in the
labsratory of ¢he University of Arisoma. "ther samples wre amalysed by Margaret
B.Foster and F.¥.Lehw under the direetien of ".D.Colline Ghemist in Charge eof th
the Nivision v® Zuality of "ater of the U.S.Geolegical Surviy. The statemsats
somserning the indivi‘ual analyses have bdeen verified by 'r.lohr and the
diesussion of fluoride content hes heen reviewsd by Miese Peeter.

Previous Stadies.

In 19503 the portion o0” the valley neer Benson was cxemined by Yillie T.lee

and a short report of hies inwestigmtion has been pnw-a.

Y lee, v4llle r.wﬁnm An U.5.Reel.Corvies,3d Rept. fer ms-ot

Noeles mw Loafen wa Aha Baw Prod 7
"ol&om. lm. o~ w%

Preliminery studies of otor-ge puomuun on the river were made ty tie
United Statee Heslamation Servies ia 1505 thw seme yoc.v
¥ Newll,?.H,/Sen N‘ro/;;;oyo:y\ U.5.Reel. Serviee 5d Rept. fer 1903-04
- ppe 6162 and 157-170, 190%.
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A repert on rround water in the Salphmr Sprimg Yalley, »hich adjeins Sea Medre

Valley oa the east has been pudlished es a Jjoint stm y by the inited Stotee Osele-
glieal Survey and the State Agrismlwmral Fxperimest Statien. OSimiler etudles of
../

pertions of the nmext basin o the cest were made by Schwmwesen. A mere resemt

study of that pertion of th® San Simon Velley whish 1¢ in Grshem Ceunty hes leen

v

v
made by Xmechtel. The arcas cevered by thess reper's sre indieated ia figare 1.

¥ teinger, 5.E. and Kelten,P.C. Oselegy snd Tater Recouress of Sulphur Sprimg
Talley Aris., w»'th a sestien nn agriculture by R.H.Fordes, '.S.Gcol.Survey
Tater Supply Peaper 32,1513.
Sehwnneseen,A.T.,0r und "ater in Sam Simen Velley,Arisssa end Few Vexise
T.3.Geol.Survey Yater appiy Peper 425,pp.1-35,191% Grolegy and Tater
Rescurecs of the (Gila snd San Carlos Valleye in tie tan Carles !ndiam

Reservation, Arissom U.S.0sel.5urvey Tater Surply Peper 430,pp.l-Z7,1921.

/ reacd-
~ Rneohtel,” M. Geslegy and, iater Ressurees of the Gila end San Simen
V.S Feal Zarweny Unliy Soppta oo <o/ y .
Valleys, Grahem Coumly. Smutheastorn Arul-A i

\n emamimation of the mimerel depesits in en erve imsluding ¢ wetera

&
pertion o" ‘he San Pedre Besim was made by Seiwader and fiill, 4 csmprehonsive

a
otudy o the mining ressuress in the mﬁ;-mrmmm-un

v and
OsP.Rossy & detailed otady of M Tenbotows aining distriet hes been mads Wy

-

v
Remsone «
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‘Setwader,?.C. Nimeral Deposite o° the Sante Rita and Patagesis Noustaine
Aris., with comtributisns by J.M.HiL1 U.s.aool.hrwy Ball.582,191S.
Rees, C.P. Goelegy and gl. amlh of the w and Stanley MMQ
ﬁl-m Graham Ceunty,Aris., U.5.000l.Survey Bull.763,198.

Ransews,P.L. The Tembetons \lining o!.otrut (umbuﬁ‘ Mcmnﬂpt)
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Aisterieal skedeh.
leng Wfere the Spamish explerers visited the regien the Nem Pedre Valley

and adjacent nreas wre spereely inhadited by%bh—".lnq aberigimee, Uw

meerly obliterated ruine of whose villages have been examimed and dseeribed by

w
Sever and Prand.

o~ %—Rﬁ;i-}“-m have ho- taken ltply ﬂ'- & pnvuuo n”rt b
Dr.Bryan which contaims historicsl infermatien condensed frem a mams-
sc-ipt prepared by "r.P.L.Ransoms . (ﬁynl.!l!k. The Pepage Ceuntry,
U.S.0epl.Survey Water Supply Peper 499,pp.3-23, 1925.)

~ Semer, Carl, and Brand, Donsld, Pueble $1tes in Southeastern irisena’
__ Unive Oalif. Pudlications in Geogrephy,vol.3 me.7.pp+-A13-458,19%0.

They indicate(in fig.]l ¢f their report) and mention evidenses of Puebles st Fert

gt three
Orent, at the Hosker "ansh, about 10 miles north of thrt ransh, and at 3 sites

about 3 miles ssutheast of Klondyke end they aleo mention several small eliff.
[/ 9%
dwf11lings sverlosking the upper Arevips Valley. In te main Sen Fedre Valley
they emnined sites at the mputh »f Hemesy Canpen in the Huashmea lgumtains,
on the Miller ransh 5 miles smmtheast of St.Devid, on a bensh 2 miles merth of
Pemerens at two losnlitiee necer Uasealwl, eand oa the mesa north of m“tngun
) c -

sshotl. “They did not extend their stmdiee ap far downetreem ap the puesle mear

e raovntld vaan Grovers
the msuth of wcmA

Theee early trides csem to h-ve beon mupplamted by other Indiens for

’

shown 4n Plate 1 of tiw present report.

during the days of eerly Spamish expleration the valley was cseupied by greups
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e” Saipuris Indigns closelg similar to the present Pepages.

The reute of Corsmade'’s expedition from Moxies mertheard in seerch of the
& ‘ :
fydled "Seven Cities of Cibela® in 1599 may heve deen along part of the San
v,
Pedrs Valley, Some msdern suthoritiee believe that tbe expeditien trevelled me-
nerthward down the valley of the Sam Pedre to -yont where ¥onsen mow etands,
then gorossed enstward thweugh Nragoon Pass end continued nerthssstwerd to the
v

valley of the Gila River and deyond. Dancreft and several other histeriems
howsver think that the reute sus down the Santa Yruz Yelley past the preesent

eites of Tuesen and "lorenst and thonee nertheastwerd over the mountains.

Rrower; - FriVensire—ot-Eaploration—tn—the—lgein—of-the—iitestosippt—
~ Hedg#.P.¥., Oorondo's M-roh to uivira 1n Browr,J.V..lemeirs

of :’:phutm in the basin of the Miselesippl vel.2,pp.-73

St.Panl,Mimm. 1899.

Ueues, "1110%%, On the Trail of e Spenish Pionser,vel .2,pp A8L.A

and S17-518,New York, 1900. _

9 R P T wBeAd Hort ﬁWG:?/’T”’“" T
Baneroft.H.N. A History of Arisena end Hew K¢ -1ee,pp.)9-Al,San Pren.
L/-fio -/898 :
oisse 1839, o ——— e

In 1687 Father Tusabie Fransisse Xine, an Austrian priecet of the Cespany

-

of domus 'f founded a missism in Yexieo abeut 50 miles scuth of the present

—_—

Negales on the Arissma berders. In 1592 he made hie firet visit to the

Indiane »long the San Fedre River which e mamed Rie Quidluri frea the Indigng

village of that namd meer the present fereferd. For-25-yeoare-ho-00rvwé-as—
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,mssionsry to the Pravimes of Alte Pimer{a which mhh‘\ﬂn San Pedre Valley

Wiy Mot pormos] Aarp werl 1Y mdbr/; X0y vallioy
2 Aerd g 2lm A W./ ‘H"fz'urud p 0
end adjacent hnth ?n 1697 King -u.h a small party was jeimed et Cuiburi
Ay o enall band of ._omon and they pm-u-’u-a the Sen Péddre Valley te ite

lower end and thwnee wostward dewn the Clla Riwr. Fer a leng peried the

pa———

‘«j\ region scons Lo have been sme of peaceful missismery e¢ffert. ’a 1318-19
‘ho N-nj’o Indians in the north made war againet the Ypanierds and during the
next fow years preceding the establishment of the Tepudlic - lexiee in 1823
the missions were abdendorwd and the lecel Indiane were raided by the more
-&uu tribed from the north.
-%ﬁ;i--m Mtv@omrod shat is new southeastern Arisema
rom Texss and other southern states absut 1825 and engaged ia hunting,trapping o
and prespesting for minerale. PFor a ma ber of yeare the Apasins of the sezien
wre in pereral friondly but in 1855 several of them were killed by Americans
end for many years they were a constant memaee to settlers. Pertiems of the

Sen Pedro Yalley wre deednd as -Spanich-or ‘oxican grants en shich eettle rals-

ing wme carricd on. San Hefusl del Yalls and San-Juan de lze Soeuilles y



90a
The rancho San Rafael del Valle a:d MO S8an Juan de las
Boquillas y Nogales each cover 4 square leagues (17,474.93 acres),
along the upper pert of the San Pedro River, The rancho San JgnaslL
del Baboocomari covers 8 square leagues along the valley 6: the
Babocomari River. These tracts were 30ld at auction in the early
1830's by the Treasurer-General of the Sovereiga State of Sonora;
the Boquilias grant being s0ld for 360 a square leagae,and the
Babocomari grant at 380 for six of the "sitios"™ and at §10 for
the other two,a total of §380 being paid for the land, Title was
confirmed to these grants in 1899-1903 by a Ubited States Court of
Claims,long after the discovery of silver ia the Tombatone districk.

Y AA G
Probably on this ascount and to protect 3oaW wining interedts near

title T
Charleston, the FYgig to gold,silver,and quicksilver beneath the
lands was reserved to the United States, together with the right to

work the deposits,
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During the Mexican War th® region wan itreversed by tre militery expeditions

Osmeral S.".Kearny with o band of abeut 200 drageens folleowed dowm tlw Oila

River and thenoe to Uallformia in 1506, His perty was aceempanmied by Liecutenant

v ~

T.ALtmerye. in D¢ embder 1846 Lieuicnant-Celenel P.St.Ceorge Cookw dod @ Party

o? .i—t S00 wen for the purpese of spenin- & wagen reaute te Ualifernia

~ Ngery,¥.H., Notes of - Tiilitary fesommalesanse from Port lesvenserth

Q) 3)‘ in {isseuri to ‘wan Diege Calife 30th Comgelst 8080.,5.0%.D00.7
o(\{ (Ree MM) n.uw.lm

§G§ Coeloe, LeGeploport of hio wcb ﬁfon Santa Fe N.Mex.te san Dlege,
e, J0th cbng./lﬂ 0000.H.FXeD00 A1, pPeSB1-363, 1848,

entwred thw p'-Qﬂt;t- ‘Arl.uu mar its unthout osmr. Thense he presseded wet
' to the .Suu Fodro alley, d wvn 1t to the site of Benson and then wetwerd o
Taeoson and beyond is party wae called the ’\(@on Battalion" beessnse it
consisted dargely of lermens who had emtered the servioce for the purpeese of
reashing Califermia where according to the terms of their enlistmente they

v
wonld be digelarged.

~ hmnﬂ.qoclhp.llo. ) p
Aaaed FAEZ, T
By the treaty of Ouedalupe Hidelge, rettfied Nap-JOOK 1848,lands merth

of the Gila River were eeded te the United States. By the tededon Purehase
of N0 wuber 30 1853 lends scuth of the Gila imeluding the cem Pedre Valley

’n fer o-uth as the Imtermationel Boundery establishe at 351 degrees
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e

Eaory,W.H.,Notes of a military reccnneissanse froa Fort Leavenworth
| in ¥issouri to San Dlego in California,ineluding parts of the
Arkansas,Del Norte and Gila rivers: 30th Cong.,ist sess.,8enate
Ex.Do6.7,1848.,a130 published as 30th Cong.,ist sess,,Ex.Doo.no,41,
1848,

Cooke,Philip St.George,0fficlal journal of PNYXY¥/ Lieutenant
Colonel Phillip 8St.George Cooke from Santa Pe to San Diego
(Oct,13,1846 -Jan,.20,1847):30¢h Cong.,ist s98s,,8enate Ex,Doc.7,
1848,.,a130 published as 31st Cong.,Special sess.,3enate Dos.2,1848,,
and as pudblication no,517 in the Congressional series of public

docunments,
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(. 20 mimates morth latitude bec-me part of the Uniteé States. Surveys for e rallway
reute to Califsrnis were already in progress and in 1354 Lieutemant J.G.Parke
crossed tho San Pedro Velley from Tuceson eastward and through Dregeom Pass )

spproximately alonc the route later followed by the £ uthera Pacific Rallmepd

In 1855 liemtenant Parke led e second expedition castwnrd. He and his

assietant, Ur. Thomas ‘ntisell, took a szuall perty up the "ila “iver to the

mouth 0° the “an Fedro, and up the valley of that river to tho vicinity ef tw

present enson, where they joined the maln party and contimed easteard.

Antisell wees the first to write = conmeeted geelegicel desoription of Southern

( o
Arigonm,.
Y UoSePreiste-FBFrphe—vele-

Pa gt 22 7 it Aaal

Tort Srecrenridge afterward Camp Grant wes esteblished in the lower San Fedre _—-
/

. [
Talley in 1856 ae protection apainst the Apaches. Tort Huachuca wae established

in the southwest part of thowalley for the sace purpose in an area where th re wes
good praging for the cavelry horscs. In 1857 the sexi-weekly Butterfield oteage
line beran oporating from Sen Antemio Toxas te Sen Uiege Ualifornie over the

Conke route down the valley, In 1358 the route was changed, turning westward
neer Camp Cramt an’' goine up through Cemp Graat Washe By 1850 the route crossed

the valley threuzh Drageon Pass and thenoe westward to Tuesen and beyond. Thie



0 &J“(’&/‘ e 2%

\
o~

Antlloii;rhnnn-,ln,u.s.Ihr Dept.,Reports on tiis exploration and

Survey to ascertain the most practicable and econcaical route for

& ralircad from the Misslssippi River to the Pacific Ocean: -

33d Cong.,2d4 sess.,Sen,Ex,.Doc.78,18566-1860,,v0l.7,part 8,0e0logical
report by Thomas Antisell,i.D.,geo0logist of the expedition. 306 pp.,
S maps,i14 geological plates and 10 paleontological plates.

(Chapter QO.Canyops of the Gila River and Pinaleao Nountailns,

PDe. 13 9-1‘4) ®




23
stape line was operated until the hepginniag of the “ivil Tar. Up te this time there

had been mich mining activity in southeestern irisoma but on the sutiisek of war

the regular stare sorvice wes discontinued, ihe irnops were withdrawam o the

Apaches erain hecame an asctive -u-o/nd most of the mining was stopped.

Arigona was established as o Territory in 1863 but tooc little pert in the Clvil
whi

Tare In 1872 Genmeral 7.0 .Howard | wae made = speeial Inﬂ.an?u-luu-rlad‘ visited

the ‘pache Chicf Cochise in his strenghold on the eastern side of the San Pedre

Ta lley end induced him to abendon hostilitice and use his influonce with

other chiefe to do likewise. Tor a few vears therc:fter the 'ndiane wre
seventies

pcaceable but in the late -n."’ they ecarried on raide arein and wre not finally

subjugated until the surrender o” Chief Jerenimo to “emsmal Melson /.. iles in

1886, About 1872 Fort Crant was moved to the wost base of the Pinglame 'ountains

where e good water supply was evailable from springs.

The first ecttlemcnt by ‘mericen farmers in the :an ledro Valley was by

Arptiin R
s
a party o® “ormon familics who ca-e from the coleng et ese nesr "heenix

mﬂﬂ-&w

in the southesntral part of the 6uu/ and esteblished “t."avid in November

sore. /777, TAa Colerar of At Loovee] wron 2aTabbialuad
wﬁﬂ*ma TN

The silver deposite of Tembetone were discevered by “d4. Cchiefflim ia
,,77}&.«.’( ﬁ/\;z g st YA
Pebruary 9 the principal strikes of ore were made.

The town of Tombetome ' ac establisis im 1881. At its height the tewn had a
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population of about 15,000, The prineipal mines were dry down to a

AAGMW
depth of about 500 feet,where 1w ground-water Jsv¥I was Jesshwd,and
soon the amount of water reached such great volume that some of the
mines shut down.Several of the richest nines combdined in pumping,until
the flcoding of the largest placed the company in legal difficulties.
After years of litigation the principal group of mines was scld at
auction,and pumping and production were resumed for a time.The cost

silver
of pumping at last became prohibitive, however,and the/mines were shut
. Apon
down. The associated manganese ores ur’\ narketed for several years;
but in April, 1921 this work was stopped,and the population soon

dwindied {0 about 9CO, In 1934 the increased price of silver was
causing renewed interest and mining activity. The pictureasque events
of the early days of Toabstone have deen pygddyysd/ kept in mind
by4 such landmarks as the Birdcage Theater,the Opera House,and the
scenes of struggles between the town marshal and cutlass,for several
of whom the final chapter 1s writtean ir Boothill Graveyard,

Ju 1880 the main line of the Scuthern Pacific Railroad was built

through @ragoon Pass and across San Pedro Valley,and the town of Benson

was established, Ore was discovered in the Mule Mountains and the
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mining camp of Bisbee lpnns up. in 1878, For the first few years it was

& lead producer,but htgr bescame a great copper-mining district. Benson
was for a time the nearest railroad point,and the smelted product was
transported from Bisbee to it by teams along the vsuoy;: fow ’;Ct‘l the
El Puo,:d Southsestern mn-oad ﬁo built froa Beason (o Falirbank,
and a toll road was bullt northward from Bisbee through Mule Pass,thus
greatly shortening the wagon haul.Branch railroad linss wers built from
Fairbank eastward to Tombstone and westward up the valley of the Babo-
oomari River,to oonnect ¥ith a railroad between Nogales and Tusson, A
,L branch line was also built to Fort Huachuca;and in ths nineties a rall-
road was bullt from Dragoon northward to copper aines at Johnson., These
produced for about 45 years,until shut down J) about £90%8,
In 1902 the rallrosd was completed from Pairbank,then a village fr

several hundred people,to Bisbee. A scutheran route of the Southern

Pacliilc from Rl Paso to Tucaon was later built,entering the San Yedro

Valley at Blsbee Junction and thence contimuing 4own the eastern side of .

of the valley to Fairbank,where it orossed the river and gradually

ascended the western side to the pass at Veseal, o Moa e

A ftrs AP an 1«&?/44,‘.,12, )t&_g /%AAILM4\
' w\m«w ,NM,.:_a.«vl—o 51 : ’a’/‘"b’ ey sfe‘.n.“c&, 4/@657

KW mml% W
47( 53-5%, 1903

S —— —
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Settlements and industries,
In addition to the towns that have been already aentioned,
M
Winkelman, near the junection of the San Pedro River with the Gll&,lll

in t934'a town of about 600 people.Jt had been more active during
Rsveral

eopper-mining developments at Kelvin and Ray,a—few niles to the northwt,

and at Ckristmas to the northeast lamnoth was formerly an aotive
malning settlement where cépper ore from the mine on the valley side
to the west was brought down to a n1fat the river ,¥here water was
available for operations.In 1034 there was only a watchman at the
mill.The village was a supply point for ranches along the wvalley,and
contained about 150 peorle,Some prospecting was being done on the

ad jacent slopes,and alsoc in the Galiuro ¥ountains on the east side of
the valley,in the vicinity of Copper Creek nmining camp. Oracle was a
aettlenent of about 300 people on the upper border of the valley,on
the road betrzen Mammoth and Tucson, At Redingtcon there was a post
cffice and a achool,At Cascabel there was post office,school and also

small store for the convenience of settlers in that part of the valley,

Agfeded ot -ertéNled—froa Redington -sewthward-along. the-east-side of

the valley 1o Cascabel,and thence o . the-jigfi-highway at-Bensen,a

town of nearly. 1,000.pecple, Part of the road northward from Redlngton

S NN

i

P
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to Mammoth was washeld out by a flood in and had not been rebuilt,

. but a passable road extended for several miles,then forded the river
and climbed northwest up the slope to Oracle. A graded road extended
westward from Redington up the west side of the valley and across the
Santa Catalina Mountalns to Tucson, A graded road also extended

from Redington southward along the east side of the valley,to Cascabel,
and thence to the highway at Benson,a town of nearly 1,000 people,

At Fort Huachuca on the socuthwast boider of the valley,there was a
garrison of about 1,000 cavalry,

There are several ranches along the lower part of Aravalipa Creek,
and also in the upper valley of this creek,with settlements of perhaps
100 or 200 people at Aravaipa,Elondyke,and Bonita, The Sta .
Industrial School for Boys occcupled the Zuildings at Fort Grant,at the
head of the valley.

fron Tucson,U.S.Highway 80 passes eastward to Benaon and thence
southeastward to Tombstone,Bifsbee,and on eastwzard, State Highway 80
extends from Benson eastwadd through Dragoon Pass to Willcox and

beyond. State Highway 82 connects Rlgin and Fairbank with the main

- highways,
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SFORAPRYC AND GEOLO&IC FEATURES

Hountains

A
The northern psrt of the Can Pedro basin is formed by A!'.'}pg Velley =hich
ie bordered on the east by the Turnbull, Senta Teresa and FinaleRe ‘ounteins.

of shout-

These rise to altitudes ghowe 7,000 feet and culminate in ‘ount Crahem et an

TR VMLQJM /M a Argnn
eltitude of 10,720 fuot; Ranges o hille on the west separate the drainage of

\ravipa ‘reek “r m the mein Sen Pedro Valley., Other hilie ferew enclose &
small uplend waliey in the vicinity of ‘‘ooker Hot Cprince. rarther south the
Little Oragoon snd "ragoon ‘ountains form the divide between the” San Fedro Velley

end Sulphur Sprine ¥alley t¢o the east. The pass betiween these two groups of

4600
mountuing has an altitude o” about 4515 feet. 7“he mounteins thewselves riec to

I

T+512 feet in ‘ount f‘vl.on.,\‘uth of thw ragoon ountains there is snother wide

j(} C"\r\d (P g.,k':’»ﬁ aZ

pauﬁthe hcad of “overmment *«w)
Ae the 'ule “ountaingy whieh—furm—a-emali-sreus—acar-Siabes.

n the weot side o the valley the Tortilla ‘‘ounteins in the north form
e broad divide ocut by mumcrous yuhn but havine comperatively low relief. The
Saaka

/Ao.uum and Rinocon Mounteine border the wecetern sid- of ian Pedro Valley for

sbout 15 =iles their high.st peeks rising to sltitudes of 8,3 feet in
A-l s\wh\'ll(ou :l'x ( ,’M —/Ob y S S

4’4‘411( s/T éur 7"‘%4{“(«..4 W 9/5‘0 v I'f/{‘jq i
Kellogr ‘‘ouuiteain and 8,700 feet in 'ic- ountail}. At the unth om! o? the “‘,‘3,",‘?\7*

Rinoon 'ounteins there 1a a broad divide in ‘he vicinity of ‘eseal which "“’Q-
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extends to the ~“hetstone “ountains,separsting the Sen Pedro Valley “rem the

b '% W‘ﬁ} .
drainsge of ! Zagh,a tributary to “enta Sruz ! on the west. m}»r‘“d
%M‘Mild AN
Amntom “ountains owlminete—4i« Arashoe Peak at an sltitude of 7,634 feet,and
Granite peec at 7,337 feet. Another broad upland area then forme the drainage 4+
divide 0” the Cen :edro river besin suthward to the .anclp illes end ~‘uach ca
Mountaines ho “ormer comstitute a rugred e es of ridres trendine southcaste
northwest on the western side of the “uachucaee e leo'‘er form & larce

~ountein naes havine a grest extendine “or gevercl ~ileo an’ o—?ﬂ!&n

"f1ler and ‘arr “ealks at altitudes of 2,445 and 9,21k feet.
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Yountain pedinenta.
The mountains which border the San Pedro Vealley do not extend down to e

lowland. Their bases are rsther sharply marked in most claees by gently eloping
plaine shich extend at nearly uniform slopes down towerds the treugh of the
valleye The upper portions of theee plaing haveded-rock surfaces or only a very

thin layer o” gravel and rock weste. Such features were studied by Bryam in the

-7

Papago country ®arther wet and were defindd by him ne followe:




n

In gemeral,the mpuntaine of the Papage csuntry rise fre: plaine
which are similer in ferm to th® alluvial pABins thet cemmonly
front mpunteine of an arid region,bat large purts of the plaine
are without alluvial cover and are composed of selid resk. Theee
plaine constitute a land form that is distinet and requires o
nane. ‘ountain pediment® hes bdeen chesen as the nsxe 0of such =
plain of cembined erosion end trenapertetion at the foot of a

desert neuntain range.

499,p.93,1925.

.

In the atudv of the “an Pedro valley tw. pedimente of 41fferent

reoloric ape wore recognissd whic- heve b en described bv Bryan thuu\/
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Bryan,Kirk,The San Pedro thhy.iriuh..nd tho gnguphlc eycle; Gesl. tos.
‘merice Bull- vol.37,p.170,1926. S
v 7ollewing deformation leng-centimied eresion for ed o widespread

m’aoo;!-are termed the Tombetene pedimsnt. The residuale abeve this
sur®ece oconsist of the harder roeks,or are located st points distant
frou nein drainare lines. They hewve ,therefere,all the charecteristice

of rcelduals in t'r normal cycle of erosion,save only their steep slopes.
The clopees of nmount: 78 are,however,q funetion of the type of rock and
the clizmate,when onee the imitial stage of development is over,and in
arid regions the slopes of msuntaine are steeper than in erees of normal
climate. Similarly,the erosion surfece conforme to the drainage patéern
in all its intricacies;is wide on main draimmres;tapers into long,narrow
triangles alonr minor streamssie enlerged on soft rocks,narrowd on herd
rocks,and presents all the ®catures of e perneplain in the normel eycle,
except for steepneme of slope. The slope ranges from 50 to 200 feet per
mile,srailents far in excess of those developed by streams in the old-tge

stape in fumid regions. The Tombstone pediment 1s,therefore,an expression

of ge'r_ne_p_gimgian.thwyh per!np__c«_.g_t.__c‘_ bape-leveling in an arid region. \

e e e e e e W ———————

Gefore tho last residuals had been reduced,the Tombstome cycle was

interrupted by the incision of the streems. At a lower level a second less
complete pediment was developed. In this eecond,or "hetstone,pedimenmt
sinilar features were produced,tut t'® cycle was arain interrupted by the
incision of the streams to the still lewer level of the Aravaipa terrgpee.
_ 3elow this terrece lie the wvalleys of the streams,once deeper than they
now are because of a Neeent fill that is new beins remeved in part by
remewed erosion begun in 1333.

As the Tombstone pediment was not breught to eszpletion it affords only

partial evidense as te the ultimets land form produced by erosion under

arid sonditions. "



Plate 3. A. Dissected pediment at southwest end of Dragoon Mountains;

B. Fediment at base of Dragoon Nountains near Sycamsore Spring.
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The two pediments are shown on the physlogrerhic msp, Plate Z

™he upper or Tpmbsione rediment is develeped in a wide sone alonr the bamse of tihw
Draroon '‘oun‘a’ng north o” Tombstone, and is = remarkably uniform surface fleored
by bed rock 0° cronite and other ancient roeks for much o i's extent. Ite
v
pemdr -1 character is chomn in late 2 , aand B . 1t seems to have beon
formed durine a lonr neripd o erosion when the region was reduced almost to a
pereplain at this high level. An almost equally prominent mountain pediment was
(/(UAJ‘J").I r:n

eut in the valley sides at a lowor elevation durin- a later period o7 erosiom.

This broad rently slopine plain)whlch in soxe plsces has ihe features of a terrace

rether than a pompl.ain’ constitutes the "hetstone pediment. It is prominently

R E— e c————

develpned alone the east face of the "hetstonr 'ountains end also alinz the weat

faoce beyond the limit o the “an Pedre "alley. Over most of the arece which it

e |
{ '\.‘,, '\‘ " ¥ ,)

covers this pediment has been cut chiefly in enrly Tertiary sediments but in

-

several iistricts it hae beon out in the bed roek. A detailed msp of the

. e et . -

Tembstone district illustratin~- the way in which the two pe iments at different

levels have mddified the ansient surface of the lower mountain slepes is showm

W
4n Plate o .

Plate ¥ "lap of the Tombstons Nistrict showine the Tombstone and Thetstons pediments

& & ":u.-y ~ /‘,A,__?_, Al AT

/
W ~



Plate 5.A.Dissected pediments alonz east side of hhe Tortilla Mountains,
looking northp

B.Tucson Wash, looking upstream, showing remnants of pediments.
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The charac‘'sr of ‘he terraces and the way they are swpt by washes is shown

7

in Pla‘® 5, A end B,
#/ .o
Tastwrd “rom Yenson the slopes grade upward tntg’ pediment eut in the grafite
an’ diseccted by "exas &mn,but undisseseted at the divide to Yulphur Spring
Valley. “astward however the pediment s overlaim by slluvios. The pediment
~lons the wet base o0” the Uragoon ‘puntsins ie alese dissected dut met oppesite
¢'ronzheld Cenyon where there is a remarkeble area of rrenitic pediment.

“he mountains ere rcsidu-l elevations resultine “rom an uplift that involved
N

’”

-
the 7ila conrlomerate and the pverlyine Tertiery de:osits. In the “ine rrained

e
jeposits are lerpe vertebra‘e rouilo.dommm,. .

"herc are two types o0° fine-preimed deposits, red clay with cand and seft
white limestone, =nd vellew sandy cley w “h send, diatomacecus earth and gypeum.
™e two clasice € material ore of the sems serio of deoosition end constitute
perts 0° the same formation. Neroeition of the 7ile conplomerate and sssccisted 7
beds was complete by the end o” the Flicoens and the uplift is subscquenmt. The
deformed "ila couglomerate rests unconformably on elder rocks insludins early ?'
Tertiary levese The post-"ile de“orm-tiom closed the liocoene epoch. The

mountein unli®t is o”® bdlockz-frulst iype.



Plate 6. A. Aravaipa terrace, lowland alons San Pedro River, and pediment

slopes on west side of valley:;

B, Bluffs of the Vhetstone pediment 3 miles southeast of Cascadel,

looking downstream.



e
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Terraoces. Ayoys PAa

‘lon~ the lower Yan Pedro valley in the vieinity of the mouth of Arevipe-Sre—
Creek there are romnants of & wide prominent terrace of gravel sand end eilt
which is called the ‘-—av;pa,torrau. Thie lies about 30 feet adove the lowland
alonr the river and represents an early setepe of crosion and deposition by
A a'{lpa Ureek. “he terrace end its relatiom 4o ihe "letetone pediment end higher

Y
slopes ie shown in "late 6,4 end B.

“hrourhout the course 0 the San Pedro River north of the International
3gundary and probably also for some distance in lexico the streem flows in sn
"inner valley"” This is bordered in part by bluffs 20 to 60 feet in height
‘which mark the lower border of the Thetstoms pediment. Thia inner valley
constitutes bench or terrsoce land alonre t.h; ri=eP wnich flows in a channel
between hanks several feet hirh.

In thevelley of the upper portiion of .u;cv{ip? Jreek there are gimiler
althou-h less ~romincnt bench lande and also ﬂlo‘n" nortions of the Gabecozari
Tiver which ie the larpcst tributary that entérs the San Fedro Valley from the

weste
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Chamel trenehing.

Before esultivation o” the valley land wae undertaicen it ic¢ recerded that
the stream shanncle wre small and there mas 1ittle destruetive eresion. ™»
ovidense en this maiter in tw San Pedre Valley hae beon suamarised by Bryen

v
as follows:



Plate 7. A. San Pedro River 4 miles below Bedington, showing lateral cutting
and irrigated bottomland, looking upstream;
B. Mesquite-covered bottom land 2 miles norhh of Redington, looking

upstream. Cliffs of volcanic tuff upstream, in hhe distance.






p,

Bryan,Kirk,late of shannel trenching(arr@yo eutting) in the arid seuthwet;

Selense ,new series,vol.62,pp.342,195.

4The ehann®l on San Pedro River was eut prosressively headward between the
years 1353,when tlw arreyo first formed at the mouth of the river,and 1892,
when the head water full eut threugh the boundaries of the Boquillas Gramt,
125 miles upstream. The fleor of the valley was eriginally covered by
secaton grass with groves of cotionweod,ash and willew. “ince the erroyo

was ocut a great ferest of mesquite has eprung up./

“he characier of the irenshing along a part of the river shanmel merth

of Nedinston and the development of a wide mroquite flat ia the seme distriet
.“ .

ere sheowm aa "late 7,-{ S

Yithin reeent verrs mich euiting has been donc by the San Pedre River
eepecially between Charlcston and Los tlemess and between redimgton and the memth
of the stream. DBefore 1900 the ~iver meer nson ie said to have had e
shanmel enly 3 feet d-ep. In 1954 the river wee entronshed ebout 15 foot boep
with vertiecal banke which wre widening and destreying sultivated rielde.

_1927

Fleoeds in 192 are said to have deeperwd the charmwl as much as 9 et in oo

pertions Wilew Bonsen. Itaeh of the reeent cutting heowver hae censisted of

a videning ¢ the chamwl -atler than ite deepening.



1 /\‘p“ ?}:’DA}I s

™™ altitade of the river shamme] at the Intermational Beundery is abeut
4,270 fectiat the Cherlesten damsite 235 niles dewnstream it 19 3,950 feet.
At "The Narrows" 3 miles blow Charleston the altitude is elees teo 35,3500
feet. At the dameite near Redington 25 miles farther dewnmetream fi is 2,82
feet,and at the junction of the San Pedro with the Gile,M miles farther
downstrean,the altitude is 1,910 feet. The gredieomt of tla four portion of
the river marked by the three bed.roek gerges are therefere 13.9,16.7.
18.5,and 2D.7 foet to t'e» mile. This steepening of the gradient downetreen
ie different frem the pradient cf mpet river schanrwle,whish are steeper in
fiidd their upper portions tian in the lower portions of their ssursss. The
steepening of the cradient aleng the San Pedro River has pessibly been e
factor which aided the headward deepening of the shemnel after trenshing

wae started.



Plate 8. A. “anyon of Aravaipa Creek at Brandenburg ranch;

B. Valley of Babocomari River, neay Horne ranch, 5 miles below Elgin.






Sereams.

The drainage basin of the San Pedre "iver is comparatively marrow and
there are few tributary streams of importance. The lsrgest two are Ar-y:tp.
Creock and the Babocomari River, Bopth have perennial flow but they bescoxe
almpst 4Ary in the latter portiions of dry seasons. The San Pedro River usually
becomea dry alone portions of ite 1l .wer courese during the dry secason as ite
water is diverted into irrigation ditches.

a.
"he rener -1l character of the lower portion of the canyoa of *ra’}pa

v

Creek 1s shown in "late 8,A and the middle portion of Babocsmari River is shown

in Plate §,B.

AV Mt o

The arca of the drainmge beasin aBeve Relo—immw which is 3 miles north

of the Tnternational Boundary is 991 square miles, of which about 40 square

mileg ie in the United States. Oeging stations have alcp been maintained
Ue5.080l .Survey mater Supply Paper T3A,p.//3 1933.

tfarther down streem, near Fairbank, in commeetion witk -tz' dam site at Charles-
ton)to which place the gaging station was later moved. A whort secerd ie
aloo svallable of the river discharge near “ammoth in its lower eourees, and a
separate at~tion has been meintaimed on Arnéipa Creeke The avallable records

are given in the “ollewing tables:



ho

Yearly run.off of San "edro "iver,in sore-feet.

Trom records of the U.S.0eolegleal Survey ("eter~Sup ly aper 387
and later pudlished date)
Years ending Sept.%0.

Gagin- station::near “Yem:moth near Tairbank at Charleston ot Palozinas
Trainage area,

square wiles: 5. 850 l.w) lnm 991
Year.
1714 148,000
1915 60,300 ®
1916 34,200
117 90, 20
1918 20,300
1919 93,500
1920 4,80
1921 102,000
1922 56,300
192% 41,200
192% 2,300
1925 36,800
1926 122,000
1927 51,700
1928 20,100
1929 54,100
19%0 55,500
1931 64,900 31,800
19%2 65,800 45,900 26,100
1933 15,000 28,200 13,800

® ~ecord miesing for Nec.19-30 and Jan.1-21.

M escharpe in 19%3: second-feet.
eximam 'dnimum

Year ‘ammoth 19,400 0

‘t “harleston 9,600 b

At Palomines 4.700 i

The maximum recorded discharge of the San Pedro River at

Charleston was about 98,0)" second-feet on Sept.28,1.26,



&)

“un-oft of Araveipa "reek 6 miles above 1ts meuth.
Trom '.U.Geol.Survey ¥ater.Supply Paper$ 7311/ /1 117,723 3 P
4 ~ §
Drainage aree,5% square niles. % 1. % - , 1235

“or years ending Sept.¥D.

Year. Acre.fset.
1932 29,100
1953 13,720
Discherge in 1733: Second.fect
Vaximam Yinicuam
2.300 2

The meximi~ recorded csssmremewto™ dlscharse of ‘revaipa Jreck

s 20,000 ooouM.reet/on uge.2,1919.
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Climste .
Tho olimate of the entire San Fedrs Fiver-basin is erid, \w awerage yeerly

procipliation beins sbout 10 inshes 'n the lewer pertisns inereesing te =bout
2 iashes in the higher valley landa. Nearly eme-half of the eatire rainfall
eomes in between July 15th eand septenmber 15th, with a sseondary rainy senson
“rom December to ‘‘areh. The average monthly rainfall at scver:l stations, ‘aken
froz recor is of the Unitpé Statees "eather Bureen are shown graphieally in

. inerensee
TMlgure - which clearly shows :he reiny seasons. The rainfall mariss almost
directly =it the lacre-se in altitude although losal eonditione heve some
s°fgts If the average yearly presipilation et Henson, Tombstone, and Pert
Auascuoca be taler as representing the morzal inereass with altitude, it appoare
that toe precipitation at iewle Springs and al 7ort Grant is somswhat below thies
noraale This may 1o due to the fact thet they are situated in open aress at

faeear Camedo J'J»rr_t)
the weotern base of wide uplands. At 3;1111104 end at Orasdd™ Orasle both of
A}ai«/M

which are on the nerthern elope of uplands the preeipitation ie sowwhat abeve
that which is normal for equal altitudes in the valley lands. AL the fermer
vi'luce of Dudleyville near the msuth of the San P-dro River the raimfall %o
considerably ubsve that in the leswer part of the San Pedro Yalley beeause the

etation is within the aree of insrensed rainfall which extende up the valley

of the Gila Hiver,



L

Daring Doconler 4o Nareh snow cotasliomally falls on b msumtaine abeve
altitades of 6,000 feet and may remain for sowral wobks. The Jeerly recerds
of previpitation at several stations Vat havwe beon maimteisnd ia Uw river
mnhmmsm-wmm given i the fellewing tedlese

Frge 44

The figares shew a great veristion ia the precipitation f-om year to year ond
ales o considereble veriation in the differest pertions of the valley. This
19 & to \Uw feot that meet ~” the sumer raine eeme as losai sheweres shich

aro ast unifernly distridavwde. *» winier presipitatl m comse e mere geawrel

sterme,

The great 7eerly ariatina i th rrin®ell conriderabdly e”“vots the
shalleow ground mr supplies end greetly affeets srazing sonditisns. S;yrings
and stlwr shallow mtering pleses may ro &ry duriac prelenged drsughis end sven

1767

dametis auprliss frem shellow wlle way fail, T™he ample Peiafall of 1905.1997
end 19102906

ql-h.l e erttlemnt of comsideredle lend where attompte ww mnde at &ry
ferging Wt in cash perisd the meseeding Ary yeers eseused the shendement

of mary heompoteads.
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As in nll erid regleons Ve renge of Vouporature botwven doy and might is

goat and althsush the sumer daye afelnt the nighte are usmally ecsl. T™w
averags ammel m erature and tiw nonthly m-rimum end minimwm ecperatures,
ales U highost and lowst recerded tom eratures for ®wral stations ia e
valley ure almlate’ on page

v.phw and Animnl 1if0.

Aleng e aain etream chammels wwre ground wmter is et o shallew depth
there ure seattering cotlenwods end willows, bDut perbepn the most characstorise
tie trees of Uw lowr lende are ihe wequite, pale wWré and pelo flerre.

All tiwee are logumee and Wer pede contalning eseds that werc ueed by the
Indiane for food and are still eaten by catile. Thr mraquits sro~e most
thieckly on the fermsr fleed plain of tUv Zan Pedrs Tlver and forms low fereste
oftrees 15 % 90 feer nﬁ,d& trunke froxz seversl imshes te a feot 1. diemmber,
seme of Uwee furestis have doveleped within the met 50 yeere on lands t2at wre
formorly covered \y cetaton grase and willows. Mt these growthe heve deen
replased by Uw wequit sinee the riwr chamwl bas deeponcd and *he ground

water level hne conmdquently oen h-nc:/

" Bryea,Xizk, Ohenge in plent assselsations by shange in euni-wmater Mwel:
Foology,vel <9 meod pp ATAATS, 1998,

Ia eomw plaeee cleng with he wogmite Vwre @re e few pale vord trees,
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which are casily recornisnd W Uwir green trusk o rensiee. Oa higher elepee

tinee reee ore mach smaller and in cesw plases erre hardly msre then shrube.
The pale flerre (iremmsed) 1o ummally found along é&ry mashes on the higer
alluvial slepee and mer e beste of meumtain olepee. Wwre 1t 1o will devel.
oped Lt forme a large Wwee with a mshy oremn of bilwo-green leaves.

The upper alluvial slepoe are in places partly csvered by catelee (Une
$ pats) o Vorm used fer several tushy epocies ¥ geneia rhose ‘wamshes cerry
meny ewrved therms. Tiw oho.:o is on 0? the mest strikias nf the Aeserd
plante and 19 found en eome of the gher pediment slopee in *he ortherru part
of the valley. The plant comsiets of a wrber of steme ~bout rn inch im diametor
end 5 to 10 foet long rieins and spreedine frem @ low Dosee ™o stone have mmme—
mpres chert theras, and in the epringtise ere cswred with clusters of amsll
Wwight-red flowrs. On the wpper parte of the sleses in the moridlera part of
the valley tiore we escasiomal individeale of the ealmere oactus., This grest
canislabtra-lile cpetue is not oo commen in the Sen Pedre Zaller o0 14 1o fartler
wet 1a o vieinity of Twosen. "maller speeies of @etns are Humd on o
portions of the podiment elopre in the moritern part of the welley. The cregsete
ek alee covere purtions ofthe lowsr allwwial mtwmeh oio\.i sasaten greee,

a osaresr varisty of come valwe fer forage, grove on seme of o botten land
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viore greund water 19 present vithin o 0w foet. On epen slepes ia U Cigia dtv

distriet tn Uw csnthwret part of Uw river beoin the gucee v Spenich biyemwt
Hat.
nl4 setel, ¢ species of agave or sontmry pu.)-o cemmnie. In this avee pled
abed
beoar grese o coerer hareh verioly which growe ian largp clanpe u‘fou-l in semw
por‘lems. Above an altitude of ademt 35,000 feet thead dosert plante give wyg
te live saits, bemcath vhesr shadd there ere ssveral waristics of gresma and
otler foreet grassss. On the Rigler msuntein slepes tiere are Janipery and
e,
phu-d adove 6,000 feet a thin ferest of yollew pime. Theoe upper msuntiain
Dot Vi Forad av A
arcas have beom included in n-/cm tiationnl Ferest in erder teo senserwe
the timber end efficiently use the asging.

‘e region hae 80 leng been setiled and used for cattle raising that there
1s Mt a g eat smeunt of native wild 110, Ameng the larger animble e seyete,
wild eat and fox are ocscasismlly seen. oy prodably Llasrease and dimimieh in
aunkers in asesrdanse with the +wppoly 82 jook radhite and esttomtail. A foe
emll redomts shiefly tiw pask rat and e specios of kangaree ratl ar: fairly

somasn. The early explorere trepped braver slomg the %an Pedre "iver ut twe

animale wre lone age killed off, It was loecally reported that a few

deer still prjds are to be found in parts of the mountains.
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C
Teriny Wmamrds, revens, e fov ouls and snmall hawks ere tiw meot mobeadie
birds in the region. An essesisml read runmer may bo oscen and in the higher

lande there are 7’&- bande of quail ant deves. Daring the dry escecns there are

fow snshee oFf 'olicsnsme instets in evidense, dut thees are tc bo ssen BFe som-

menly in the rainy oonq4
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GROLOGIC FORMATIONS AND THRIR WATER-BRARING FPROPERTIRS.

The rocks shiech compose the mountains that border the San
Pedro Valley consist chiefly of granite,dlabase,and perphyry,
shich are mostly of pre-Canbrian néo;lehht. of probable Archasan
age;quartzite,limestone,and shale of Cambrian age;limestone of

RIE I £
Devonian age;small areas 051 rocks of Barboniferocus age;sanistons
and shale of Lower Cretacecus age;and lespconscolidated deposits
of Tertiary and Quaternary ages,

The aore anclient rocks are for the most part coapast and
oontain only small amounts of ground water.Jn some places where h
the rock is deeply disintegrated,as it 1» in the Oracle distriect,
water may be found in the dense rock at depths of less than 60
feet.Jn othor places,as exerplified by the mines of Tombatone,
the dense rocks may be dry down to depths of several hundred
feet.The several clasaes of rock and their approximate thicknesses

and water-bearing properties,in the San Pedro Valiey and adjascent

acuntains,are lisved in the following table,



Prinsigal veok formations in the San Pedro River basin, ssuthec-tem Avisona,
and thei> water-beariiag properties.

Systemgeries,
and formation Charecter of material. Approximate Vater-boaring
tu:hou properties.
eet.
uaternary Alluviomiailt and sand of the Satursted with
inner valley;and sand and g0 ground water at compe” -
gravel of wasghes. 10-_10€& atively shallew 4spth
and supply moderele
amounts $o wells.
Uneomformit:”
Tertiary
Pliocene Stream and lake depoaits of sandy Partly consolifated
clay,sand ,gypsiferous cley gravel, porous beds contain-
and conglomerate(Cila conglomerase), ing consideradle wate -
of the upper valley sides. 1,000+ whieh is under artesi:”
gm in seme beds
n general the depositis
are too fin‘grained to
3 yield abundant supplics
Uncomformity
Cretacsous
Lewer Cretaceous Red shale and sandstone ,with $hin Comparstively porous
beds of gray limestonejchiefly on rocks which store
the west side of Thetstone and considerabdle grou nd
Huaclmea Mountains. 1,000+ water and supply smal’
amgunts to springs
and wellse.
Unconformity
Carboniferous
vanian )
Tornade 1limestone Dense limestone 200+ These are dense roiks
containing 1ittle
Devonian vater emsept thet
Martin limestone Dense ,thigk-bedded white limestone, which is stoved in
forms parts of several of the frasturvs aind seeme}
mountain masses. 200-400 and supplies small



Cambrian

Upper Oambrian ‘
Abyigo limestone Doniee .gray S¥yslalline limsstone, 800-900
Boles quartsite Thick ledges of white guartsite

(These two formations make a

narrov sone underlying the Martin

1imestone in the mountainsg on doth

sides of the southemn part of

the vallsy. 150-450

Cambrian or Algonkian
Apache group Quartsite ,limestone ,and ghale; small
areas on the flanks of mountaing on
nosthwest side of the valley. 200+

Archaean 7
Pinal schist Dark misa schisticonstituies a large
part of the Santa Catalina Mts, most of
the Rincom Mig, ,and small portions of
the Little Dragoon,Dragoon,ule,and
Whetstone Yts. 1,000+

Igneous rocks?

Teztlary and Cretaceous Volcanic rocks consisting of rhyelite,
basalt ,tuff ,ash,and agglomerate. 800+

Cretaceous Intrusive rocks,.of granite,diorite.,and
porphyry. 1,000

Yostly pre—Cambdrian Oranite,diabase and other orystalline
socks. 1,000+

The fraguental
materialo are poré s
and affovd storage
for eonsideradle
ground water,

These are dense
rocks vhigh in

most plases contal
11%tle water;but
vhere grestly frec -
jured thoy may
afford gterage for

senclicvcdlie wappl -
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ia
Pre-Tertddry rocks,
| On the east slde of the valley the Santa Teresa and Pinaleno

Mountains consist chiefly of granite and schist,although there are
scme later s rocks in the southern portion of the latter
mountains.In the lower part of the canyon of Aravaipa Creek there are
areas of ancient diabase, The horthern part of the Little Dragoon
Mountains consiat of schlst overlain by Carboniferous and Devonlan
limestones,The southern part of these mount:ins is of granite,which
extends southward and forms a large part of the Dragoon dountalns,
together with Devonian limestone and intruded granite porphyry.JIn the
central part of the mountalns these older formations are in part
overlain by Lower Cretaceous sandstone and shale, The Tombatone Hills
are of Carboniferous and Devonlian rocks,intruded by Cretacecusa graalte

and overlain by reanants of Cretaceous strata. According to Ransome as <.
/ N

juoted by Darton,the rocks in the Tombstone district conslist of

\\\ .

<N

~ Darton,N.H.,Guidebock of the western United States,Part F,The Southern
Pacific lines New Orleans to Loa Angeles:U,S.Geol.Burvey Bull.545,
P.177,1933,
-Bad* basal strata of 440 feet of 30lsa quartzite and 700 feet of Abrig
limestone. iext above are 340 feet of Martin limestone,50) feet of
Escabrosa limestone (¥ississippian),and 2,000 tp 3,000 feet of Naco

{
limestone (Pennsylvanian and Permlian).There 1s muech faulting.
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At Lewls Sprin > and at intervals northward porphyry is exposed
along the valley bottom,praobably along the crest of a burlied ridge
that extends from the Tombstone area,
The Mule Mountains consist of a core of granlite and schist,with
Carboniferous and older limestones and quartzites on the western slde,
On the western side of the valley the Tortilla Mountains in the
morth are of granite,with a band of Camﬁrlan and Algonklian rocks along
thelr east border and some Cretaceous volcanic rocks in the southern

end of the mountains, The
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Blask Hille are an exteonsien of the samd reck fermations seut'wastwmard inte
the lower portion of the valley. Im the Oresle distrist amsient granite 1o the
srinsipal reek Wut a large pert of the merthern portiom of the Sante Catalima
Meuntaine ie of inmtruesive granite with simer erees of diadese and of aneient
limsstore and quartsite. The Pimson Meuntains consist almost wheily of schiel.

APS/{(r\p!

Perther somth vw The tstore !'ountaine consist of granite in the northera peasd-
end nf ansient sedlwntary rocke in the ssuthern portien. Cretasesus sandetom
evd shale everlie iFe older sedinentary racke in the southwesti pert of theee
msounteins. In the ‘etany “puateaing the '!uttu/ibohm. of Devemian age, forme
proainent cliff'o end is intruded in =ome places by Cretasecus granite. he nerth
flark o the Camle H;ll- is formed of Carbonifercus and Nevenian rocks. The
opre of granite is expcsed however in a pass rear the east end of the hille.
In the Auechmoe Wguntains the pren'te core is extensively exposed hut is over.
lein in part by the ancient eedimentary roeks, and sandstons eand shale e . -~

the
Cretasecus age forn i4s wetern side of the mountaime.
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* ‘anf the Tertisry sad 1ater
nlution of th&‘ ”* 7.Lee and Yirk Eryab).
e . :k“ctt?i:hs:a.::“a:ou vﬁ?:wm nate-beck erotamss Uy Miiis
epos '
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Tortiary sedimentery depeeits.
Tho sreater part of the lover elopes of San Fedre Valley 1is underlain by

depesite of olay, send and gravel. Some of these bode worc lalld dowm ia fairly
uniform layers in & lexe or lakee thet once sesupisd the valley during a-pertof”
Tertiary tt-f. The coarser deposite probetly werc lald doun by streasw which
entered the lalws. “'r# anproximets extont of thwee deposiis ie ehewn by the
extsnt of the Mwigione pocdicent, inlicated om the physiegrephic map Plate 2.
The peologiec buuniarice of these Tertiary depoeits were nmot mapped im deteil
durins the coures of field examimation. 1The relatiom of k=3¢ esitpmty
EAred
beds to the older bed rack s indicated approximately in the shedeh seotion
Tipure 3. The carlient lertiary deposite esem to consist of beds and .onses
Pieare % Orose section showinr renersl nh?.ﬁn of the bed roek |
and the Tertiary and later depoeits in San Pedro Valley.

ef coarss oconrlemerate which wre named by Cilbert the Clla conglemerate frea

their promdnent exosures in the 33ia Hiver Valley.
Powell,J.%. U.S.000g.5urveys 7.100th Mer.Reri.vel.3 Geology 1875
Part 5 %olegy of portiomns of New Nexies and Arisena explored in
1873 by C.K.011bert, pp.305-542 (Neseription of Oila conglemerate
on pp.SA0-5A1) .
"he character nf ¢t Lo conglemsrate in the viedmity of the lewsr part of the Sen

~
Pedro Valley hes been deseriled by Ransome who considered it temtatively to W

v
of Pleiriocens s0. Schwansssesn scnsidered the Oile senglemsrate to b @
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lacustring
dietinet formmtisn underlying fimer- mrined deposite tat kmohbl after making

At tn_-.t’fl {,

more inierebve etudies im tiw sane resion cousidered that the beds of Gila

ocongleserets interfinger with and are an imteural port of e thick series »nf

112t are, etdemst in pact, of upper Pliscene age.
etresm and lale dopnnon Kmwohtol belisvea howver thai in enc® pleaecs there

may be prssent a wries of ‘!'brtwy depesits earlier than tho Ala oonzlomerate

rdoa n D‘Z—‘Mﬁ ‘,/%J# G A lta
end 1te associanted hods, pA‘f

2,14,5, ;J,C.io{
;/-9»* 107

¥ Rensvse,P.L.l.5.Ge0l.5urvey, el .Atlas,Ray felle (Ne.217) pp.l3 and 14,
1224,

~J

N
fchwenrseton,A.T., 7ro!ory and Yeter desouress o ihe Glie and Sau Carlos

Valleys in the San Carles i(ndian Ronrvauou.nlwm. UeS.CooleSurvey
Tater Supply Pever MO,Vig.? ‘rd pp.l g 1121.
¢ Eominibubai b ZTa Lo Ay

T "A’ ‘I/."v«o(‘t-\x\._‘\‘_'/

fud.
Inechtel,!.! ..rb.hy and “ater ‘escurces o’ tm Uile sand San Siun 7 .

Valleye,Oraham Courty, seutheastern Arisona: U.S.Geol .iater Sapply

1

Paper (12 reeparetian). - —, / 3 T F
Prige S6a geer 2u e S
Poesil bonee ¢ mastodons end other larpe maumals and alev of sualler :\

> o 4
€
sninale have been found in the deposits in the San Pedro Valley and identify
2s 1'{‘ i

v’

4hsa as being oPAPle apde

! A, Y

At five pl-oes in the San Pedro Valley esuch
Gidley
fostils were found by Bryen and Sibley and the material has been describded iu

two publisations by the latter.
01dley

01818y,).Y. Prelininary repert on feesil vertebrates uvf the San Pedre 1
Talley,Ariz. UsSolesl.Jurvey Prof.caper 151 pp.m.m,gs—"
Pyesil probeseides and Fdentata of San Pedro Valley Ariz. U.S5.Ceol.
Survey Pref.Paper 140 pp.85-95, 1926.

In the fims.greined deposite ‘here arc in some plaecs beds of pypsum and
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-
Ross observed in the Aravaipa district tilted sedimentary

— Ross,C.P,,Ge0l0ogy and ore deposits of the Aravaipa and
Stanley =zining districts,Grahan County,Aris,,U.8.0ecl.
Survey Bt11.753.pp.89-30,19ﬂ6

deposits,interbedded with lavas nnd tuttl,lhioh he considered

to be of Miocene (?) age.There 13 an angular unconforaity

between them¢ and the overlying nearly horirzontal beds of the

s
Gila conglomerate. ¥oore has mapped tilted sedimentary beds

N, .
- loorc,Bemrd WW

m Cr:l Coom o llllCQf‘IO{\

which
along the Pantano Wash,west of the San Pedro Valley, M—ia
he considers to be of Niocene age. It 1s

possible that the tilted beds along the Babocomari River,
that have been considered to be a part of the Gila conglomerate
formation,may also be of earlier geologic age than the Giin

- . -

conglomerate,



57
dla%emaocous earth. Svpsun beds 2 oF 5 frot sPe oxpoeed meer he ms:th of

Arm;ln Creck. Bods of dlatomasonus earth J Mot thiek are empoeed about 3 mlles
southeael nf Bensen and have heen warted sormmroiam.ly, en:c of the =a'srisl belag
used at the plant of the Apeshw euder Compang aeardy. Ia the swuse lesalily
there are alao Wdis of rypmam whieh have deen wariked By the Arisons Cypeam Flester
Seompany .

T™eee Teriiary deds of comparatively seft end pereus zaterials ¢ ntein meh
round mier and constitute the meet exonsive weisr-des-ing forastioa in the
velley. n the hicher alnpes mter {9 found in L7k ! depthe dependent oa
the thickne«a of he (onnsiis end the depth to the more compact bed roeke
Bermgth the !-rer valley they contalm ot depthe of o “ew hundred foe’ waler that
ie cndevhrtonion sreemre and o a fer ere=s thie pressure ie great enourh

%o produce Tlpwing artcelsn wlls,
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Tertiery volsanis recks.
Daring Tortiery time Ywre was sonsideredls woleenie esilicn im this regiom.

In adéition te “lowe of lava thiek depesits of volornle Wrsceiu wore foreed in
the lakss «f the valley end there were extensive shorere cf volesonic egk. “n the
east slde of the enlley the Saliare and Timehepter Xowntalne vhich separats the
"

upper valley of Aruvips Jreek froy the malm San "edre Valley are soapestd alaset
enatirely of Tortiary voleanis resks. Tart':r scath tre southweatern pert of the
Orageon “suntaine is composerd lergely af Tertiery leva « Mesr Tcudet e there ere
onall aress £ basalt which esem to be of Toriisvr ape.

In the leowsr part of the San Fedrp Telley there e .}ﬂn gsaall hil's eoaposed

\

of lava, Wff and agglenorats of pf;b.hh Torsliary ngoe "he harder rucke ore of
11ttle importanse us wutor darere Mt the levere of tuf'® and ar-lomerets ave
aulte porous and are ospable of eterinr much mter. “here threy ~re¢ cxrosed on
the aurfees howwer they are tig ‘him te hwe rmch walue as reserveirs for shellew
ground wmitsre Probably within the eeriee of Tertigry Beds in the nprtherp nart
of the walley mer Nalpaie Rill there may b0 o 3 PP and agrlewrete interbeddsd
tith e fier greimed mere truly sodimsntary metorials. Such buried leyers of

velsanis material 1f pressnt mey comteln mich rrouni wter.
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A suvall lrvs 1811 on the cest slde of the Sam Pedrc River 5 mileo scutheset

o? Yinkeluan (s compoecd of tufeceoma beds vhicu dip ebent~25" wortheesiwrd.
Halpsis Y111 consiste of sdseply-dippiag cray amdissite erd bressta, dippiug sbemt
0° to the morideest.

Pest-Tertiary depeeite.

The pest-Tertiery depesites are limited ehisfly to the allnvium aleng tie
primsipel edres= charsele. ™he ovea f chief imperterce ¥ » ita groond rate:?
poseidiitties is the inwr welley rlone the San Pedrn Rivor. T™he e!luvian or
valloy P11l 10 'elicwel t- haw 3 meximure thilckneass o =hout 30 feet pa Indped
froe sveilablo wll reeords.

e elluviun P+ iatarated .zd ih x=ter nt ariroximn‘ely the lewcl of the river
sharel an! 2i:plice waler on uany eneil rencihes by noavo of alailow welle diug
in *he Lotbem lwide Theoe wellie ylield mrirle muporitec for dom-etic neo bat at ihe
tize of exanination the shallon groumd.water suprly had hardly Soon tonied for
trf&gaticn parrose. Ta spet 27 the lnner vallay where the bettun l=nd 1o wilo
enoush Lo el ¢ nalderadle arzas of cultiveaMle land =early ~i1 wily 4% ligve
boen sanit kave DLoen drilled to t» deeper horizsne of eriseisn n;cr. ard the

ohallen wsters heve tbeen camvd of%,
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IRRIGATION.
Surface mber.
Farly use.
ifter the establichment of the Mexisan Republie im 1825, the cettlement of

valley lands that new ferm part of ssuthern Arigsena tosk plese. Aleng the upper

San Pefire River Swe grante of land were made by the Wexican geverment, the San
{’,/Vfl-u#
Rafes] dol '.up4 extending “rom the present Nereford to lowie Yprings eand-wbout

POV o

-A-utizs—stées; and the 3an Juan d¢ les Doquilles y n.puo,to-u-uup the land of ‘
Tha G Tpracin dill Lotot sty
the imwr wvalley from Charlesten dowmstreem for abeut 14 dln./‘ Another greamt in

the valley éw;:boml tiver ineludes most of the valley hﬂf alongz that stream.
These lande were ueod by the Yeslean proepristers for the grasing of eattle

in conneotion with which industry m:ch of the bettom land was devoted to the grewing

of wild hay. irrigation of these meadoss was ascompliohed by ditehes taking w-'er

frem the river, GSuch use has been comtimied to the present time.dltheugh ewmerehip

het paseed frem the Spanich-fmerican to Amerieen omwre the land grants have net

Aetan

boen subdivided as they h"/'t in other parte of Beuthern Arisenma and 19 Southera

Califernia; dut they have been contimwed as elttle ranshes and have beon added

by the aoquieition of adjesent lande eshiefly threugh the purehase of homesteads,

(1" ]

In 1954 the two gramte along the San Pedre River_het csasideradle land en

L ‘
the adjetent olepee wore sperated by the Boquilles land sad-Cattdes Compawy.
The Babesomari ransh wae eperated by the Babesomari Cattle Cempany.
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Horvefyrd diteh, :
-~ y.r
One 0f the earlicet irrigation dl.\ohu‘ sonstirueted was that which

eupplice water to lande in the upper part of the San Rafesl &9l Valle grant.
Thie hae its intale about 2 miles abeve lereford and eovers dettom lands on

the east eldec of the river f r absut 2 miles below thet plase. After the
sumer fleeds have esased the eustem has beem to construst a brush and eand
wing dam diverting water into the diteh. The deeponing of the river shamwl hn
in recent years has hewever rendered diffieult ‘he diversion ef water by this
simple mcams. During some scasons of low w-ter little irrigation has been

acoomp lished.
Bequillas diteh.

In the nerthern part of the Begquillas ransh a coneiderable area of
betton land hae been irrirated b e diteh tckiap water from the river sbout
5 -l,lci above Zert Tairbank, For several years prior te 1954 however the
1imited supply of »tor available and the eutting and ehifting of the river

shanrwl haddgreatly reduced thw asrcepe that ssuld be th:s watered.

SteDavid diteh. ' i

In e commnity diteh wae W11l8 by the eolery of St.David

Saking mter fres the river cbeut 9 miles upetrean end supplying land ou the

caet e¢lde of th» walley in th» vieinity of St.Devids In 1934 there wme under

2,02
irrigation frea thie d1%eh =beut JyBBU acres mest of shich coneieted of alfelfe
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flelde. DL#leully "ae been emperionsed in Iweping the diteh in eperatien

" ropoatedly
booanee Alw divereion dam which 1o partly of plask construstion has bonA-ahu
out by niner floede. The dseponing and widening of tho sharmel has alee Wees.
sitated mch werk in directing the river mter imte the diteh. By liaing part

of the diteh vith comsrete (e mepage 1oeeve have been comsideradly reduced.

Curtie diteh, g
ed/‘- o
A minor diteh at a lowr lovel than ‘e 84,Devid diteh -" ooqntruoud

shout—2977" 4o irrigate land on tiw _-ff ¥r.J.N. Ourtie end adjcent land-
owwre. 'woh difficulty wae experionsed in reping the intaico of the d'teh
in epereting osndition and in some seatons of low mWer LAt vater wae
/926
available for thie diteh. In 1087 Al diversien werfls wmre destreyed by floed.

In 19954 thie diteh had mot yethoon repaired and the ercharde and alfelfe fislde

formrly irrimtei by it wre net preductiv,

Bonsen ditehes,
The maia Sensen amh,.,onw a0 & sonmnity omter;rise by farmere in

the valley botwen St.Navid and P-n.)hbo water from the river abmut 1 mile
Wisw SteDavid by mans of ¢ sonsrete divereieon dam: The mein diteh has &

longth of about 7 miles aleng the cast side of the inner valley and 10 1imed
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with conere’es in some portions. It supplies wmater to mearly 1,000 asres of

alfelfe, wheat and corn. The chersster of the h-riphl lends meer Pemerewm
is shown in Plate 9 A. Farls in 1954 ansther somsrets divereion dam was eon-
strueted about 2 miles below the headworks of the mein diteh to irrigate lemd en

the weet side of the river.
Migor ditohes:
During the early years of settlement of the valley below Bensam

numerous ditches were constructed or. both sides of the river to
water small flelds,btut the deepening of the river channel rendered
i oo, 0° 3t Of them inoperative,.In 19034 only a few were in use,

On the west side o” the valley about 2 miles below Tres ilamos Tields of
meadow land om the "hite Nouse ranch have been irrigated by a short ditch
takin~ water from the river. The deepening of YW TFIWYF Shaltwi—tn—thiw pertive
7ie portion of the river chanmel eince 1920 hee reduced the efficiency of this
diteh honnr)nnd made 1t di“fleult to mairtain diversion work-.

On the Arandoles ranch abeve Apodaca schood a sma!l ditch in 1934 supplied
wer to about 50 asres of alfalfa. MNear the school .mihﬂ'/llt.h took out water
and irrigated a einiler area 1 to 1i miles delow, on the fernandes ranche A
third diteh watered flelds om the mext ransh belew and a fourth ditch irrigated
about 30 aeres on the Peole or Bedegain reansh. All the bottem land aleng this

pertion of the river e on its eastern -u-/ “or the steam cute apainet the

Shuffy on the wat dide £ ite shanmel, (Pee F1.6 B.)



Plate 9. A. Fields near Pomerene, irrigated in part from flowing artesian wells.
Benson and the Whetséone Mts. in the distance;
B. San Pedro Valley near Redington, showingz irrigated land. Galinro

Mountains in the distance,
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Sench land 1 tn 2 iles morth of Cascabel has been brought under irrigetion

from a emall ditch heading near the poo+rﬂ.oo. This portion of the river chanmel
[92b
wee deepensd severel @eet by floods in 19:5 end reconstruetion ef the didch was
neceseitated. Fven in timee of low mater there is a supply aveilable to it
water
howver fron -prinq’/ or river underflow vhich comee to the surfaoce i.n/ the
{

chanmel about 170 yards above the head of the ditch,

g}"- the Baylics ranch at Nedingtem abcut 50 aeres of alfalfa is watered

Y, (220874

from the river and 3 miles downstream another field of bottom land, whieh is
wt ~ c arAlg A d A Ay Rolean Adcd,
show in Plate 9, Bjito similariy--irripated. v 1

On the weet side of the river the bottom land on the Sacaton ranch wae
formorly irrigated with ditch wnter but the cutting of the river banks in 1927
rendered the ditch umeable. On the ¥ills ranch on the east eside of the valley
about 5 milee farther downstiream riiver water hee been used for irrigeting alfalfa
and on the Clark ranch near lammeth ab ut 20 scres was under irrication by ditch
in 195".

The diversion of water by these Bmall ditches renders the river chanmel
dry or rearly so for several miles below Mammoth durings the p eriods of greatest

o

irrigation. Below the meuth ef iravipa Creek hesever considerable underflow

reappears in the river chamwl. Irrigation on the ranch of “mith Brethers
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 § at formfir Feldman post office,is ::cq-pllnhod by ascumulating the river

‘gﬂltoohsrsp in Cook's Pond,a shallow reservoir formed by low earthen
enbankments.This reservoir also stores the water froa several springs,
possibly of arton‘fh character,shich 1ssue for about one quarter of a
mile aiong the border of the river lowland,with a total disscharge of
perhaps 100 gallons a minute,At periocds of about two weeks,when a
sufficient amount of water has accumulated to give ths necessary head

and volume in the irrigation ditches,the water is distributed on 226

acres of bottom land,on which wheat has been grown,
About 6 miles below Smith Brothers' ranch a ditch 1terigates 150

- &’ !
acres of alfalfé and orchard on the ranch of Nr.viles Ray,near the

mouth of the valley gne naprow areas of bottom land on the west side of
the river near its ucuth have been so extensively cut away since 1920

that little cultivated 1land remained in 19034,
Along Aravalpa Creek and the Babocomari River,which are the two
principal tributaries of the San Pedro River,the dry-season discharge

4, 0f each strean 13 fally used for irrigation.On the lower course of the
former stream (see P1.8,A),small orchards and gardens on 13 ranches are
irrigated,and the entire dlscharge at the mouth of the canyon 13 diverted
onto alfalfa flelds,so that the stream channel 1s normally dry where it
Joins the San Pedro River,
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On the Babocomari ranch the river discharse fis used ohiefly on meadows of
vild hay (see P1. 8 B). The lower portinn of the river oourse 1s through a canyen
in which there is no cultivadle lend.

Flood water from Covernment “ash was for = few years stored in an earthen

beside

den u;\ul lower couree for irrigetion of fielde of malise and Johneon grese;

but the unocertainty of the supply rendered the project unsuccessful.



Plate 10. A. Damsite on San Pedro River near Charleston, looking upstream. Bronco

Hill in the distance;

B. San Pedro Valley neqr Palominas, showing long artesian slope of the

valley sides. Huachuca Nountaine in the distance.
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Charleoton reservolir project.

Irrigation in the San Pedro Valley by meane of the natural flow of the rlnr7

vith no provision for otonpp} has proven uns=tisfactory because of ' he greet
censonsl and yearly variation in the discharpe. The irripation of lands at present
cultivated would be rendered much more oertain 1© storage were provided’md it
would nlso be possible to irrigate » much larger scre-ce 1 ihwe flood water could
be conserved. About onc quarter of a mile north of Charleston railrpad staticn
the river enters a rorp,o'an:-l for half e mile passee betvecn steep slopes of
prenitic porphyry which offer n pood da- eite as shown in "late 10 2, The

e

project wae exanined in 1903 by the '‘nited "tates neclamation service .

U.8e"ecl.%ervice 3d ‘nn.Repst. Tor 1903-04; ian ‘edro "rojeot,pp.6i-62

and 157-170. 190%5.
" dom constructed to » heipht of 100 fect nhove the river bed at a site 1,500 feet
nortn 0® Charleston would provide 60,235 aore-feet of ctorape. The tentative plecas
provided that 1=rigation wo'er would be discharred iato %the river ghennel and
talkes out P miles below the dam bv an over“all masonry diversion welr and carried
in ocanal 65 milee before distribution bepan, The consiruciion would neceseitate

Iy ll

the rebullding of about 95 miles of the $-uthern Facific Hallway w ich passes

throuch the porge and reeervolr site at a cost setimated et nearly {125,000,

A preliminary estimate of the cost »* the project wae as followse:
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Prelisinary estimate of cest of San Fedro prejeet, Aris.
Total coot of storam dam; meving reilreed, and ether

reserveir soste $356,152
Total soet of eamal end headwerks 11948 _
Total 7 19,267

Ie ;' yoarly mpply of 80,000 asre-foet were availoble by storepe and matural
flo'}M ws estimateod thet with a camal of 230 escend-feet capecity, 20,000 aeres
osuld bo irrigated. The eost of th? prejest would therefore be abeut $36.77
for o;oh aoPe bought unicr irripation.

Seme preliminery scasurenents of tne streex discharge were made and in
1914 a gaging station was es'nblished at Fairbank, 11 miloo below the des site.
In 1921 sever.i teet heles were 1gilled in the river chamwl ot the dser oite

WA
and 4he depth to bed nok‘ found to be mere than 30 feet. In 1928 the geging
station wae meved %o the d-n:nlﬁ and measurements wre somtimied under a
sosporative agreemnt between tb United Statees Wwolegieal Curvey and the
Arigene Stete Engimsering Mepertment, In 1934 the prejec’ was under o-usidere

ation by the State sutieritise with a view teo obtaining Federal aid in ite

constuotion.
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 —— ' Other reservoir sites, -

At The Herrows 14 miles below bmn the :-.mr ehanrel Lo berdered on eesh
side by steep olepes of o/éhut. zu-um onl‘-un of the eite by W,
Bryan wumﬁ{ that a dam abeut 300 fee: long at the r.ver lew)l and providing
for storage 100 feot deep wuld form a reservoir sbout 5 miles long with en
averags width of 1 mile. This weuld mot sudmerge mich land that has been
Wwought under sultivation, for moet of the meadew mear ti:e "hile Houee ramsh
would be abpve the water lime, The amount of afable land in Sen Pedro Valley
bolow the dax site 1s probably too smell to justify a reservoir at thie plase$

r

I:;tvu it w.:1ld have coneiderable value for § rrigation and-dlee fer fleed
contrel if thw Charleston reserveir dees mot prove to be a fessible p rejest.

A dam oite 1 mile merth of Redingten e formed by bluffs of Cevonian
limestone and shale and the reservoir besin ebdeve it would extend up the lower
pertions of Beshman Canyen and Redfield Canyonm. Howver theleultivatod land of
the Redingten ransh and of eeversl other ramshes for several miles up stresm

formation

would b0 eubmerged by the emsation of a reserveir at this eite. Although

the ereainage area 1o somuhet greater tham that whioh is trib.tary te the

reservelir cite at The Nerrews, (Uw oterese basin ie prodebly ret se suitable
because a oonsiderable acreage of cultivated land would be

submerged,
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The Ceolidye .'31 the Sen Carles Feservolir, i en the

Gila Rivor about 25 niles above Tinkelmem., During eccasons shen the water 1o aet
Plarense distriet

weded for irrigstion on lands in the Slln-Stadley- of t\he Oila Valley,
mich water ie sent throurh the poverhouse st th- dem to gerwrate eleotricity te
moet the nseds of sonsuners. Stdies have been made for a storage resorvolr
%o impeund thie water telow thwe pewerhguse so that it may be conserved umiil
weeded for irripgation. For this purpose examinationd of the l.o-'r San Pedre

Valley has Y%ecn made, but no foaelible aite fer the storuge of such water has been

found.
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Artosian mter,
Palenimas.tioreford distriet, |
Tithin e mrres o alang She upper peart of Uiw fnme?r Salley ia te

Palominns-loreford diotrist several floving aPtocian wille "eve beon doveloped
and used for irrigatisns The artesian iwed ie light homver and the discharge
10 o0 snmall that oxtensive developmnt of V0 artecian mter hn netoen peseibdle.
The ertesian head ie apparently & to hydrfotatie pressure that is developed in
loneing bodices of sand end gravel bemsath the slepee shich extend dewn to the
river from te lule Meunteine on the eest and the Huashuea ilguntaine en the wet
ae shown in Plawe 10 B,

loar the river upstrean f-of Paloninas eoverel drilled wlle have struck
snall fleows of artesian water at 150 to 13 fees and furnishud”eupplics for
dowsetic and oteck use. m™lle that haw beon drilled -t Paloaines, whiech ie
about 30 feet abeve the river shamwl el water that is under censiderabdle
artesien head Wt met auffieiont to prednee flowing wlle. On the wet side
of tlerivwer abaut 1 alle nerth of Palemimes the wll of ire R”M orhorl
obtaimd & emall artosion flow ot 125 feet, and werer the river Cho-—wodd- i
M?r’% alee obtalwd a amll artesian flovw,

Ome of the primsipal arteeian wille drilled in thies distriet 1o that of

He,. J.‘.P.un' Sellag- in the river leslend ebeut helfwey betwen Falemines
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and Noveferd.

, e
- ™e semsral charester of (i materiale emssuntered in 4he crieeien aree
L ~ .
~of-Aw-wpprr-pertion-vf-tiovalioy, 40 shomn ;?m following log of the wmil
{ of Ur.JvinPolley . mes-AlD-siver-abont-5- v WrWw 3P PRlEt YT

Gog of ertocian Wil of J.B.Polley wer Palendngs,Arls.
"‘t oe-2,7.29 v.,R.22F.

Haterigl Thickmees Mpth
feot. foed.
Sravel D 2
Cleg 2 %
sand - - 05
Goars eand (flezdng
artesian miter) 170 b/ ¢-)
"1 eand » 08

Thies wll me eased only te 100 feet,as tiw lowsr materiale wre partly
conselidated end &1d not ewve. The wll dissherged edemt/Z cellens o simte
Midh ter ssveral years after it wmas drilled. A gredual deereese in the yleld

£ ounind 4‘5’ Ao

e prodably & to pertial slegging,—w saving of naterial abeve the

nain mier-btoering eand.

S ———



Plate 11. A.
3.

San Pedro Valley near Fairbaan,. Teabstene Nille ia the distance;
Artesian spring 5 ailes south of 8t. David.
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An artcslian wll of small flow was drilled rnwer tiereford railread station

about 1900, but its discharge wus %00 szull to be of value for irrigation end an
engine and pump wre installed, As the érawiewn shen pumping 1s enly a fow feetd
and the pumping cost L8 tiwrefore somparatively smsll this well has been muetess.
fully used to irrigate adjecent fields of vegetablos.

*t lewis Springs statiem, abgut 10 milse down the valley from Hereferd a

X o

wll that was drilled by the ntlr.+n a olight artesian rln,iu\ Ao punped
for lossmetive use, The will that was drilled for rallroad supply et Feirdamk

struek water at about 500 feet which rises to within 6 feet of the surfeee but

deecs not flow. The chareoter of the velley im this locality and the berdering

slepes of gently dipping sand and sendy elay are shown in Plate 11 A.

wore drilled meer St.David in 1605 Aprim of had deen offered by the
Terrdterial Covermeny for the firet eorful artesian wll but there s

reserd that Alw St.David uhﬁou rq._‘o‘!_v_o'_ Gile prim.

Histery of the ligrmens in Ar

i —— e e e < e e

i L . -
The teste for & riseian wmier wre prodebly stisulated by the presense of several

b}

oprings in 4w loviend meer the river 1ike that m\tg Plate 11 B, wvhich suggeet-
' il
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St.Dayid-Femerene disirist.

l The largest artesian basin in the San Pedro Valley is that of
the St.David-Pomerene distriet,in which the first flowing wells in

: -~
Arizona were obtained, Lee wrote of the distriet in 1903 as fellows:

oot

lao Willis 7.,Notes on the underground water of the San Pedro Valley,

e

The first indication of artesian water in San Pedro Valley is
said to have been notod at the time of a severe earthquake shich
oscurred 1in xeav. A% fissure 15 sald to have formed,froa
shich water tl.ond for several hours.This led to the supposition
that water existed under pressure beneath the surface of the
nnq,uh boring soon afterward resalted in flowing wells,

~Jm 1“5 CAA
& prise of §/ /570 1aa been offered by the Territorial Government

b ag Baveund) A Pe Kap £t

for the ﬂnt. suscessful arunu well,
Lo iQ»v( (fJ&‘ a”f ‘l ﬁ 307 (A\,aﬁ, 411.,4.140&”1 M/&b&l

L e AM% A
m—aﬁﬁﬂrmm The teats for artesian

-~ ' \
MoClintoex,J.H, ,Mormon settlement in Arisons;Phoenix, p.338, 1931. |

several
water were also probably stimulated by the presemse of/springs in

ated
the lowland near the river,like that shown in Plate “...'az
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TA
the prozence of reei~n wter,

~N -~

4% the Alme of 1se'e omsamimation in 1”5\ there wre more then 20 flewing
~v I
~UvioRotivioreies— 3 TPt ifur—29050h 3 1900~
welle in the disteiot. A1l exeopt twe which had been drilled by the railreed at

Benson had been put down with engere 13 to & tnshee in diamster. These wlls
were cased only part waye. The artesian heed 1s evidently preduced by the imter.
b0dding of csaree and fine materiale, the ceereer satoriaels frem the ssunthine
pimshin: out toward the river. The wter-bearing bWede are irreguler in thieck-
nees. Some water sands are only 2 feet thiek Wt in other places mter gravel
dertlfrd frme a el
mere than 2 feet thie: has been enceuntered. The greatest dtuhugoq we adbsut
8 gellons a umu) Sut the average dissherge for mewly-eompleted wells is only

ere drilled
about 10 gallons a mimte. Por irrigation uee several welle within o dow hun.

A
dred feet of eeth ether and diecharge iate en @efthen reservoir and when
euffieiont miter has accumleted it 1e ueed for irrigetion. The elay soil holde
vater readily and a contimieus diocharge of 5 galleons a mimute 1o considered to
b emsugh to irrigate 1 eere. T™he liaited diecharge of the wlls is predbabdly
due in part to small pemetration of e water cande by the drill end to thw lask
of casing to the mter-toering herissns, whioch allews leakage m upper strata.

The compesineses of somp of the water-desring sands alee 10 ‘e inpertant faster

llm*l'-llm ‘l‘bﬂ*’“.ﬂofﬁ -mnm
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after e short time, This ie probadly &me to +he partial filling of the wlle

by caving Ymatericl because of the lask of sasing. fowever some wlls haveflowed
for 10 years or more with 1ittle desresse in diesharge.

T™he wemperatmre/ef the wmter dioshergsd by differemt floving wile vasies

variations
Fre)

meve tham 44/sheuld 1f Ahe tempasature are due oaly to ceming frem diffesent

wmier-bearing herissns. It 10 predadle that the cseler meters are ooled by the

bolng nined with mater frem the upper mter-boaring strate. eaporatures reninging
neted

frem 67° to 81° wmre noted in different wlle. The warmeet water Secerded somse

frem a wll of Nr.J.FE.Parker,2 ailes wet of S5t.lavid. This wll was flewing 15

4
gallons a nimte frem sand emsounicred at 612-616 foet. The wll was drilled te 670

feod witheut
iosreasing the discharge,shich was originally 22 gallens & zimte,but

had been reduced by the partial clogsing of thw wild by drilling uolo/tlon in 1t.

At Bonsen High Seheel,in the seutheran end higheet part of teown,e wll drilled
1,305 feet doep onocuntored artosian mter at 902-9358 and 1,3557-1.571 feet. The

SRl ;
water 5000 %o uwithin 13 foot of tlv eurface ,and has a pusping capetity of 30 gallene 5

e slmte,with drqudown of 20 or 40 feet.
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of materiale emmountered in mm three wlls érilled in

the 5%.0avid dietriet.
M ertedlan
bg of wil érilled en fara of H.0.Cerr,2 siles wst of 54¢.Dawid.
(Parm of J.E.Parir in 199)

m 008.1,7.18 5.,”. D E.

Hatorial Thieknses Depth
foet. fost.
Sandy eoilt T 70
Red elay 20 560
BAnd cemd &0 L)
Yand, gravel,and D0 40
sof't sgndetene

(floving artosion water)

log of floving artesien will en farm of ".A.Riges.9 mlles
smmth-oeutheast of S¢.David.

Sv: ee. 2,718 S.,R.A E,

Haterisl Thiskwees Dopth

feoet. foet.
Sell end erevel & o
Clay %00 b
e cand, mber L oD
Clay o 500

Grevel and stemss,
fleuing sriccian water 0 350




»> 144

Lag of flouing ertosion Wil ea farm of J.N.Ourile,
6 sfles esmth of St.David.

i 090.93,T.18 5.,R.A F.

etertal far~Toglir
Yandy eley 1% 190
Liny candetoms 1 131
Mo cand,mber 0 161
sandstens,cand end eley %0 o1
Clay 0 »1
Oravel,floving artesian water S 86
Sand end elay,eltermating 10 66
iy cendetem 1 Aé7
Oravel,sain flow of ertesian

water 3 &T0

"ell 2 inches in diemeter, sased teo Z0 feet.
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In 1900 the Seutiera Preifis Rallreed &rilled twe 10-insh wille et Bonsen,
o dopthe of 707 and 08 feet. Fach enssuntered flouing ertocien mber ot

about 500 feet,fren which \'» primsipel eupply me ohtained,ne herisens of
lerger yiold dYeing feund et greater dspth. Each wl] eorigimally floewed

A2 gallons o mimte,.ond a supply mare then tulee as great was ottaimed by
Ao Hoa drbrrdpsn W adnt §0 4ot

-u"{ In later yeare/other wile wre &rilled by tie Rellread,fer locemstive

eupply . All peretrated apprexinately the same soquense of materiale,the log
of Wil Ne.3 fleing as fellews: kinily firnietwd by th» Rallresd )

Leg of Wil Ne.3 of the Sewthorn Pasifis Reilresd,at Bonsen,Aris.
S*i $00.10,T.17 S..R.0 K.

Hatorial Thiekness Depth
foot. foet.
Red olay Ly AD
Blwe elay ) 60
sl S &
Semd end grevel 32 17
Blue elay 385 300
Send (floving ertecien mter) 20 To0
Orevel 0 70
5047P olay 1é 2%
"Lissetone® (hard shale?) 82 06
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In e lowr m-y.r the immwr valley mar Pemsrems a mmber of wille
have been muu/m yield emll ertocian floss,and the wmter Lo stored ia
earthon reeerveirs and nesd o -pl_n the cupply of diteh -m/m MQQ.
y&‘m wpper portiend of the Lmer valleyjoems of the wills do met @uiwe flov,
Wt are mpy winduille and emall englmes,for irrigation use. The gemeral
oljaraster of the neterials in this pert of the valley e sheown by the fellewing

leg of &« Wwll gt the Pemerens eshesl.

Leg of woll ot Pemsrens scheol,2f miles merth of Bensen, Aris.
gqt ..o’.’ols SeR.DE.

Haborial Thiekmeee Depth
' foot. foot.
Seil 2 ko]
Gravel T0 90
Sand and sandstem & 1%
Pink elay 00 0
b 0
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dietriet Yz

In the lammeth dlotrict a et Wil for eriseion mter me érilled on e
WO A Ahscad of Warmnnslls ploet 1908
MM This ‘st was abandomed ot abeut 700 fwet witheut

omountoring mter under appreciadle ertosian heads but at ooend Voot érilled to
92§

0etlp-800 food struck an erissian flee in red onbum'w thet i¢ mlnly

e pert of the Glla conglemerate formations The water heas been used for domestiie

purpesss ond u-u.m.. it about the-wee” zw \on for aPtoeien mbe?

wae érilled oa Ww Smith ransh a uilee ssutheast of Nemmeth, ™e-wid emaeun-

‘ £90~7/0

dored WP at oot P80 feot: The dlesherge wes only a fow gallens a
Sk 1102y

aimbe h.”l} and pumping oquipment vee installed for u'rmtul, hie-sad..

M@mﬁgilmv '
o!l”

e et w1l for oil wmas ‘sterted a fou mnired yards ssutheast of this ertecian
wil. I sae earried %0 a total dopth of L,A0D feet and a etreng flovw of

arvosian -”A doveloped in candetene ot 1,875.1,970 feet. Thie has Doen ueed
18 o enall wmy for irrigations The log of thic Wil choving Uw charester of
muup-mu,uunu- thraugh the eauriesy of ¥r. Tduin I.Temb, -

of Tuosen .
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Shallow grourd water of imner valley.

SIIPP_I! and Qz‘ho
Nearly all the land of the upper slopes of the valley is too etony or

rravelly to be suitable for farming and the depth to ground. wmter is eo great thet
the costs o” pumping it fer irrigation would be prohibitive. In considering the
dovol:oplont of ground mater in the 1'umr valley for irrigaticn the two prindipal
frotors to be considered are those of the avallable supply and the depth to water.
The wells that have been drilled in the bottom lande passed throurh the upper
ground water horison and cased it off in order to maintain the artesien head of
the deeper horisona. Theose welle therefore do not furnish much information es lo
shallow woter o nditions. Dug wells are suni only a fer feet beloe the ground
water level and since nearly all o0” them are drawn upon only for domestic and
stock supplies they aleo have a”forded little information as to the capacity of
the upper mater.bearing etrata.

It is prodable that during the course of many centuries the San Pedro Hiver
has shifted its channel back and forth asroes the bottom lande and that chenmels
of gravel and ecarese sand are prescnt buried bemeath the later deposits of esilty
alluvium. Huch turied chermels and also layers o” e~nd and gravel that have been

washed in by side streams probebdly contain comparatively large gquantities of ground
Just where suoch channels are,

"y el deberttine deadl)y Pie Bbdkinge thil s 4s— 1% velisy ellurive fo-in-moet
" & 4



most
As the valley allutium i3 in »

,,/phcn only 2 to 80 feet thisk the pumping lift of water from suech beds would
not be heavys It L9 also grodable that in some placee the uppermest layere of
the Tertiary depoeite £ sand and gravel which underlie the river alluvium

carry mach water whisch \huld be readily ylelded to wells.
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Pusping plants.
On the dug and drilled wells througheut the valley that are weed for domest

and stock water supplies windmille are the neerly universal pumping powsr. At
several railroad stations losemstive supplics are pumped dy gaseline engince from
deep welle. At Benson, Teirdank, lewls ‘prince, and Hereford, aleng the trough
of the valley, these supplies are from artesian wells. On the upper eleopes weliv—
at Bisbee Junetion, Sibyl, and "hetetor® there are deep wclls te-the nenmeriogian
eround-water,deved,

The largest pumpings plant for water supply ie that meer Nace, equipped with
powerful pumpe which “urnish a munieipalwater supply to Bisdbee, 7 miles distant
and nearly 1,000 feet ~bove the welle. The largest pumping plant in the valley
Q,fkutjrr LAl

whose water is uerd for irrization iec that of the Ca.QuM\d' f‘“‘" ¢

mine on the southeast border of the dreinage basin. Deep zine pumps were installed

’
/WA_;,W":;'

about 19 0? to keep this mine unwa‘ered and adbout ’Z,A/M gallons a dap
have been pumped nearly ooutl.nluuoly. The water i@ collec'ed in an earthen
reservolr 2 miles south o the mind and eince shortly after the degimming of
pumping it has been used for irrigating alfalfe and esorn on the "arrean ranch.
In 1934 about (50 aeres wre under irri-ation, -a—dibeh—sarriing o-eireen—eob

Cebeut . gullons s mimate LEem—iRe-roesrsolr belag-wecds
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At Hereford several aores eof mha%.“n watered by a small gaseline engim
end eentrifupgal pusp. This was installed over a drilled well in shich e Ftesian
water reee to within 10 feet of the surfece. The drawlewn when pumping g; only
a !behot and probably an equally large supply could be odteimed at 'nly a 1ittle
greater pumping 1ift from the uppermest ground water.

In the bott m land on the wet side of the river mear Falirbank adout 20 aores
of vegetables was under irrigation in 1954 in part with water pumped from a shallow
welle To the wat neas Uampstons in the valley of the Babooomeri river Mr.Al

[t

‘l‘uﬂm;’ irrigated a few acres of garden with a small! ezt engim auxiliery to

windmill power. In the wider part of the inmer velley in the St.Devid.Pemsreme

. B

dlo_vlot no pumping plants for irrigation were observed in 193A. A few miles

dowmstrean on the west border of;;m:-\l;no dietriect a small gasoline engime

and pump were used 4o water about 5 acres of corn and maise, the pumpings lift

boing about 50 -feet from e well dug mear the shanmel of )¢ Ash Creek.

On the east side of the San Pedro River about 2 lles above Acwmeth a pumping plant
25 3-4;&:’,—\

soneisting of .heree powr Falrbazke.lores gueoline engime niAnmnhpl pump

were installed abuwat—4980" and used for several years to pump wmater fr m a drilled

woll of small artesian flow. The cost of pumping was found to be 0xeeseivd, hemsver
/

a® sompared with the uee of diteh water frem the river.

LA e e 8 sk Sl

st
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The follcwing discussion of wells and pumping equipament for

irrigation 19 based chiefly on studles and observations of
irrigation practice in other parts of Ariszsona which have conditions
similar to the San Pedrv Valley,and on which several papers have

been published. A -
fai llae. 7 ;011 engines for pump irrigation,and the
cosi of pumping;Univ.Ariz.Agr.Exp.Sta,Bulli, 74,
./ price uality
iThe supply, the fiKXYfy,and the PPIfS
of fuel oils for pump irrigation;Univ.Ariz. Agr.Bxp.3ta.Bull.93,
Smith,G.E.P,,¥otor driven irrigation pumping plants and the elec-
trical distriet;Univ.Ariz.Agr.BExp.Sta.Bull, 99,1924 : Use and wasie
of irrigation -ator;Unlv.Arlz.Asr.Exp.Bts.nnll.101,1935.

The following statements are taken from the Bulletin by Professor

Smith on irrigation pumping plants: , s
Univ.Ariz.Agr.Sta.Bull,92,pp.86-119%,
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Dug wells are the most common.For domestic supplies they are
simple and cheap,but for irrigation supplies requiring large yields,
their use 1s restricted to localities vwhers the water table 1is at
shallow depths and excellent gravels exist just below the water
table,Exanples of these conditions are found in the Rillito and
S8anta Cruz valleys,Well digzing 1s easy above the water table only,
The best method of extending a dug well to a considerable depth below
the water level 13 by means of a heavy reinforced-conerete caisson
curb,built between forms,and sunk by excavating within it and
undermining 1t.The curb should be thick and heavy,with smooth
exterior,.7t should have a beveled cutting edge,and in most instances
it 1s desirable that the cutting edge be shod with an angle-iron
shoo.doentrltugal puap,installed in or over the well,is used to keep
the water level down 30 that workmen can excavate in the bottom,and
care is exercised to koep the curb in a vertical pcasition as it
settlea downward. . « .« A cannlnstlon dug and drlllod well permius
of placing a dlroct-connectod horizontal centrifugal pump and motor
close to the water table,while at the same time the water supply can
he drawn from deep strata.In this case the dug well should be excave-
ated first.Jt should be circular,with a conorete curb.Eight or ten
feet in depth should be excavated and curbed,then another similar
sestion,and 30 on to the water level, . . .

Jt 15 highly desirable toc install some sort of a punp and make a
real puaping test of a well,before purchasing a pump and motor for
permanent installation.?or the puirrose of the test,the puap need not
be efficient nor cf the size desired.The test consists in deteraining
‘the yield of ths well in gallons per minute and the corresponding
downdraw of the water level after several hours punplang.The yleld 1»
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proportional to the drawdown,provided the water-bearing strata are
not uncovered by the drawdown,Thus,if the teat shows a yleld ‘af 800
gallons a minute with 10 feet of drawdown,the well will yleld approx-
imately 1200 gallcons a nimute with 20 feet of drawdown, . . .

The attainmént of high efficlencies in the operation of centrif-
ugal and vertiscal turbine pumps depends upon whether the punps are
operated under the conditions for which they are designed,that is,
with the proper dlacharqullrt.Tho discharge 1is of greater importancg
but thg proper discharge of a centrifugal pump varies scmewhat with
She 1ift.Jf a punpr 1s speeded s0 that it dellvers more or less water
than that for which it is designed,the efficiency will be lower,
oftertimes much lower,than that named in the guarantee,The proper
speed for z glven setl of conditions should be obtained from the
manufacturers. . . .

The lack of symmetry of many pumping plants now in use 13 s0 great
that 1t would be real economy to re-design them and amake the necessary
changes.The nost common misfit is a large underspeeded pump operating
at low efficlency.Sometimes the puanp 1s set t00 high,or 1s set on
insesure foundations which permit of much vibration.Belts are often
subjected to the weather,and in too many case the shole plant 13
ocut-of-doors.Frequently piping is tco small;sometimes it teralnates
several feet above the ground,creating an unnecessary iift, . . In
some cases motors or engines are t00 large.A purchaser should obtain
the best advice available to him and should have his detailed pians
thoroughly matured before placing an order for a puepling plint, . . «

Of the various types of pumps,the centrifugal pump has been most
used for irrigation pumping.Centrifugal pumps are adapted to large
heads of water,they cost the least and are subject to the fewest

e Ol i s T b e e A
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troudbles and interrupticns to service.Jf the bearings are lubricated
properly and the water is free from stickc and agrit,thsy last almost
indefinitely,

Centrifugal pumps are built either with a short horizontal shaft or
with a long vertiocal shaft reaching to the ground surface,These two
kirds are reoocgnized as two distinct types,though the sction of the
rotating impeller is the same in both cases, . . .

The punp should be set as close {0 the water level as possible,so as
to reduce the suction lift,The possible suction 1ift depends uvon the
atmospheric pressure,rxhich decreases as the altitude increases,The
Practical suctlon 1lift fCr altitudes less than 4000 feet 13 limited to
from 17 to 24 feet,though one plant,in Pima County,was found to be
operating with 28 feet of suction lift.High suction lifts require
especially well made pipe joints and tight gland packing.Tests of the
punping plant in the East well on the University Campus zhowed a sharp
decrease 1n discharge and in efficiency when the suction 1lift exceeded
23 feet,though a searching investigation did not reveal any air leak,
Jf,when a new well 13 tested,the suction 1lift 13 found to exceed 17
feet,and if 1t 1s desired to use a horizoantal centrifugal pump,then it
is advisable to try to develop the well to a better ylelding capacity...

Horizontal centrifugal punps are the freest from troubles;there is
practically rnothing tc get out of order.They have the highest ef’ici-
encles,they are adapted to direct-connection with electric motors and
they cost much less than vertical pumps.Their disadvantages are that
they must be primed,and,in case the water table fluctuates widely
either from natural causes or due to pumping,it may fall below the
limit of suction, . . .

Vertisal ceutrlruané;punpn,nlth long vertical shafts held in cross-
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braced frames,were nuch used a few years ago,but have glven way to
vertical turbine punps . ., .

Vertical turblne piups have been highly developed during the past
decade,and are well adapted to irrigation pumping.Striestly speaking,
they are vertical centrifugal pumps,but they are built with the
vertical shaft enclosed within the dlscharge pipe 30 that they can W_
be lowered into wells drilled from the ground surface,and they are
bullt aith such high mechandéal perfection,at least by a few
manufacturers,that they stand in a class oy themselves,

The dlstinotion between a turbine pump and other centrifugal pumps
13 that the turbine has,in addition to the rotating vancs,scientifi-
cally @esigned fixed vanes.The water issues from the impeller with
very hlgh veloclity,and the fixed vanes ald la the conversion of the
high velocity into pressure wmithout excessive iosses in eddles and
shock,.Horizontal turbline pumps are obtainable also,but few of them
are found in irrigation service, . . .

Saall single-acting reciprocating,or plunger,pusps are common,
being in use with windmills gyd or gasoline engines at thousands of
house wells in Arizona.Plunger puaps of large capacity are impractical,
because of the slow speed.Foriy strokes per minute areabout the limit
for low lift,and 30 strokes per minude for 1lifts of 80 to 90 feet.At
30 strokes,abcut fifty gallons per minute can be obtained from a
6-inch cylinder with a single-acting pump,that is,with a sibhgle piston
and one line of pump rods,Such purps can be used,in ccnjunetion with
small,low,earth reservoirs,for the irrigation af hoae gardens,

The stroke of a plunger pump,for irrigation,should be about twice
the dlameter of the cylinderfor 1lifts up to 60 feet,and the ratio shoul«
inorease as the 1ift mma;ol.rho oylinder should be of brass or brass

e -
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lined,The dlscharse PU¥ pipe should be a trifls Iarger than the
cylinder, Hard-wcod punp rods are preferable to pipe rods,and the
rod caurlings should be heavy forged straps wilth copper rivets,
with threaded joints.At each joint there are a pin .m:i’ooxot. with
a square shoulder on each.Jn putting the rods together,they are
screwed up until the shoulders butt tightly. ———r

ST
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NOM.ARTESIAN GROUNB.WATFR CONDITIOR:
Grgenl Baber-

The walley of San P ofro River, as & whole, ometftules & ludg marrow
teugh, ¥hose sides elope fatrily wnifewmly So \he river chamnsl, Thevs is
emparatively little flal willcy land, the widest aver of cneh clnrester
bedmz in the viciaity of Dexava, near the middlo couwes of the wallay. Thewe

far shout 3 miles cowth -mi 10 sfles cmum?“
Lrerfivd by SLpfa 20 7o b0 ook gl
%o an fuser valley, 2 to 4 ailes in wiéth. s Wis aves thers has Doen the

restest devolorment snd use of oth the surfaos end the gremsd-wmter saprly.
In the ssuthern pert of the Wlley, in the visinily of P sleufmns, thave i

o mmller ares, share censideveble irrigatied 1o dsne frem flosing sells.
Serthousd frem Demnson sml]l arens are irvigated VW ditches fyem the river, ¥=t
the grousd mater hauy bsen developsd ealy fur dsmsstic and ostile-mmteriag
supplies. Alemg the trough of the walley, @ter Lo oliained in snet pluges
in shellew wells at o fur fest above the viver level. On V. higher slepss
ground water esniitions wary grestly fvem plase to plags ascepiiac te She

Although the lonlapd seme aleng Saa P ofFo River ie Jov most of i%s
lenghh quite marrow, as shomn ty the 13mits of the immer vally, os e
Mﬁ(w“u.“um“—nmw
emres. Wash of he sstilamesd, eepecially is the welley Serth of Bemsem,
te slemg this allsvial bamds sed weier is DMLy eduincd fres dug vells,
wwed of whiek ars emipoud vith pmmps onl vindeills, @a the wyper slopes _
smior 05 chiained aleng uesy of the wedesy bt the depidk Waries grestly
*uu*nummu—m’-

i
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el
omeel, goust veler 15 found amurly st She botten of the Aeses usberfals,

fate shiech the Saln mater, oirenlating devmmerd, esllovte shars held v l
o nonrly hepervisns edwesk,
Sates-tn Terstary dpestie

The greater Jart of the lower slogee of B Peise Valley s wnderlatd
' Gopectte of guwsl, met cad clg, Jaid com in Sately Witesn Dol et
wers fumned 0 & lehe Which euve sompied the walley dwving & port of Tertiasy
Sine, -She-wiunt-of -theos deapieiie- Lo dwes-wv-iiry-Bepeie-sleghe-wap,
Pl _s-eotere SHNFIRE-WAEL.  TiWMa theos Dedded depeeite ater 1o
Mtatusi 1n sme plases e We agper dlapes ot relattvely duller devtts, whare
prvined Tuler iables Meve bew femmed U Spervicns bude thith men e
@wad mier fren siaking e grester dapths. In other plasve vall have bew
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Tertiary volocanie roeke

On the northeast side of the valley the @)X,/ Galiuro and
Winchester Mountains are composed almost entirely of lavas,chiefly
of basalt,fyd rhyolite,and tuffs of Tertiary age, These rocks store
considerable rain water which feeds numerous small perennial springs,
but the mountains are not high enough to receive much snow to supply
springa of notable size, In some of the ravines along the lower
siopes of the mountains,dug wells obtain water at shallow depths,
but this water is found ghYsf in the wash material and there 1s
little supply from the upper portion of the lava bed rock. In the
other mountalns that border the San Pedro Valley,Tertiary lavas are
not extensive enough to be of importance as reservoirs for ground

water,
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Plate 12. A. San Pedro Valley about # 3 miles north of Mammoth, looking west,
showing bottom land and broad, sandy wash;

B. Pliocene lake beds overlain by conglomerate at mouth of Kilberg Canyon.
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wlle: above the smadl, endor the straan perenaial to 18s Jusatien =4th Hot
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enly het envlings in Sna Pefre Walley. The wvater ls-uee from severs] spyrings,
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don the stram, ot ¢ Capesetere of 30 1N s caly mmdemubely misasalised
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buihdng. Mnuhmmmmunms;m
uesd for tathing. The Sherm:l wiere rTeldedly fe:us alemc » (“miS, whith
traverces thic vplond ades. The coly other thesuml sprfag in the region is
s @all ome sbout 2 wiles north of Avewnign. T™his epring clee sewme So bs
Arzeloeyr

alossly asseciated with fanlting . It f2 of wmll flew, used for enttle~

= tering. Asmmmdhmmwdlu“‘

J
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“uw.wmmu-mmm The meterials
penstreted verc beoken volesaic sook teo o Geplh of 50 feel, dry dandstome
foeh feX

u:&mmmuqaummuaw”’
%o @iebotten of Whe bile. The water stood ot the depth ot which it we
struck, net veing wiier sny aricslan preswre. The Astelepe well of the same
cameny 2ea? tha haed of Koloey Campun, ¢ miles south of tho b oo suath, w:
érilled %0 575 fool, tn onier to Gbialn o ectisfosiony supoly of mier, whic.
oboed =t about 475 feel. This well penstzated elay and gmwal %9 1:D feel,
“ﬂ‘d“b“““ﬂmﬂfﬂ“u“

:g‘.m&.ﬁ.uﬂhu/d“-n"dhﬂu. I8 10 ot

the corner of for sactures, add suprlics th o vith mnter for remge cattle.



Plate 13. A. Upper Paige Canyon in Happy Valley, looking upstrear;

B, Bluffs of sandy clay bordering the inner valley east of Benson.
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A% the Croes X veash, 4 miles ssuth of the Antsleps feil, drilifag wac
earried to 280 feet, befere waler was stresk, ancdditisaal 40 feol Delng
drilled §o avewrs a capply. In the lower pert cas of the washes, woter s at
chellover depiho, bewawer. At the V ¥ ramsh, fin the middile course of Kel:roey
Cengea, Goliewsced Siurimgs fursieh an saple supply for the remsh wee.

mumuuqmm-n-nmmwm«

A
d 4

wusummamnnwmnmm
frem Moosal, up Ash Creek mearly to i%s hesdwaters, and themse dows the
dseinnge of Poige Conyen. In this moumt.in sres Where were sdeut § settlers
in 1336, all of shen depended o spriage for water suppiies. Some heve Sesn
doveloped fism meve soope inte flows of 2 or 3 gallens per minmute by Mlasting
umummn;am Sewewnl sprisgs have beam
mmwut“i”iﬁawnummumm
samgs, All thess emall epringe yicld wmter of geed s litr, but ave of very
anited supsiy. During perieds 0 pelenged Grenght Shay are 1isdle be fatl,

Tres Alamns distrighi-—PlA Tres Alamos wes on the eael oide of the fap

Mwh“d”“mo“mam.
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considerable aren $0 The sorthesst, Cultivation o2 the st side of the piver

heo boon nenrly sbantsasd, follosing the despening of the piver chanzel by
Mhlﬁ;/fffummmummaum
lemig oa the west «ife of the valley, sloug lover Ash Cresk sad 1t rfduterics.
h“«m“wmm-a&maocuhd:f“
ta listtec amownte, Irrigstion of mmll gardens 1 scsmslichal hesover by
winiatlle saf wmll pesping plents. n.nn-nquuuu”i’ii&“
snd enly absut 200 acres in the distriet is eultivated. Aleng the middle perttas
of Ash Qroek, vhere 1% Tesches the Base of She mountains and Surme costwnad Se
o river, thers arc several dug vells enly 30 t0 €0 foet to moter. Papther wp -
stream, where it is confiined in o marrew course is the feothills, iAsh Cresk is
pevemnisl for the dietanse of o mils, Shough the dmp-seneen €lov §s herdly mewe
When & seepe Aleng the river valley domaciresn frem Tres Alames Shere are wide
alluvicl flats covercd with messuite. Y f.)h.u.u.-hwiﬂo
agonn

ito Bouse, thess bunch lands have becs elaured snd bronght usder irvigatien
oo hay lande. About 3} wilee deiow the Wite Bamse the valley is constrioted 4y
unumulmum-u‘dw“ 7o suibiliN0s .

serecosmint 2 Gmber—of yETEEgN | @00 food Migh weuld fuls & reservetr
nsarly € miles-loag with an average witih of nearly 1 miie,
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A@eve-$4. David distrigd--The largest ares of irrigited laad is Sea

Potve Valley entenis shout 3 ailes nerth of Denssn scuthmasd to that Sow
(of about 1,000 ropalation in 1934), and abeut 6 miles farther upstream,
tacluding the ares around 5t. David, & settlement of sdeut 400 populaSien.
S ey o e hunchis T o o I3 i g
uiles, ss shown ‘or e mmp. M. )Aw.umw-m-w
of this imner wmiley, floving arteslia mier say be oWained at severnl
herisens in She underiying sands sad grrvels, at depths of sdout 360 te 900
fesl. Seme irrigation has been earried ea fyem these wells, tut mearly all
are of mall flow, and have boen usel chiefly for demestio and garden supplies.
The well of largest flov wus drilled ) mile south of S8, David by Nerrild
Brothers to o depth of 1,200 feot i an effert %o gob » mpply lavge emsugh
for Lrrigation, o dischsrge of G0 gallens por misste bolag ebiatned.
Facific Railvend has drilled 10 wells, 00 to
f-’:?uh- water-butag found at adeut 500 feet.
uum-m.m
xqcc-d.llo.swma‘-uhumm

stl...w-

Thicksess Depi b
(fent) {feei)

Clay 0 40
e cleay 20 60
] y 26 &
Send end grovsl ; 1y
- 300

2 (s3%eelun water) 200 900
7] 710

5848F elay ") 794
“Lingstens” [ 44 802
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fs now 14¢tle or mo evidenss of the buried fHfermerghamnels. The ground.mater

table varice fren about the level of the adjeocent rFiver ded to ssversl feel
higher aleag the uprer Lewders of the lowland.The evernge deplh to waler is
fven 10 %o 30 fool manyr the Fiver, amd 50 te 70 feet clong the wprer dorder

d /

of She isner villey. Seuihwesbuasd from Bensen the slopes rFise mapldly to

hetotene lcumains. Nost of this wpper lanc is covered VW o Shin layew of
1

Ao ALt At The

cutmch gravel, but in-sindfy the Tertiasy sedinets ave pell ameefe The -

upper valley lands are duvoled cluost eatirely to grasing, n» cultiwmtion
being sttenjted beyond smll garden tracts. 4doub-8-miles-ssuth-of-Pensen
o.m.-c.up-«ﬁ--—hl-.n--mrhqmmm
uesd for esttle matoring. A pipe condusts the wmater frem o resk-salled dasin
shich suppliss wter to the Svsnghe. The water femee ot the lower side of
a8 Gilek cuartsile bed, jrodably the Bele: cumrtmite, shish overlies graamile,
<9 deseribed .m‘!&M(( Iy /{}j ban hi 4 ).

S TR R

of Davien, B, B, Culdcbock of tas soslern United States, Pust T,
ALY 523

B R

1g. 7, Shetch sectics acress the mutarest end of the Thetetens
Heuntaing (efter Divien). e —
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At the Pomerene school,on the east side of the valley north of
Benson,water was struck which rose within 16 feet of the surface,
but an artesian flow was not obtained, Fleld irrigation has been
carried on chiefly from a canal taking water from the river,but

some land is irrigzgated from flowing wells,
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About 3 miles southwest of McGrew Spring there are other small
springs in the upper prart of French Joe Canyon which furnieh
perennial water asupplies. Below the springs a series of about
on
30 small rock tanks in the schist of the Fgyis bed ssrve as

storage for much of the spring water,
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Ss the wper slopes of the morth envi of the meumtatns, sudy sprisgs or shallow

@ng sells in (he grevel of smvines furwich smsll sugplies, Wt thoss are w0

degendsat on the sedodmal misn ool wnesfell oo the higher clapes os o bo wire-

liabie satlcr mgpliess Yhay lave saved W oeuls & preagedtiva, hescver, e _.
uﬁﬂ(ﬁ“(li‘ {2 ,( '
mwm-mmmwmumw
o ZadeMa j‘“’(/ﬂ.h{"""‘

the greatte. Sovemsl welfs drilic: i the Shick gravel curth of the vasbetne

Weve obtetned fulr cmplios et st consldwrubls dopths. dmr the mouwstains
Lot

wler bos Dosn Duad st X0 %o IV e, shich probeily is slmost e dapth te

bedrook in e sevorul wmalla.

e Hunt vell in o0, 26, 2. 17 S, B 19 &, pewetruted cend snd gravel
to 236 fesl, Wen shite, joiatal resk (quartsite) 80 290 Zues, weler belug
cbrughk ot 218 fea%. Vellow clay aad fino ssad (predadly shnle) sus then
praotrated, te the bottem ot 200 fest, AlShough ths water wes reported %o
h““hMm*hWMh
ground-zober lgval mas [rolmbly readhied iz the loewd gurt of the gravely

further sevth, elibowi deva the sleje, the dujAb to wuber lsere.es
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feivere and thers 10 118tle comirihateny spply to the grewsd seter. Wer She
Bigheny obout 8 miles west of BDenstny and pFectieelly or the dmimege divide,

.mmwuxuomxuuw?uuq-ux.wotut. &m’]l chows
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of of) m..mw.u.:;m-ux.mr-u.mhmu
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Groand wster was cenghed at 33 MﬂmW.ﬁcu Lomer hericone

ia the mad sad grevel depositze ™o fellowing log of the well §3 prescuted

threough the courtesy of &r. :dger Celgliasier of Tuscens
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Iz 1964 e vell wmas wanesl, theugh the casing Ind not Deca ranoved and the well

e in deatition to eynlp with pusp. Absut 1§ miles enet of the ofl Sest the
wier stoed ot 330 fest in o eattlo-matering woll. About hulf 2 aile to the
wast % wmo ot 300 foss, jhlﬂlllﬂWhm-lb
eattle mpplics. mm‘mam-mmuumguth
et 1t sloped %o the east about 200 feet in he 2 miles. Hertheurd to the
saddle of She divide ¢t Hessal Failvesd cdaticn, the gremmd-satar teble slopes
sbout parallel with the gresnd suiface at 100 feot So the mile.

Teng Csnf@ii-~ Texes Culgon is one of the largest tribularien to the
wslley neer Beasem. Is i8¢ lower courwme it is desply trvashed iz the alluvisl
_f;bmu.uummm-umummaum
Dregson Mermtains, shish sre of csarse-grained granite thet hes westhered into
great bouldews ami faviustie forms. The marrov s:ndy chamasl threegh the
gmaite of the upper part of the fampun fomms o mstuml resuir for the
yenpff from the higher slgpes, and aleag Mumter 1o obtstmed ¢ dept: > of
euly o fou fosk, Henr She mouth of the cungen Duoi/Aams Mns 1twed for

sy years, ampls suppliss of water for denestis a2d eatile seds belag

tatued at adout 15 fool fa the gravel wazh. Fven ia the &y ectasn the
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wall
chomnsl is peremninl far shert strotches shere the umderflow is Weaght te

e curfuce iy beifwek. Ose ewil spring nesr Tems Coagos sehool hos been
protected by csnaut curding and wmpplies esveral geerllff families, The Trisngle
? fmost vonsh bes obtaimed weler ut shuliew depths in s emll wash mesr the
mais ssayon, bat the sapply is limited sad i prelemged dreniats has beseme
ow, Adhu&;‘ﬂmlﬁm-m-uccnahtmuu 1188le
velley shich s evidently unierlain by Dedrock at a dhallew depth, Abeut §
miles S0 the north, near Johasen, on old cepper camp, wat~r is edlaiansd frem
mumuuwmz./;mh‘-uduum--
dry to 300 feet. Just in the sadile of the dveinage divide separuting the
San Pedre Valley fres Sulphur Spriag Valley teo the east, wuter scamlly

stamis &0 about 15 feel in a (Juspest shaft otnk ia badresk. Thense casteasd

t» Sulphur Speing Vallay the overlying gravel rupidly thicheas. About helf &
/ '2¢ /ot AL

aflo esot of the divide & -axlum ta 2956 had not pot fasad wter .
at 150 feels Amother ecmample of the greal wuriatica in gremnd-water level,
@80 to thi Whickmes: of the gravel and lake-bed doposite, 1o pressated by the
euagon 3 miles wost of Pemns Compwn, Which the reseh of S, K. Oetowiller is

eiteated. The min micr supply is odlained frem o opring wiieh iownse
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e A
from the bedrock 2 miles up the cenyon. At the ranch a well was drilled 215 feet
and yielde only a small supply from watsr-bearing gravel struck at 211 feet,
probably at near the base of the sedimentary deposite, Westward down this canyon

/ \ !

and others parallel to it, dry %of partly consolidated gravel and sand are
exposed in cliffs fully 100 feet high. There are no seeps or springs of water
at their bases, even during wet weather; for the base of the deposits is far
deeper than the ravines have cut.

On the east side of the valley the bluffs rise eo abruptdy that the railroad
winds to gain distance and reduce the grade, until the upper slope is reached
near Ochoa siding. The railroad crosses the wash of Texas Canycn three times in
this climb, and pseses through several deep cute in the lake sediments and over-

,/4/1’1‘} ot 2
lying gravels. Noar the summit et Dragoon & well drilled by the railroad pene~
trated sand and gravel to 185 feet and solid rock to 214 feet without obtaining
water. About thrésquarters of a mile farther enst another test went through
W7t
sand anl cemented gravel to 420 feet, 80lid rock to 278 feet, and brokem rock

to 504 fes*., Water of rather poor quality for locomotife use was obtained in

the last 100 feet of the hole, which withsetood a pumping test of 6,000 gallons
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e Ve
e houre Abou. 8§ miles farther enst, down the elope townnrde Sulphur Spring
Velley, the vailvead drilled snether welly to 780 feol, wnler being struck at
mmﬁ,mu-u.“/.mmm--m Ia farther sesrch
“nmmnwwm.w&/&cm:dh
the mch 3} miles seuthwest of Dumgsen. Muu’n---mn
28 feet, and the mmll smount of water obtaimed i: the overiying disistegmted
rook 414 not give n satisfuctery euppiy. A well drilled asar the wash peme-
trated gravel and diglutegrated ook ta 90 feot sad grunite to 362 fest,
Tater sas struck at 216 feet but of teo emal: yield to Do of valus for lossmotive
supsly. Tarther dowa the slope a goed well wms drilled near Agl, the
prinsipel water-bearisg gravel bedng otrusk =t 800 feet, and drilling cemtimmed

/1 9
te 1,000 feste )

Here msst vosthound frefght traine take mtor, ard thas aveid Whe step
a% Sensen ot the Degimning of the olimd westward cut of the valley. Idkewige
moet enstdeund | As Sake wnler at Demsom, U8 avedd storving on the upgrade
for mio” of Bilyl. The log of the well mesr SPipl.shows that the gravele and

lake beds were penslrated tho cutire deplh of the well, shish nlepped in shele

&t o-depih-of 15200 Cuaut; oy about 0D feol Dolew She lawel of the wlley neas



Plate 1k, A. Dragcon Mountains near the Bar O ranch, showing conditicns faverable
for small springs and shallow g round water;
B. Dragccen Mountairne, neer the Horse ranch, at west side of Ccchise

Stronghold, Bhowing conditions favorable for groundwater in the

dry wash.
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Senstn. The mter-beuring herisen Shorefore sesns to be abeuy *2nt of tho deds

which yleld flowing artesisn mnter ia the wolley.
fOA4 oz oo %\Mp”‘;ﬁ N

Fourr:
ghief water supply 1o fram wxsll eprimge. At the Four Maceh, 6 miles seuth of

Brageos, muter is piped frem o spring is the neighbering muvine. The wmter fseues
fren & bed of crystaliine limesteas, shich eresses the revine and syperently acts
se & ubsurface don to collect the m=zll wderflow. In the next large savime o
the sonth tso springs have besn develsped Wy amll eaxsovetions iz schiste. The
uprer spring is piped to eattle-mstaring trenghs, and the lower wmo developed in
1934 for domestie suyply of a hemestenier. nmm/ﬁuhqumm
water frem o depth of 65 fool ia Shé gravel at the mouth of o large eangen vhich
leads dack iute the mountetss in the aves of guuitic cliffs ond boulders mown
Al Aos Plate 10, 4

s9 Cochise Strengheld {Fs—=Y, I wne-hove Gant & bend of Agachos wnder
wmm-m“-’u~“u€i;-¢-mss
Bowend, fimslly swremderisg in W72, fter u senfardhoe Detuoen the tum leaders.
uumum“-mjnumuzonnmuwm

mdk from the gaaitis slepes. nmmnusu.-ua-m/
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newe Slavin Onloh lenves the mountains it cressss grsnite dedreck in o cen-
stristed natch whers the waterflew appesys as o emsll spring. This is sithia
Coarw s
the Colesady Eutionnl Parest, and hap bemm Larvoved bWy o congrete mall and
desigmnded o pudlic water supply. About 3 miles to the ssuthenst the mter
fres tue sperings in & reentrant of the msutains iz piped to the Eseapule Rengh
for domsetic and exttle mpply. In the gravel of the ravine i%self & emsll
mpply bec Deca developed in s dug well, the underilow being found ot about
4 fesl.
lesbstene dimstrighe-ilon; lhe southern portios of tho DEmgoon Meuntsime,
fnte distriot tributary to Tembsleme, there are seversl sanchwe dopsndemt feor
-ww-w.bm In severcl ruvines dug wells fiad
-wnuun-wco-”“u-wwm.-nuhum-.
end is prelenged dpy periodthe wells may fail, At the Bar O enttle xaf guash
sasngh & well drilled 60 faot dsep through the gruvel cutwnsh iste selid bedvosk
iF Ay Aoas of Ao e aning as odin s Phote 14,8
m.wmc-u;’. In dry seasane, hovever, this SedPook supply

alee gots lew. Un lower slepes to the west 2 well drilled for eutile suyply

wme earrisd 90 400 foel, to cowwe Wmter, dut enly mull cdditiaml smounbe
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2 ‘uhisfflin made his discovery 2f silver eve in Pcbrungy 1978, the =ala

_/Q/L‘ve‘- 4:44
etoike mo io-the—q@ing of the felleving yesr with the first big taflex of

. /ﬁnmu“uﬁ.um

lvag, 'a«;uac.(l
ms obbained frem shallew welle. The pressat town of Tosbslane

§ Ao
hM.’h“ﬂ.!“M“\W;dﬁﬂh“ﬁ
30 feot fu dfameter vere dug et Wtervale to supply tho mew towa's aeede. One
of thess large wells bas csntimned is wse for losel wmber sugply. Whea e

smonnt netded fur the sepidly gieviag town boammo greater thaan ™egs challew

wells conld oupply, ¢ ¢-ingh pipeline wa: laid fren Syyemsee Spyring. 7§ miles
/5,000 .
$e the nemid, ond o gravity fiew of aboud 1,560 gallens per day was obtained,.

TI2T: I NRY)

Ao, 2003 :
Thie.apt ‘ug icwuse wnaPe a wfﬂ.-@hmuhm
This saprly scen bessme fmadeguse for (he nseds of the guuwing teua, ond =

AT 0 Puseimen Wber Conpmay s cogasisal, apf lid a lizs fres epeinge ia
29
u*-—-ﬁpmumm Taie Jimo of S-Snch weonght

52
fsan pige wns o8il! in wee in 1994, end during 130.50 yeare of serviee had
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ceneed very 1itils trsudle fye- corweaien, Vhe dvy end liay chessoler of the

eotl S which the pipe ome laid, and the low cemtont of diussived colids &
fhe water tramsperted have evidestly bem favereble S0 the lesg life of the
whpsy

Is the vistai; of Tembetens vells dave becn dug or ériiled slong soverul
of the gulehes aad have foumd very differen$ wier conditiens in different lo-
@litien. In o fow plages shere the delresk is cenpsed snd the gravel of the
strean chamnsl 1o Shick encugh %0 sorve as & SheDags Feservelr farren-off
wmtery, smil spplics ave cbiafued ob dapihs of 6 8o 30 fost. In places wheve
‘there 1) fractured reck) ampesel mesr the stres wsehes, weils or prespest chafis
Bave emgoumtered emall weter eupplies at chullev depthc. In ather losalitios
the dopth to meter is umsspestedly grest. Bedide We higray 7 wiles nerthwest
of Tanbotons o @attle v=1! fopnd PApel w.iur at 300 feste Tais 18 on the alepes
of thisk gravel snd loks balle high above the tmer wiley, and 1o & good emsmple
of the greal deptd te water in these upper sloyes. Adout 3 miles merth of
fenbotene anoilior vell cbtaisad enly o smll supply ot D40 feet, oa the edge of
& 5i8s wmah, althongh & 4 ewmiir we I2 %he vislaily sater was stonek ct 75

fest, this greal wariaties i mater lovel greladiy is dus %o the thickness-of
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unconsolidated deposits coverlying bed rock,water being found near
the base of the gravel fill,
Southwest of town the Tombstone Hills are pitted with
scores of prospect shafts,nearly all of which are dry. On the

lower slopes,toward Charleaton,nhovever,a few shafts show the
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depth to 'mier, dﬁ({. ‘fﬁ“u«-—e‘ﬁ:@mm
avessting 00 Joml aesitionst” fas of the dacgest of Shens Souters Jupartte
S the 0id inaile Mus, 1n whose arsadensd ehafe, 513 feet desp, wter stoed
at abmt 400 feool in Podrunpy, 1984. amunmuu«m..‘m.
aleng a smll drew, water stood ot such discerdant deplhs in other shafts that
nm-!hmmh&hm-lwi A slort distanse east of the
0l4 andle shaft there wus ohe seegage in the sa:h, and wmbter steed at 30 fest
is a well mear m.u..mmnnmwmﬂm.nam
enginser and pFospecler, whe wa:s killed 4y Apashes 20 years before the cisscovery
of silver in the distriet Wy M Suhiefflin. This cuida figwed &n the early
histery of Tembstoss, servixg succeseively as stero, salect and residsnce; amd
the mge of fts erigianl owmner, though distevied in apeliing and yrensumscistioca

e porpetunted by the laler ainers im Breace Spring, iremde Wime, sad ireuse
4 I T .
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te s pipe lime, the total dzy-sensen dissharge bulng sbout / /0 galleme
gor nimte. On the hllside 300 foet abovs kr, Tomblinson's hamnetend, s

sm]ll spring has been developed and the mater has been piped to the house.
!,-‘&.A(Vf'-’\
Tarther down the revise the underflow appears at Clarksm Spring and furaishes

the supply at the Breksa Arrow guest raseh. Marly ia 1934 the amount awsilable

A e

numm«-—-mmmmmmum;e
mimte. The repidity wita which the underflev sinks : "ter leaving the mountains
is strikingly shown near here; uu-mmummnmn‘.'

mbear .uaanmrm.mxuhmmdw-.mud. Zhe

w2 o0

/' T o a* 2 Ll 4§ ‘
T A
-wmhmtd in wells along the read frem Millor Camgon to Herefeord, amd

bigre 1 § 5 T s s wass ] “Ar,
ite rolation to the grounl mrfage, is showa in Figv_—_ . o the muwdh of .

S

Hiller Cangom & aprizg in lower Humter Canyon hae bosn improved and the mater
piped to cattle troughs on the upper bordes of the cutwash slepes. Boguillas
Spring, nser the amcuth of Stuxy Cangoh, has leong been developyd %33 the nse
of the asighdcring meach house, n‘j&-,;&dhmﬂnﬁmm
trenihe forther down the slove. In 1684 it waes slee the ssenly figr the Ash ;
\ . i

Casp -_("M,%W’i‘o’ﬂﬂ B
Camyen/of the Oiviliae Gonstruftive Jovps. The yleld of the spring wes fully x ~
f N
E(\
;t
S {

-

20 gllens per mimute. OSher but smller springsdia Ash Onsgon and in the £
Y3
X
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The name 18 spelled Bronkow Hill on the General Land Office

plat of T.2.1 S.,R.”1 E,,apnroved by the Surveyor-General ;?457:

T 1202,
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A 4
a bread divide separated the ahpf' tridutary to the dn-/fu- these shich

mumuummh‘/hnq. fhis bread éivids eres is decply covered
vith disintegrated cubus<h mulerinls, ilang Covermment Drew o mulber of wolls

have boen drilled to odiain cattle mater. Severnl were adandemsd at 200 fest

126~
or despar withmt reaching waier; others have adtained amll sapplier at 3188

TAs WA
foet to o maximua @f 550 feet. The twe westermgest welle n-mm&
A 175 amd 2157
pesture foumnd wmter a littie-below 100 footl und have galleries at tTha dottams
30 v 40 2ol ";»3 . sq/

S0 inmcres:e the supply, On the enst sido of tho divide the overturdea of icose

s

materials ie thimmer, and sasll sapplier of water .re obtalned at lese than
50 feet. Antelope Spring, «bout 2 miles crot of the divide, bac been ¢ wtering
place simee the sarliest ssttlesant of the veglen, cod hes deen She soeme of .
govor:l encounters betwean conflicting estil~ intereste. Near the lower course
of Covermment Dll!/ﬁﬂ‘u. “a Brosse dug = well 235 faet to wateap, threugh the
sltermnte layers of calicha and limsegouenfied gruvel that ferm the dorp dosert

frot o
outmsh. Yater was otruek in red ssaistems, rember of the
Jaks.bed deppaits. Adout 1 milo %o the southwest, the dvilled well of R, L.

.y

i g
Johzsen obinined water at nearly the mme elewetion, ne 18 la w-.u

rd 4 ¢ i AaE L

»though/@ae to the slope Ta: aaly atout 150 fest. Terther svuth, temard 7.
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Hale NHountains, the water Gable is censidernbly shallewer in uwprer Sassten
Lraw, hmmumum-*«mmm
wells sugplied bWy the uaderflew in this mountelis canyol.
mmmauummunwdznm
Valley, and i5 oxy the Mexfows Duvder, the pepulation of the Amsricsa pwiies
010 tmd Ui Aaritam faon albowt [100
befag adout 280, Fart of i%s wster supply is frem individmal wells, the
depth being 90 te 110 feet on the Axericsa =ide of the line. In the Eeniesa
par. of tows, on gentle slepss rising ssuthwesd o high hills, the wells ar.
Tepartet-4n e scacahat deeper. Vear the course of Oreembush Cresk, serth
of towm, the depth to water 1o goueilit chellower, 't only in amsunt sbent
aual te the lewer clevation. Beeside ths creck 1 udle mothwest of Enge thers
§é a large mmping plant which supplies water to the towan of Bishea, ¥ miles
to the north, and ales faraishos the main supply of Nece. This pumpisgsite
wse chosen sfter spwings cod wells near Bisbes had falled %o keep pacs with
mmmaut““muawvznuﬁ?'

dmainie
It ic acvess thefdivids, in s caspen tridutery to Sulphup Sprisg Valley, but

is teo high in the axuutsins €0 remder « wator supplp fyen wells in that



e
Mmanehie
valley casily awsilable. The plaat sa: csastrusted in the late 90%s, aad to

193¢ csusisted of » chaft 168 fect desp with im:ilSemifon tumnels asar ite
dottem drivon 100 feed morth cad 200 fest south, ssvess Whe direstion of
wnderfion. All the maderisl pemetreted wes stresm wodh, greding fute pertially
conselidated grauvel whigh may belomg te the Gila conglenerate femmntion. Ierly

in 1906 the emount jumped was §,000,000 to 10,000,000 gallens per-monthe
j*:‘ ".n‘é T j(o* f‘r',

i ' A

mmlu'Maqﬁmmm"
sdnte contimmnld-fisd. The water lovel whem mot yam;ing stood about 80 feet
belsw the murfase.

¥rem Hsco eactward So the Prosd drainage divide menr Bisbee Junotion the
dopih to water ingresses ot a Pete considersdly loss than the surface rise ia

clematios. The surfuce grediest fres the sutsrwarks to {é Jumactien s 40 feet

&J .

o whlo, m-usump—&wmummnm‘;'m
o dopth S0 wter in 2 wells drilled ot the junotion by the sailresd being
196 fest. On the slope morthmasd frem Nuos, up Souard Don lals, the greunde
mm‘h.-‘m-w-uc-nn-msm.m

A %

2 £ N 15 ¢
drilied, to rise at s osmper-bis gragiesl,
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Aoddibe i
In the 98%s large quantities of mineralised wetor vere cncoumtered §n the

dreper mines, sad extancive pamplag wes undertaksn, Water pumped frem She
Galumet and Arizens mine hag for may years been discharged inde ag earthem
secarveir st & Fate of about 2,400 gallens pav uimate, and themte has deen used
ia irrigeting alfalfa on the Tarren sandhe. The weler hae boen 00 dictributed
ever the marfaec that predadly little, if say, returas to the ground-wster
tableg for ia 1934 mo apivesiadle change in level dad beon notiged dusring

reseat years in She drilled well at the raash, :
1*/-7-L
fest and sorthwest from Naca, She depih to mater ia the few wells rilled
varies aimost direstiy with the elevation of the wells above the walley of
Greenlnsh Gresk, Aleag this drefinnge chamel, which is dpy duding mest of the
-
Jear, welis fiad mter ad n«hmtm. W‘
espestaily b the cutanch slopes rising to the Nule Mountefns, 3 wells hed
been drillea prier to 1934, delng sunk ascazly 400 feet to reach wmter,
A4 A
Meia distrish~ The lasgest tridutary to Ssn Pedre River frem the wost
. /00
§s Bobocsmari River, ia whocs dasin Elgin, o towa of chout S0 people 4z 1834,
ic the priacipel ssltlsmmat. AlChoug: senotines spelled Basbeesmeri, ewd »

Spanieh devivetion atiempled, the mame is Delioved to be of Indicn erigia,
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end %o be derived fyes vords neaning®rock® and "hackberry tres”. In 180 lower
mﬂ“&ﬂmh.mﬁiwﬂ.‘huhm
iz 1ts ailddlo pertion it opans %o foim the 2asee™ -alley incluind in the Eaduwee-
mari sansh, Is this perticn it affesds a esnsilemble ares of lowland, ia gast
irrigated by ditches and in part comsistinc of mstusal mendews ani elemsgns.
Befeve 10:5 this valley wa: the headquarters fer large Mezicen eattle imterests,
mﬁunmwmumnuxhumuw&*
o) iterated Tuiss nosr the present home yesch, Waler s obtaincd slemg She
valley st 30 to 50 fost ia wells, most of which heve boen drilled; snd eguipped
with siadnills to empply esttle troughs. Fer swverzl miles farther v clivean
the trough of the wlley afford’ shalles weter. Soversl wells st Kigin ebtain
smpplies st 10 to 20 feet. On the slopes s ereh cide of the main chemsel, wells
penstrate nsarly to the level of the stream §n epdsr to reabh waber,

The greumi-uster tsble 1n the ares vest and nerth of Xigh» had & flas
erodient; fer S2: limited amoust of water that sreachee (hoe underground eupply
sinks desp iate the cutsnsh and predably is aided in $8s dounsurd course by the

altitude of the bade. The late Tartisry samdotleass and ether luke Ded deposits

bhave been losully faslted snd $1lSed. Geed expasures of these disturbsd beds



Plete 15. A. Looking northwestward up Rain Velley, showing ccnditions of deep
ground water in the valley fill, below cliffs of Martin limestone;
B, Discected pediment nerthwest ofthe Huachuca Mountains, : howing cmditions

fevorable for shallow ground water along the washes.
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a?e S0 Do ssen msur the highmay heidge at Higla, where Wy dlp 40° o 50” %o S

suihuest. A fou ailes %o the morth, nesr the Sary King maneh of L, ¥, Kiems,

mmmmummmmmuw

AN aarA Aaa /‘4 '1 U-, ‘4 A ]

lseally kmown as Eais Velley. 4 fow wells in {ts central portien edtain shellew
tater nesr the streamcghacmel, But mest of ti . wells have Decn drilled to degthe

N

of meve than 150 fest So oblvin supplics. The alhvwimm apparestly dees mot

AN

muuw.mmmmmrmummw—?
tacecus send.tome. mmll:;w(l..'.ﬁl’j'.h‘oop.huwﬁo ;-
m:uaqum.mummmmumua.:§
ved sandeteme to 220 foet ami:blagk sandy shele S0 310 feely, finding a emill
n-cn-mmmmw;.qimxm.M-umanmmuua
miles ssutawest of Elgin to a total depth of 1,156 feel. 4 smll amount of .
oil mae Foperted 0 have besn-stsmsk neor the botiam, prebedly ia tho lewer
part of the lake-bed seriecs. o gl smomls of m.ier vere encsuntered below

the ground-water lovel, which @n 1953 was ot aboud 60 fool in the eil Gest

-‘,_hwnﬁh-ntnﬁgnll.*. This ws reperted 8o ke the Cepth st
"y .
vhigh =ater mse -u-u-o.-n-un.,-u uum-;a-uuwa-
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e
the sume wach. No ap, ~esisdle artesian weswre wa: found in any ef the wells,

. Hear the heafuters of thic ws i and of Vanghs Canyoa, a wmber of settlers
obtoln mter fyen dug or drillcd walls st depths of 20 So 80 feet. In s fow
leezlitles wheve .‘ﬂ'dnﬂhb“lmmuﬁo“
mter table 10 ot sonehal grenter depth. In 2 fou other places walls mve et
.uldmﬂomlmdndpwdf%wtwh“’ﬁod

1 1

muumummwmi-&;—umm;}m
mﬁaxuup@mnma/;um-um
laper ot sbout 180 fost. The ssuthern side of the walley rises supidly o Masteng
Nountatns (¥ J: In 193¢, mter supplics had not Deen develossd on these
slopes. On She merth alde of the walley ssver.l wells had water at 100 to 180
foot and ea %ho Rijher slopes 3 o 5 unsacesssful wells hed beewn drilied desper
then 300 foske

In the uglend platus & few miles esst of Main Valley, s fou wells have bess
driiled for demestic and eattle suppiies. Most &f Shess were drilled by Mr.
Seuts & Dealethun, o Mnily Sweidhed Sateration cmeauting then, AZ1 Wt

Grilled eeum diclaase Belew the greuni-wuler lsvel fx ovier %o aswure men-failisg

seppifes. Yiems rosched hard bedresk, wmter belsg fowsd efther 1 »jocmsolidated



«afl
groval o in e wmderlylng seft lake deposils. i4%tle diffigulty mes ene
periensed ia drilliag, fur Ve amterials are sufficiently ommented YW lime o
stend up vithout easing. Watow wn: founi ot about 150 te 300 feed, depenilng
ez the suffese clowation and lesal Tesense of porous Seler-besrisg beds ovir-
lying relatively fmporvicous emse. Nwre ssea 0 be »o wnifesm wmier table
within thess extensive submnsh ealighe and iLakelvd depesits.

ummmu—nu'u-uumuu
eslisgtion of smew and suin $o feel spoings, and re puremnial sprisgs wers
reparted vithin thems, In tho Welesns ' xmteins, however, thare are sevesel

wpringe of lseal impertanse. woﬂuocumam

xuw.l“ 4 luu in-dry semoony b .5 Reca S
. "fx e N u/"){ﬁl /tdu g ~[W4_‘A~b,
)

/,(,tAJPM (HAM fu;A¢ Q’L/,.

ummmsmm A well Wit ws drilied 44 the yaneh
mm..nmwnum-,’uumu
uuwnmmm“-’)’;;wm-u
ummmmﬂeun’é;ﬂuauucw
-~
nnq.mmnmcu-»“ Thess isme fre= yed Cretasesus
sunistons. umwmhwmuumm

L
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a“wmﬂ“umhmuuwmu%
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near the south end of the mounbf®@s,

The water issues at the base of alluvium overlying sandstone that

1

dips 609N, The discharge of 6 gallons a minute has been piped down
to the Manistee ranch,3 mlles below,A well that was drilled at the

ranch yields only a small amount,insufficient for cattle needs.

Cottoawood Sprlng,farther"est issues at the base of about 30 feet
v G L w&% Cottonwood Spring forms a2 small

watering place in a wide wash,and figures in lccal history as the

Varem
,pprlng at which Curly Bill was camped in Hdarch,1882,when overtaken
Y
and shot by Wyatt Earp,ex-marshal of Tombsatone,
- Burns,Walter

Noble;Tombstone;p.948,t%ﬁ?;‘uqa xdf #
e , » - : .

Just west ofjthe‘dralnage'divlde at the head of Raln Valley,

Jud Spring,Speed Spring,and probably s2veral other small springs,

/!, .
A TS 87

lssue from red,Cretaceous sandstone,and form watering places for

1
/

; .
ange cattle, Farther north and higher on the mountain slopeg,

flank
Bear Spring issues on the gYgp¢ of Granlte Pea%itlﬂ'gp the northwest
slope of the mountalns,Apache Spring and Nogales Spring also afford
small but perennial watering places,

where a local east-weat faull croasses a ravine and probably acts as

a dam to collect water in the upatream block,
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mmmm’nm

R S -

Wm.ﬂ.m'[u-memwm

J reu the Spenish "eansie” (Oimmmsn-celeved), referring te Gholr
asemniling eclams The amd ine bew leselir ple-seelled Semdlie .
u&-mmb)uh. The ares Detvesn the mnis suage of hille and the
Buscimss Younteine ie divided iato the mervev wadleys of Ceshe Valley, igle
Canyen and Spysamere Sulch, kavwn collsctively as the Cansle distriet. The
rocks of the hills ave maisly of Devounian snd Carbeniferens liswstenss,
dipping te tne southwes:, which is an exbepiiae to the gumessl enclerly dfp
ia the rugion. @ranits is axposed ia the arest of the hills fer o shosd
distanse vest of the Foad pass at the head of Ceshe Valley. The Jdistriet
is =t = considersble clovatiom above that ef Yhe valley of Babossmmsri Rivex .
In mering counthward ens thovefore £ie90 above the arves of cagtus and other

N/f'«.iv‘ﬂ _
dossrt chrubs, through o seme of Jusiper «pd piram, fobe an sres of livepnis
aad seniteded pinss. Along the wvalley londy theve w'~  mambar of gottlere,

e =itk & fow ealile and wilk aml) avene of Iy land, lavigatel with

flowl vater. Gwnlles wells mupply the demestic noeis. ilsay Cathe



-=53
Valley ground water is found at 10 or 15 feet in the bottom land and scmewhat
deeper along the marrow valley sides. In the upper part of Syoszore Gulch
ample water at the Diamond O cattle and guest ranch is odtained from the
= i
gravelly stream wash, Farther down stream t{he mmall supply from fissured bed-
rock hae been developed by Mr. R. L. Parsons into a flowing spring, Near the
4 s f’-&'l\—s‘«d 2y for Bl A Sl 15, 5‘
base of the ﬂnchl’& Mouatains but high above Sycamore G'hh) ther§ are several
. Ve

small perennial spiings, of whicht hosec at the Pyatt Eanch are perhaps the
largest. Their flow of about 10 gallons pi}nimto is ponded and used for gasien
as well as domestic purposes. Near the csatral course of Iyle Canyon the water
comes to the surface in a sasll meadow, abd thence flows as a peremnial streanm
for 2 or 3 miles.

Hupchuocs Mountaing-~The northern and eastern portiems of Huschuca

Mountains are included ir the Fort Huachuos military reservation, which was

4 ¥ it ’//(
established ia-Obre¥Pig as one of the military posts m—m

The main water supply comes trum 2 springs in the canyon above the fort. The

4
ML A

scpply is usually eufficient for tne heed® of the encampment of about 1,000 - -

and 200 horses ordinarily stationed there. The springs issue 11t elevations

about 7,000 feet lower than thecrest of the mountains. The upper spring is



weirh

~

Angs juaﬂjj(.

mesr the csatect of Caxdrisn recks resting on grenite. The lewer springs, o ‘
a f‘ ’U;r ,[, 22 4/ v #[u)‘\,.\c )".l\p ﬂl—h‘.-l’& 7

ails fartbse down the canyen, iscuss fwem Cardemiferens limesteme, where a mmll

dike of perphyry forms & matural dem, Beoth springs are evideatly fed by the

saow and zainfall of the higher slepes. Durin: leong dry verieds the sapply

astably dimiaishes, sad in etwe years 1% has boen necessary i» tmmasfer part

of the horses eclssshere until Mmin or snow has renleniched the sywrings. Atteapt

las been asde $o odtaian adcitionmsl supply bWy drilling nnqA well mas drilled

to nesrly 1,000 {6 bedkesk on the east side of the revine half a mile aemth -*

A

tae office usuzuq,monu.mxm.r water wae encountered in seanms
e’

in the upper vosk, In 1932 » well mas 4irilled S5 foot desp newr vhere Tozner
Cagen epens freém the mouniuims, Wwiter wac found at a few feol in lhe gravel,
dMich wes S8 Teet thick ot the weli site. ne remmining dopbh ma: drilled $n
cislategiuted to fresh gramite in vhich very little sater ms: jowad, Ia

Pobrery, (R4, eftor wemths of vrelongad dreught, wter sieod at utuﬁ’ in
his well, shich me eaprod ~nd mot yet weesd as & wpply. s dovp grevel of

msm-uhcﬂm:;noaﬁuswmwr:woxeuauwﬁm’

wweazilos coter by vells dug or drilled in the grevele
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Infiltmmtion gallerics in the constrisied part of the exnpea, adbout 2 miles
abovs the test well, might alee emcteed in doveloping a supply of mater that conld
be piped k'mvivnthomumunﬁcm. There is ¢ draimage
area of nearly 9 amare miles in the higher nart of the mastains, shich is

'] Jf't&'
tridutary te 'thm At and near the tom of Garden Camyon, just east of
the militery ragorwition, seversl dug wells ohatilm gmll wmater mapplies in the
e

bofs of wvaches. In 1934 there ma:-& drilled well in toun; that of Oliver Vrye.
This had s tetal denth of 500 feet, the mmtar level being at adeut 460 feet.
™is well eurplicd o swader of houses in the vicinity. Farther ecastmuyd, down
the wide slopiag plain, Ia pert covered with s surface of enliche, the depth %o
wetor is nrogressively shallower az the river is apyreached. The greund mater

/

teble was observed im severzl welle, 2ad its relatien to the weter mrface

Y
v

hmsaF$ . m.mmp.-tmnm in this aves
. WP -\7 La ‘1# -34/7[ R s BUPZ N 2 Syoy M—'v ‘f L W —‘—v_
YN im Cen, nf L, P teinmapd - Lo 2l Andl; "" *I\g A vdace 7 My g

'uuxymmfuornh.u--mwdcmmu.m
70 feot ver mile. Humsey Onngen 136 uth of Tanner Coayen, oad extends back
te the cres. of the mowntains. Ia its upper pertioa, se!tlements at h-:w
and Eimburg, which ciusist chiefly of sumner cottege”, owned by residemts of
Pishee and Teabstome, are supplied with v ater frem shallew welle.

& B T R S |

s o N~ ' ./
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SR

$2lasteng Sigtrigt—— Do the vieirity of Palamimas sshool, ot the crossresds
2 miles north of the Nexigan bepder, there cre a mmbor of familios huving
grazing interests supriamented ly irrigation alemg the river l.-hd.... /vhn Pedro

the

River 1s trenchod only 3 or 4 foet deep at /highway crossing, sad flows of artesisa
wmtor are obtained along this bottem laad. Trpisal of the artesian wells is
WMat of J. B Polley, abous 3 miles north of Pulemtsns. This well penetrated
about 20 feet of grevel, 30 foet of clay, and 55 feel of snd, to 105 feet, at
which depth an artesian flov was oblained. Drilling was contimped teo 208 feet,
the strengest flovw helng emcountered at 275 feet. ihe well wus caget only 6
100 feet, as “he lower mberisls were [urtizlly conselidated asnsedStsted and
did 20t eave. The irrigaticn in this district 1s desaribed by ‘refesser mita
in the dissussion of artesisa welle.

On the enst sife Ghe Janer walley is berdored Iy blufis of vutwash and lake
doposite. To tae wesl, i~ slops rlecs 2Te gramually to ths ujer laads, we-
ara it 1105, o venstary dotvocs tmer m: euter wlicys is thas sot

o0 definitely mavhked by blufis or terraces ém éne vest alde of o rivar. Murisg

She sensine of mero then averugs minfall, la 1905-1900, mach of the uapstented
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land for several miles north and west of Palamimee, was filed upen as gresing
hamest :ade of G40 seres. The Netlemal Perestq lands afferded gesd range, sad
senme dry Jarming of beans and other guick-grewing creps, wn: attempled. 4 few
sottlere proved up en their holdings and remmined; but vith suceeoding dry years,
ummua@umuumhncnsmummg. Ia 193¢
the ares had largely reverted to cattle range, with drilled wells and windmills
supplying ssottered matering places. Ome of the largesd developed water sapplies
en the west side of the valley was at the Y-Lightaing cattle and guest ranch.
Here 2 wells respectively 348 and 277 feet decp supplied ample mater for the
home ranch and ¢sttle needs, the ground weter Sable being at adout 100 feet. As
is true frem near Fort Puachues down to the river, the ground-mmter Sabdle in
the Falaminas district is at shaliow depths nenr the base of the mountains,
despening 0 s mexime 7~ the alddle pertion of the emimssh slepe, ani Shemce
getting shallewer toward the river wntil the water table mearly coincides with

Aed
the leval of the river chammel, hwlmcm“”immﬁ&d
furnich the saprly o tae Buacimon Wster Company®s pipe lime Ge Tombstone. The

intake is at & dacin 30 feotl deep aad 20 feet oquare, excavated ia the granite

of the ravine. mmwmmmwhw“
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A similar rapid drop in the water tadle at a locality in the Sante Orus

v

Valley has heen reported by Professor "mith,who feund that at the point

of the mounteins near Rillito station,?

Ae the river valley opens put after passing the basaltic mountein,
the water table drope from a depth of 18 feet below the surface to

a depth of 120 feet in & dejtanse of lese than a mile.

‘mith,Z " els, ‘round-"ater supply and irripgation in the Féllito "alley:

Arizona Univ.Apr.“xp.Jta.,ull«64,p.179 (footnoted) 1210.

T odd
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ravines farthsr south have alse beon developed and used sinec the earipudgps of

ssttlemsut,
"YUALITY OF GROUND ®ATFR

Charecter o= the water.

During the course of the field eramimtions, muples of tater for amalysis
were collected frem & number of wells and springs threngheut the velley, selectd
so far as possible to show the differeat charscter of mter in different aress.

Cutline for diseussios of amlypds

Begianing ia the mrth, the watsers frem severzl walls on the upper slopes
west of Tinkelman sbow (discuss samples 1,2,3 and 4).

In the lowland near the mouth of Jan P edro EKiver (discuss samples 5,6,
aad 7).

Forther couth, the spring neur Cook': Pond (disouse ssmples 6 and 9).

A shallew dug well in the lowland mear the springs, os oompared with
the river mater (dlssuss asples 10 amd 11).

On the granite uplanis southeast of Orucle 3be 3 C Spring (American
Tlag Spring) and the syring at the 3 C saash (Gissuse mmples 12 and 13).

Saters frem the twe despest artesisn wells southesst of Memmoth (discuss
smples M and 16)e

On the east side of the walley, Mulberzy Spriag ond the griag ct the
Busier Hill Hine (discuss eumples 16 and 17),

Parther stuth, Jurre Gprings isme froa the Tertiary sedimeate and shuw
(dissuss x> 18).
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The srwnlos 0” wmtsr collected in 172.21 were enalysed for siliea and iron.
“1lice ies an unimportant constituent and wmas ‘ound %o be present in comparatively
emall amounte in all the samples. ™he amount o” irorn pregent in moct of the
ea-ples eas insignificant. These two substances were not determined in the
samplee collected in 1934, "n moat of the samplce ammlyefd the content of

i |
nitrate was low ’bho presence of more than 10 parts per million in several sam-
nles indicates th~t the water may have becn contaminated by the oxedised pro-

A
ducts orpanic matter. On the rhole the we‘ers are lower in dissolved
mineral mot'‘cp than are the ground watere in mmny other arid re¢ ions and some
of the waters are quite soft.

“luoride content.

The 1nter samples collected were exam ned for fluoride, which was found to
be present in some of the waters in smount: o scveral partes per million. In
those portions of the valley where such amounts are present in water that is
repularly used for domestic supply there -re numerous cases of mottled enamel,

n disenss 0" the teeth uhich ie believed to be due chiefly to fluoride in the

drinkine water.
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The mottling is primarily adefect of the second or permarent teeth. They

become dull chalky white and may or may not become steimed from pale brewa to
nearly black. In scvere cases the enamel becomes defective and the tweth chip
off.

The character of the well waters with relation to mottled enamel in the San
Pedro Valley has been studied by Smith and Smith, who have published i prelim.

-

inary resulis o” their studies.

?mith.":;é.; »Lants,l."'. and bmit;.".ﬂ “he cause of mrt'led omu-l. a

defect of human teeth; Univ.Arize.Apr.Cxp.sts ., "~ch.Bull. 32,1931,
Smith," .V and :?ulth)‘inrgant Ce ottled enamel in Arizona and ite
corre lation with the conocentration of fluorides in the wnter
supplies; UniveAriz.A-r. xpeSta. Tech.Bull. 43,1932.

The following analysee by them shor the varying concentration of fluoride

in the drinking water supplies of several communities in the valley.
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Ammlyses of greund waters from San Pedre Valley,Aris.

lade by H.V.Swith and Margaret °.Smith, Univ.Arizona,Agr. xp.Station,
with epeeial regard to the fluoride centent
Parts per million.
Caleium “'agnesinm Fluoride Chleride Julphate Carbenate Eicarbonete Residue

(ca) (1)  (F)  (c1)  (s0y)  (00g)  %00g)
1. 82 15 “la 272 12 7 76 856
2. ™ 8 5.9 &4 110 7 198 408
3. 105 26 “1.3 58 ) 22 368 524
he 4 ® 6 16 tr 17 195 22
s. 8 ® 5 18 15 7 22 %2
6. % 7 ® .3 12 tr 0 257 264
7. 5 8 1.4 16 tr 17 27 52
8. 8 0 1.3 10 o 5 171 26h
9. 23 n .3 12 tr 14 a7 268
10. 11 oF 10 33 10 175 212
1. & 4 2 3 tr 10 142 228
12. » 8 .8 14 (¢ 2 217 264
3. 23 8 o4 16 s 0 220 232
4. 6 4 7 2% tr 10 198 5k

1.7inkelman,city supply,from shallow dur wll 1 nile east of town,
2. "amnoth,shallow dayr wll at C.C.Clark store.
3.0racle ,40-foot duy well at Rey Genseles filling station.
Aopo-”l' .“01.610-!'0” drilled well.
S.Pomerens,well of 7+i.Coon.
6.Benson,city supply,from 800-feot artesian well,ceased to bottom.
7 .Benson,450-foot ertesian wil ef C.!..Rueker.
8.Fairbank,railroad eoll,200 feet decp,eased to bettom.
oL.Trappman,shallev dug wll 2 miles northasst of Tombstone.
| jQeBoquilias rach,90-foot wll, 1} miles seuth of “oirbank.
«Tombstone ,city supply frem springs in Fustuea 'euntaine.
" 120anttie s6hool,D-foot dug well. < CavidD
13.Hereford ,AD-foot artesian well of J.:."1lliams.
14.Bisbes ,eity water supply frem dug wells 1 mile northweet of Naco.

~ ‘Smith,H.V.,and Smith,argaret C., ottled enamel in Arisona ned itc correlision
with the comsentration of fluorides in the water supplies:Univ.Arisona Apgr.Cxp.cta.
Teohnieal Bull.h3,19%32. pp.225-275, 19%2.
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These are the revidged figures given by H.,V.Smith in “Determination
of fluorine in drinking water":Industrial and Engineering Chemistry,
24
VOl.?_,ﬂooly,pv.’,J&no 16. tgas.

ese

In addition to fﬁb analyses tabulated,Smiih and Smith made analyses
of six artesian well waters from the St.David district,which ranged
froz 1.9 parts of fluoride per million,to 12.6 parts,

~
In commenting on the results of the analyses the autliors state that

op.cit. pp.”226-28C,
bhu—uIttvetbornrroeﬁdonL8~0¥*Beaiﬁh- -

the native-born inhabitants of Benscon are free from mottled enamel
while at St.David some of the most sev:ere cassa were found. No
mottled enamel ¥gg/f occurs in the native born at Bisbee,Lowell
an@ Warren who use the city water ,Bo cases were reported from

the Canelo district,nor from Fairbank or Hereford;but at Mammoth
every native born child was found to have moderately saver:c
mottling of the permanent teeth, At Oracle only a few chlldren were
found who had always lived therc,but all had moderately severe
mottled enamel of the perumanent teeth, Considerable var}atlon was
noted in the condition of the teeth of children at Pomerene,where
some families use the school well water and othere have private

wells, An intensive study at St.David showed that every ohild
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native to the community had mottled enamel of the moderately
severe or severe type. The defect was not found in the teeth of
tae 3chcol children at Tombstone,where the water supply is from
springa in the Huachuca Mountains, At Winkelman nractically every

child native to the town had 2 mild case of mottled enamel,
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"The differences in fluoride comoentration found in the waters tested
could not de correlated with differences in depth of water supply nor in
type of well, The belief that artesian or deep-well mater is more likely to
contain high comeentrations o fluorides and %o be more frequently assoclated
wvith nottled enamel was nmot borme out in thie State. In many cases the
decper wellein use by the municipalities show a lover fluoride content then
do the shallower private wells in the surrounding country., ‘rtesiasn water
from “rent depth, decpuwell water, shalluw-dug-well water, surf-.ce waters,
and spring waters have all been found to hrve sbnormelly hish concentration
of fluorides in oertain regions. . . « « TFrediction from locetion

a® to what to expect in the way o” fluoride con‘ent of water supply in a given

reoion seems impossible.”
—Bmi-th and-Salth, op.eit,; pr.282«285,

Smith,#."'.
Smith,H.V.,1nd Smith,dargaret C.,0n.Clt,,pP.282-283.

S S ——
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The distribution of the samples on which determination of fluoride
was nade,including the sanples arxljfid by Smith and Smith,1s shown
on Plate 16,tcgether slth the geologic formations im which the
waters are found. The areas of highest fluoride concentration are

Fl:te 16,Yap of San Pedro Valley,Arizona,showing fluoride content in

ground waters,and principal geologic formations (folding-page plate)

seen to be in the inner valley,in arteslian watera from the Tertiary
sedimentary deposits. The three waters from the granltic area of the

A
LYrrXd Dragoon Apd Mountainy that were analyfZed contain aprreciable

amounts of fluoride;but the ground water alonz the eastern slde of
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the Fuachues ‘ountaine eeem to be mearly free “rom flueride.

-Hsoavrier—eo L nimiyere.—
On tho slopes of the weet side of the San Pedro Talley the well of Mr.T.H.

onnie neer its north end was sunk threugh 30 feet of gravel to a depth of 81 feet
in monsonite, a variety nf granitie resk, which im this leeality oomnlu.. eonsid.
erable pyrite. The water is strongly sharged with dissolved aimeral matter.
_/# 6? \
\nalyeis 1 of the ublq\. /. shows a comtent of 35,612 parts per milliea
0? dissolved mincral matter, most of which consists of gypsum (ealeium sulphete)
in sclution. There is aleo consider~ble magmsium present, with lesser amounts
of sodium and blesrbonate. It is prebable that if otler teete wre mad in t»
vioinity a lreation would b found wiwre the greund water is of mich better
mality.

Absut 3 miles ssuthwet of the Nemis wll and farther up the wvalley eilde
the dug wll at the lLepes PArethers ransh sontaine water of fair quelity. Aml.
yole 2 8 'wa tht the prineipal dissolved substanses g9o~ in soclutioen are
caleiun, sedium and bdieardomate. A4 &

't the Pinsh ransh ebout 4 miles farther sexth of the Lepes ransh water
of similer charaster o obtaimd in a dxg wll theugh it 14 scmswhet more

strengly aimralised as shewn by amalyeis 3.
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At the Hayden ranch on the upper slepe of the valley amalysis A shows that
the wll water containes comeiderabdle ealeium in sclution’and is cemparatively
hard. The contents of sodium and bieerbonate are comperatively lew. Thwe:
four waters froa welle dug on the higher slopes in the northwest part of the
valley ere believed to be representative of the shallew greund wmter of that
distriet,

In the lowland near the meuth of the San Pedre River two shallew wlle of
¥re.f.T.Ray ocontain water that is rather highly mineralised. Analyses 5 and 6
show that both are gypsum waters, cnloium and sulphate beiny the dominant eonsti-
tuents. These waters alse contain considerable amountes of sodium, bdicarbonate
and chleride. The water of the north wll is nearly three times as strongly
minoralised as that o” the south well but is similar in composition to the !atter

proportiomately
exeept that it comtaine preperttvmmily msre sulphate and 1ess Mearbemate.

Aba'at 7 miles up the valley the sprimgs ncar Cosk's Pomd discherge water
that has a comperatively low content of mimeral metter in sciutiom. Amalyels 7
sho=s it te be a biearbdomate water with = miner content of sulphate. Howwer

since ealeium ~rd megre “fum sre present ia greeater amsunts than sedium end .

potassium, 1t ie e somparatively hard water.
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The eprings which iesue near the base: of mountain slepes wet—efiingnasth

on the X ran:hA fssue frem granitie roock or from conglemsrets immediately
everlying the bed rook, and are waters of comparatively low mimeral sontent.
‘nalyses 8 and 9-0f the two prinsipal springs show that they ere very similar
in charuoter, being caleium cardemmte wmaters of mederate onceatratioen,

The two arteeian wells in the wvalley southeast of )Mazmoth ere shown by
analyses 10 and 11 to de sedium disarbonate wa‘ers which alee contain conelder-
able amounts of sulphate. ™hey rre however wvery low in caleium and marmeeium
and hence are very sof't mters. It is of interest to find sush sof't wmiere
coning from the deep formations in an erea where bede o gypsum are expeded
on the meighboring hilleidees.

On the eastern side of tln/nlhy Wlberry Spring and the epring near the
Sunker i1l Yine discharge watere which are shown by analyees 12 and 13 to have
caleium and blocarborate ae ti» prineipel dissclved mimeral substences. Although
they ere mmch harder than the artesian wll wetors "<Sosuee of the large amounts
of lime urbom? in selution they eontain ajpreximately the same emouat of
total dissolved mimral matter as doos the water frca the deep wll on the Tille

renshe T™he emoumte of siliea in the tw> spring mters are semewhat higher than

10 present in mset mters of the region.



15
49

Burro Yprings issue on the exst border of the '‘nner velley et the base of
biuffe of T-rtlary eedimcnts. Analyeis 14 slows that the water is rather highly
mineralissd asit contains 1,086 parts per million of diseslved uinersl metter.

The principal subrtances are the blearbomates,sulphate and chloride ef sedium.
There are comparatively small amoumte of caloium and magmesium prcaent, so the
hardnese is low.

In the Redington district the waters from the two drilled wells on the
Seylise ranch differ eonssmrably in character, Analysis 15 of a sample from
the wll 6 ailes north gr Pedington contained only 134 parts per milliom eof
diseolved mi-ersl matte:d. sodium and bisarbomate being the chief cometituents.

The w1l water at "edingtan conteins 510 parts per million of dissolved mimeral
matter and is a hard mber om}-tu&q caloium and sulphate in ccmeiderabdle emcunte.

T™e semples from four -u.‘n.,gu vieinity of Cascabel very cons®ivrably
in chemieal charasster. ‘malysis 21 of t;i:“;'\;?"”»“ﬂr Bay -u ;t Cascabdel
school shews 310 parte per millien of dissolvwed mineral matter of which biecarbonate
is the chief con:tituent,vith caleium snd magwesium approximately equel to sodium
and petassium. ™o shallev wll of r. Themas loavitt at Vescabel, emalyesis 22,

conteine water having 768 perts per millien of diseslved mimral matter. I% is

thorefere meerly 24 times as somsentrated as thet of the eshool wll. There are
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largor prepertiomats emounts of sedium and petaseinm and alee of ehleride. A dug
well half a mile south of Cescabel supplies water which is shewn by amalyeies 25
to be similer to that of the sehonl well. Its somewhet greater tetal content of
aineral matter, 352 parts per milliow, is due to a larger content of sedium end
potnssium and to the recerded presense of 40 parts of siliea vhich substarse was
ot determined in the sample from *'w schonl we!l,

On the Poole ransh (Bedegain rench) & dug wll supplies water which ie shown
by analyels 2% to contein 522 parts of mineral matter im solutien. It 1s a sedium
bicerdonate water which aleo containe eonsiderabdle sulpha‘ All four waters
from near Cascabel which were analysed are of good quality for domestic and other
uses in o frr as their mineral content is conmserrmed, end the low nitrate eontent
in the samples indicates that at the tirme of enlleetien the waters wre not
conteminated by the exidised producte of organic matter,

Aigh on the v.llay side cast of Vaseabel in the valley of Het Sprimge Cangen
which jeins the Sen Pedre River mear Usseadel, there is a dug wll on the Deuble R
ranch. Amalyeis S1 of water from this wll shews that it centaine only abdeut
200 perts per aillien of dissolvwed mimeral matter, sme-quarter sf vhich consiets
of silisa. It is a seft sedium Misarbenet® mter. In the sase wvalley Nooker'e

Het Jprinre, amalysie 53, diecharped a moderatoly mimralised wmater in shich

cofiam and dicerdomate are the primsipal constitweonts. The sacunt of eilies in
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eolution ie about twice as high as in mpet of the watere of the regiom, heowever.
A warm spring on the 'uleshos ransh farther lon:otn-. aemalyeie 52, yields
vator that is very similartet that of the hoi springs. A cool spring on the
Phillips ranch, analysies 52, yields water that contaime more caleium end sodium
carbonates in solution than do the thermal springs, but it eontains e smaller
total content of dissolwed mimerrl matter,
. The Antelope weil in the south part of Hot Springs Valley was drilled
throupgh unconsolidated deposite in which ground water was reached at 475 feet.
Analveis 54 shows 1t to be a soft sodium dicardomate water. Caleium,megresium,
sulphate ani chl~=ide are present in very small amounts.

)

In the Tres Alemes dietrict on the wat eide of the San Pddro Velley ome
of the prineipral water supplies idPasheeo Sprimg. The water fsmes frem o low
bluff of Pliseem sedimsnte. \nalysis 25 shows it to be e caleium earbonate
water comtaining only 176 parts per milliem of tetal disscolved mineral matter.
The content of sedium and of chleride is quite mmall.

Samples wre colleeted frem threewlls in the pediment area wet of Bensen.
Analyses 25 and 27 of the wetera twe wlle show that beth are caleium esrbdomate
watore of mederate somsentration. The Jespersen wll, afalysis 25, is beside

A\l highway and mer the drainege divide between Sen Pedre amd Santa Crus Valleys.
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The water containe only 173 perte per milliom of diesolved mimerel matter, of which
A7 parte ere of caleium and magneeium and only 10 perte are of sedium and potassium.
The Hunt wll farther south and meerer the base of the ¥hetstons lountains sontaine
275 parts of dissnlved miner 1 matter and 19 somewhat moPe comoentrated than the
other water in bHeth celeium and eedivm.
The drilled well of Yr. Jamee Narmem is partly dowm the slepe teward Denson.
It apperently obtains water from gypsum-bearing lale bedsj for enmalysis 39 shows
that in eddition to sodium and biearbomate the water econtaine comsiderable amounts
of caleium and sulphate. Its total mimeral sontent of 424 parts per million is
consideredly higher th-n that of waters frem wlle situated farther up the slepe.
A% the northoeet base of the Yhetstone Yuunniu) VMeGrew Spring issues from
a quartsite ledge and has been developed for catile use. Anslysis 28 shows thet
ite water 19 @it%e similar to that from the Hunt wll a®w miles to the morth,
caleium and bisarbonate being the primeipal comsiituents. The presense of meerly
2 parte per million of fluoride in this wter 1s of interest; especially se decause
the water iseueo from the demse recks of the msuntaln and has not ¢ =8 in contast
with the Tertiary deposits which sover the lower lends.

Samples for amalysis wre oollested from six wolle in the valley near

Pemsrowr. All the wille wre drillee to the deeper mter horis éns an! four of
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them are flowing artesian wlle. The water in the wll at Pemerem m.ﬁ?
not rise quite to the surfaee and in the northernmost wll, amalysies 33, the
ocasing spparently was bhrelen and water stood at the ground water lewel, about
350 feet bdelow the surfase. This well eontains water which has a rather high
csontent of oaleium, bicardonate and sulphate. This is probabdbly the shellow pﬂu/
ground water. "he other five wills, analyses 54,.38 a , yield waters which are
WA | /

‘“ohuar in their content of mizneral matter, which ranges from 211 to 287 parts
cer millions All are sedium bicarbomats waters couteining small emouhts of
calcium sulphate (gypsum) in solutiom.

Semples were colleoted in 1934 from two of the wlle that had been sampled
in 1921, in order %o eheck s poseidle chanre in the eompcsition of the artesian
water, and to examine it for Clueride. No appreeiable change in compesition
is indicated by emalyses 36, 35 o, 38 and 38 a, but the last amlysis shows an
umsuelly high eontent of 4.2 parts of flueride.

During examimation of the eres 'm 1921, samples of misr wre collested
‘rom five wlle in Sensen. All were drilled %o the mein artesian herisen at
about 300 feet, lut {twe of them sitmated in the higher p&t of tewn did met
flow. Anmalysse 40,-A4 ahow thet they are all bleerdomate wmaters comteining

aprreximatoly equal ancunts of caloinm and sedimm. The eomtents of sulphats and
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chleride are lew, and the total amounts of miner-l mattsr in selution in the five
samples range only from 257 to 276 perts per million. The waters are of good
ouality so far es their mineral eontents ere conserned for all domsetis end
other uees. These samples were not exemined fer fluerids,

Analyses 55 and lb:u of water ssmples ecllest-d in 1921 end 1934 from a
el drilled well 35 ailes south of Benson whish has been used for esttle water.
ing show that it is a bieardomate water containing neerly ¢ quel szsunts of sedium
and calciume. “inor changes in ite mineral content had taken plase between the
dates of collection of the two samplcs, the total solide having decreased, chisfly
due to the prescnoe of less caleium and bdieerbonmte, but there had epparently been
e small insrease in the contents of sedium and sulphate. Its enntent of 2.6 parte
per million of fhioride is alse meteworthy.

Absut 3 miles southeast of the small drilled well Just deseribed the artesia
well of greatest discharge on the ransh of ir.J.f .Parker was sempled in 1921 and
again in 1934. Analyess AS and Ade show it te be a biscagbemate wier of low
consentiration with ealeiun and magmeeium present in esnsideradle excoss over
sodinm and potassiom. Lile the esttle watering wille te the merthwsst, the water

of the Parier wll has Weesw loss mimwrelissd in the imterval between the eollee-

ti n of the Swo samples, The mater wﬁn a content of 5 parts per milliem of -
. flmeride.

T T e s T Lk
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Tater samples were eoollested from seven flowing artesien wlis at and wer
SteDavid in 1920.21, and samplee were again eollested from six of \hess wills in
1934 to examine them for fluoride and for pessible chanpes in the disso!ved airer-
al con‘emt. Samples 55.58 a from wlle within a mile of eech other show them %o
be similar in compositien. All are sedium bdicerdonate waters and are quite seft.
The appaent droreass ia mirwrel esntent in ell of them i ehiefly due to the
deteruination of siliea in the early analyses but not in the later ones. All four
wvaters eontain ancunte of fluoride great ¢ nsugh to be a contributing sause to
nottled emamel of the %eeth if they are used sontimially se a drinking vater
supplye. Analyses 59.61e of three artesian wlls in the lowland seuth of St,Devid

show them to b
ake, sof't sodium bdiearbenate wmaters 1ike those closer 0 the village. Ome char-

"
acteristie worthy of mete is their lowr ecentent of fluoride.

In Tomas Oanyen cast of the valley lands of Jonsen and St.David samall weter
supplics ere furnished by eereral eprings. Amalyeis 67 of water from a spring
neer Toxas Canyon eshoel shows it tely/ centain an umusually low esontent of
dtmm mreral matter. This might be enpested siunse the mater is eseenmtially
underfieow in the I.pp.l' pﬂ. of a meh in the gremitieo hille. Caleium end Mleer-

bonate arenthe primsipal cemstiwments, with evesniery emcusts of sedium snd

sulphate: The emcumt of flusride :vesead altheugh i\ 1s ealy .8 part per silliea,
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1e greater then in .o- o the artesian mters of the inner valley. It may be of
eipgni“icanes in indicating that the “lucride io derived from minerale im the
eranitic rocks.

Samples of mater wore co'lested ‘rom two springs and three dug wlls along
ithe base of the Uragoom Noumtains. Amalyeis 74, from Fourr upring, shows that it
10 a saloium sardenate water as wounld be expeeted bocause it issues at the baee
of a llmsotons ledge. The scures of the cemparativwely large contend of sulphate
in the mier is not so evident ~cwewver, Although it is a hard water the centent
of dissolve ' minersl matter is only modernte and eo far as the mirer~l character
ie comsermed tha water is suitable for dem-cetiec and ether purposes.

The water of a dug wll at the FAorse ransh comes from granitic wash and ie
similar in mineral sontent %o the spring weier Sn Terxes Canyon. Amalysis T3
shows tnet the wll water has ae its primsipel mimsral comstituents caleiua
carbomate inm sslution. Its comtont of fimeride is meerly the came as thet of
the spring in Temas Uengem.

Syeamere Spring, smlysis 76, diseharges a rather hard sater whoee prinei-
pal dissclved mimral mattor consiots of caleinm cardenst®; but in so far as ite
nimral content 10 consermed 1% 19 a goed vater for all o‘ru-;y uses.

™e shallew dug wll en the J O Bar ramh, analyele 77, and the dug wll of

¥e L. Treppma, emalysis 73, yieold ealeimm cerbemate waters similer in shersster
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to ethers mear the Nragoen Mountains which were examined. The water of the Trapp-
man well on the bread drainess divide at the head of Gevermmeat Draw eontaine only
about ene-half as much aimeral matter in solution as does the water of the shal-
lower well.

On the pediment eleope south of Tombastone the well of ir. C.H.\yere reaches
water in red beds which are prebebly a bdasal part of the lake bede or the Cila
conglomdrate, Analysis 68 shows that the wmater is of falr quality for domestic
use with caleium carbomate in solution as the principal constituent and sodium
and silphate as minor subdetances present.

Absut 10 miles south of the Myers wll and farther down the pediment elcpe
the dug wll of r.Rey Fambe reashed water ad 110 feot. Analysies 70 showe the we
wvater to be similar in mireral conetituents and in total amount of dissolved
nineral matter to that of the Miles well, The high nitrete content in the
samples eellested from eash wll 1s of interest in tlvse comparatively deep greund
watore.

In the valley loviand wet of Tombetons a shallew dug wll on the Beguillas
rensh, amlysies 62, furnishes mter of cemparatively low siwesral eonters. It
rosonbles the p“ wator of the higher eleres in having saleium sarbemate ae
the primsipel mimer-l '‘n sslution. The presense of ealy .1 part per aillien

of fineride 10 mbowerily.
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Haseelgren Spring meer lewis Springs Aeilread station iseues frem sandstone
of the Plioccers deposits. Analysis 69 shows that it is 2 seleium eardomate
water of moderate coneentratien.

Samples wore collested from twe men-flewing ertesian wlle at Hereford.
Analysis 71 of water from the sehool wll an? analyeie 72 of water from a wll
near the railroad station shew that both are wnters of moderate miner-l content
having ealeium and Mearbonate aes the ehisf sudstanses im solutiom. cSodium ie
present in miner smounts, and the contente of chleride and sulphate are low.

On the wat slde of San Pedro Valley samples of wa'er wro{‘eolhoud from
six wlle in the Flgin distriet. Analyses 17 end 18 from two drilled wells en
the Starr King ranch of 'r.L.".Klems show them to b ce'olum sardonate waters
of medor~te comeentratien containing minor ameunte of sodium end shleride and
umeually lew sentent of sulphate. The wells ebtain weter from red sandy btede
prebabdly of the 3ila congleser-te. The shallow dug well at Flgin school,analyeie
19, ales furnishes a ealeiun cardenate water of mederate mineral eontent.

To \he seuth of Figin the shallew wll of lra.Mattie Johnson in Cochw Valley
yields water vhich is shewn by amalyeis 20 Ve eomtain ealeium and Hiearbemate as
the primsipal disselved subetanses. The .ho— of flueride frem ﬂwo water

10 mbowmrily, ™e wll 18 in a marrew valley berdored by Mlille of ansiont
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sedimontary roeks.

In Rain Valley n few miles northeast of Flgin the drilled well of 'r.A.H.
Rerkey probabdly obteins water from the basal part of Tertiary sandetene and
nsonglomer -t resting on aneient sedimentary rocks. Ainslyeis 29 shows that the
water has a comparatively low mimer-nl eontent. By far the greater part of the
diesolved material is calcium eerdomate, presumadly derived from the limeetone
of the mighboring hilleides. ™he low contents of sedium and sulphate snd the
absence of flueoride are noteworthy.

't the Sabocomari home ranch ¢ast of "lgin the water from a well drilled
to ground water level in the stream walley is of falr quality. Analysis 30 shows
that caleium and bieardonate are the chief minernl eonstituentis as they are in
most other waters of the distriet. Farther east down the valley of the Babesomari
Niver the drilled wll of !r,Al Turner mear Campstons rallread station supplies
water of mederat® consentration. Analyeie A48 shows caloium and bicarbonmate %o
be ti prineipal subetances in solution. No fluoride wee found in thic water,
vhost—teaperu iV 3P ————degrees—initeatrs—tNEt 14 1o net the uppermest

shodt 140 At A WAL bt Al 2o Lonz
groand wawr Wt sumre frim e-dophh-of-porheps——foat.
dralind cowdl Cagrd .

On the pediment elope nerth of Campetene a will that was drilled Wy th»

County Highway Departaent oblained mawr that '3 comparatively highly mimncrelised



1685
.3

\nalyeis 47 chows that the prineipal diseclved mimeral constitusnts are oceleium,
bicardonate and sulphhte. It probabdly odtaine wmter from gypsum-bsaring beds
in the Tertiary dedimente.

At darden Uanyon on the upper part of the pediment near Fuashuea Mesuntaing
a deop drilled well of Mr.Oliver “"ryo reashed water at a depth of 460 feet.
Analyeis 49 of this water shews that i{ has & lew.content of aimeral matter in
solution caleium onrdonate being the principal disselwd mimeral. It contains
very aminer amounts of sedium and sulphete and no fluoride.

A test vell drilled a fow miles east of Fort Huashuea in sutwash at the

of

mouth o "anrer Tanyon strusk w\'rqn umsuelly low mineral eontent as showm by
analyeie 30. ‘s the contents of ealoium and megnesium are quite emall, it is @
soft water. Tn this respect it weuld be preferedle to the water supply for Fort
Auach ca whish is odtained from eprings. Analysis 31 ehows that this spring water
13 onmparatively hard with a rather high eontent of ealeium and bicerbonate,
whioch {e very prebably derived from limsetor® of the upper mountain slopes.

On the weetern side of the wmlley aleng the ful-us slepes at the base of
the fuachuea ‘ountaing samples for analysis were eolleeted from three wills and

one apring. ™» dug wll o. ¥r.L.B.Jerdan reatbed water at 105 feet on the wile

gravel sovered plain. Ainalyeis 63 shows that A\ water 13 of fairly low mireral
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content, caleium cardonute deinr the prinsipal mimeral 1+ohuu. The low
contents of sodiuzm and sulphate are of interest. Adout 10 miles @ariher south
the well of “r.John Dinwoodie drilled on the same pediment plaim struek water
at 300°feet. Analysis 64 shows t'at the water contains enly 127 parte &
million of total solids, eanleium and bdicarbonate being the ehief minersl consti-
tuents with umimially low sedium and sulphate contents.

Boquillas Spring issues at the dase of the mountains with a constant diecharpge
of about tméss;he gallons a mimite. Analyeie 67 shows that 1t is a calolum
bicarbonate w-ter as would be expected from the presence of rmuch limectons in the

neardr slopes.

£+ oNetd

The — 5
kfdrilled w1l of v,  Htanley Stomeis reached water in the rravels of

1 —
the pediment at 3515 feet. Analysis 66 of water from this well sh we it to be
lces mincsrealised than that of !loquulf’swug altheugh swimilar in composition
with caleium and marmseium and dicarbemate as the prinoipal substances in
solution: The abesence of fluoride from the feur samples ofgreoundwmter eolleoted

aleng the east side of the Muashuea Meunte'~s I.anugu that the rocks of this

dietriet do not eomtain appreciable amounts of flueride-beering minerals.
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l Tabke of analyses

The following table presents the analyses of the samples of
water that were collected in 1020-21 and 1934, The 76 wells and

spriggs from which saaples of water were analysed may be grouped

and elassed ff/fgXXgWdsthus:

Number of samples.
Calcium carbomate Sodium carbonate

Calolum bicarbdonate Sodium dicarbonate
waters, vaters,

Upperncst ground water,

froa springs,dug wells, L/ i

and wells drilled only 7
I to the groung.vater table.

-

Deeper ground water,froma N
drilled wells,cased to ber e
the! lover watersbearing

layers.

It appears that in general the uppermost ground water 1s of
calth,l toarknate type,whereas most of the deeper waters,which
are limited to the inner valley,are of sodiua bicarbdouate type.

.qn princiml chairacteristics of each water analysed have been

nentioned 1n the discussion of the quality of the waters.

¢
1
L.
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