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Baboooaarl RlYer. !'he•• U.o&a "" ao14 a& uo,loa lD Ule earl7 

tbe Boqulllaa sran~ bela& aol4 tor 110 a aqta&N leaa-ae,&Dd &be 

~- o~r ,.o,a 'O&al of 1380 bela& pal4 for tbe laad. tl,le waa 

ClalU,lOJ16 .,, ... &he dlHOYerJ or allYer .lD \he t'oaba,ooe 4la,rlt&. 

Pl'ob&bq on t.bla UOCND' aDil H proHe' ~"WWDJ.ag lD&efttU Deal" 

wor.t &~ depoalta. 



l 
~~~~ tilt .a- w.r u. "«'- .. vew••• ., , .. lllllwr e.,.au... 

RlWP aBI ..,__ to Uallfenl.a la lM6. Rla ptrty •• Mil J ... 'r Lletlt.e•a\ 

et •'-t ~ •• tfJJr \hi ,...,_ of .,.lllar • .,_. r•t.e t.e uallterala 

;;;;;r- w-.-
- . 

1 R••-l• .... ,.,. ~ t.ae .... th 
I 

..... 1 ~~- nt.sa orpu. ,~ o~~~~~~ ---•••··s~}'·DM·7 
(B• Oeo ;l) ,.l-416el;s. ,../· / 

\.G •• P.eperit ef' ~le DIIIS'oh ~ tiea\a l'e !Min.!&':; OS.po 

0.11 .. ~ o D£• ' ..... e.r •• o.e.-l.p' ,.~ - ,. --· ------ ·- ... 

-......... ,. ... 

ef Dt ·••• , 185' 18 .. • eoa\h of U. Olla '-... ,._ ,.. ._ ,.Ire Yal.., 



ll& 

·:::r--------------------------------------------~r' 
IIIOJ7,· •• a.,•o'•• ot a alll&arJ ........ , .... ti'OII ,._., .Le&Yeawort.b 

ln 1flaaogrl to laD Dleso ln Galltonala,laelll4las .,...,. of &be 

Artauaa,Del ·~• all4 &lla rlw .. aa aoua oo-.. ,u, ..... , .... w 
Bx.DOo.?,l848.,alao pgbllabed aa 30'b ooas.,&a& ..... ,ax.noo.ao.•l, 
1848. 

_.J COoke,Phlllp s,.o.orae,oftlolal Jo.&l'laal of -~~~/ Llnt.eMD' 

ColODel Phlllp S,.Georp CoOke troa a.a&a .. U 8&D Dlep 

(Oot,13,184e -zan.t~,1847):30~ cons.,la& ..... ,a.aa&e.az.Doo.7, 
l&41.,alao pQbllab•4 aa 31•' ooas.,Speelal ..... ,aeaa'• mo..a,lst&., 
aad aa publloat.lon no,6t7 lD &~ ooasreaaloaal .. rl•• of publlo 

doouaent,=·~·--------------------------~------------------------·----
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._\e to Oall fGPal 

ap,...Jd.Mtely alon the roate lat.M- tell••• ., \he ... u\hera aolf1o Rel ..... 

In 1~ ... 1eat.enan\ Parke J.t4 a "ooDd • e41\1oa c e\ a. !It and. bt.e 

Antl•ll e the fllrat to Wl' 1te ·-· oo .. etea geelegloal .. 110Plp\1oll of SOLtthern 

( ../ 

A •l••• 

.. . . . - - - ~ . - . - - . --- ·~-----

;"o t tsrec _ nrlcl after_.cl Oaap Oraa\ •• eatabl1ehe4 1n be lo•r San Pe .. e 

I 
Valley in 1~ ae pro otion a~lMt tht paohee. Ol"t Ruactuoa •• eataltllebet 

goocl Paainr. for the ... alry bore •· In 18r57 ttw eeml-wetlJ Bllt.\erflel4 1tqe 

0 .,. raate down tbe Yeller. In ~8 \be route ... o· ••• tualag •• ,_.. 

( 

\he nlJ.er tbrea Drepoa Pue aad u.... wet.wr4 te 1'a-a aDd be yo... le 



Su.ne7 to aaoertala Ule ••~ Pl'&ot.loable &Dd eoonoaloal rouH tar 

a rallro&d troa 'he Mlaal•alppl Jllyer t.o t.be Paoltle Oo ... : ,. · 

report b.1 fho .. a ADtl .. ll,u.D.,seolosla& ot lb8 expe4l&loa. aoe pp., 

·• 

.· 



etage ll• _. operated ua"Gll the ,_ 1~ et \t. ~ ~ril •. Op. \e t.lala U.. t.beN 

_. .... a~ln beo.- an ao\lw -~ ...S molt o ~ mining •• 1toppe•• 

.. 
••• In 1872 aeral · •• o..-•~ • ••e epeolal I~laaJ ..S.Iela•~ .atlll'"" • ' 1lt•ct 

\be paetw ~hl&t Ooohl• ln h11 eveagbelcl oa t.be eaetern eltle of \bl saa Pebe 

" lley eftd lndlleecl h1ll to ab 'tdon h•t.llltl • and uae hla latluoDM w1\b 

oU.r chie f'• to tlo 1· wl•• ?or a few •• t.blr fte• the ! D4la• •n 

,.. .... '-. 
pGaoeable but in the late ~ \heJ oarrt.e• oa ralcle •~ala ad •n aot tt..lly 

/f 

1886. bout 18F2 ert rant 

ftl'l a ~ood tAr aupply -· ll9a11 ble hoa lpPiQf,tle 

'!'he tll'et. aet.tlement by r1ee.ft fatt•r• ln the !i n reclro Valler •• by 

~~ 

paPtJ o :=:- ~ePIIOft t.S.lle• who c .. from ~ oole .. at •• •ar . beealx 

~~~ 
ln \be eouttw.at.ral part of t.M ~\a\e/ u.l ••tahl' ·"• ~ t. ~avl4 l.n owU.r 

-..r&•lti?/, -~ (! ~ ~.~ ~ ~ 
' ft_L L-J~~ ~ht ,u 
~~~ "'~ ~--~ 

1'be dlwr depoll\8 of ,. ...... •n dl1oenre• 'Y ct. obl•tflla lA 

,,,,,~~~~ 
i?e11nary of ... I shM'wlAI1• •&IJ \t. pr1aalpal 1\Pibl 0 ore ere .... , . 



14 
.J 

popalat.loD ot about. l&.ooo. Bae prlaelpal alaea wve a, 4olrD &o a 

.J,v...~-fp.,t) 
4epUa ot abOut. 600 teet..when Allf' SJ'OWI4•wahr M; sUI ••• _._. .... a.UI4 

Att.er 7ears ot llt.lsat.loa &be prlaolpal II'O'IP ot alMa ••• .old at. 

ai&Ot.lcm,aa4 pwaplJ16 aa4 proctuot.loa "" reauaecl tor a ,lae.!be •••' 

allYer 
Of puaplJI& at. lut. beoaae prohlblt.1Ye 1howner.aa4 'he/alua .... 8but. 

. . ~ 

4oa. lfhe aaaoolat,ed .. .,. .... ore• ••n Mrket.e4 tor MYeral 7eara; 

" 
I bu.t. ln AJ)rll, 1;91 t.hla won •• •&opped•aad u. popula,toa MOD 

" 

Jo 1880 'h• ln llne of ~· SOYt.~ra Paolflo Rallroa4 ••• ~llt 

aa eat.abllme4. ore ••• 41MOYere4 lD Ule Jlllle IIOwa&alu &114 &he 



II 

alalaa oaap· or Bl••• ._.... ap. la 1.878. rear u. tlr•& t• , .... l& wu 

•• tor a ,,._ t.he ....... , rallJtoad polD\,&DI &be _.l&ecl prodaao& •• 

ID . 
&nuport.ecl froa Bl••• ~ 1 & bJ , ... al~ UM wall.,~& '" 7Mr• &be 

• 81 Paao ,.Nd SOuU.ea&ern Rallroacl waa bull& troa ....... o r&lrllaak, 

t 

o011arl Rlwer, to oOIUleo& wl'b a rallroad be& .. en IIOplea aa4 .,... ... & 

road •• bull& troa Dragoon nor&bw&N to oopper aln•• a& Jo a. t-beH 

Paolflo troa 11 Paso to !uoaon waa la&er tull&, ea&erla& &he San ?edro 

I 
\ . ' 

Yall~ a& Bl••• .Jwao&loD aa4 &beaoe ooat.lm&lD& ~D &he eu&ena al4e ot · 
; 

or u. waller to Palr'-*• •••• 1' oroaae4 U. rlwer aa4 g&4uall7 



ae 

le'tleaea'• aD4 ~·~l••· 

ID a44l \lon 'o t.he t.oma t,ha t h&Ye be•n al.rea4.J aea&loucl, 

........ 
WlDkelaaD.near the Jwaotlon ot the San Pedro RlYer wlUl 'be Glla •• 

.) 

ln 1~34 a town of aboat. &OO people.Jt. ha4 '-•a aore ao,lYe durlQS 
~ 

oopper-mlnlug deYalo~nta a\ KelYln aDd a&J,• , .. allea to \he narlhl&t, 

. 
aD4 at Ch latllaa to the nort.heaa\.ua..o&.b. waa tonaerl7 an ao,lYe 

alnlng aettleaent where o•pper ore troa the aloe on the Yalle1 Blde 

to t.he we at waa brought down to a m1J!- a\ the rlYer , wblre •t.er waa 

aY&1lable tor operatlona.rn 1J34 ~· waa only a wa&obaan at. the 

alll.!he vlllage •a• a supplJ polnt tor r~aobea aloaa '~ yalley,&nd 

oontalned abOut 150 people.Soae prospeotlD6 waa belng dOJM on Ute 

adJacent slopea,and also ln the Galluro ountalna on the eaat. •lde or 

tb Y lley,ln the v1olnltJ or Copper creek m1nlng o· mp. Oraole • • a 

ae\tluent ot about 30 people on the upper border ot t.he Yalle7, on 

~e road b&t.•een Maaaoth and Tuoson. At Redington there waa a poat 

ottlce and a achool.At Oaacabel tbere waa po•t, otrloe,aobool aa4 also 

aaall atore tor the ooa.enleaoe ot aet.tlera ln t.hat part or t.h Yalle.J. 



8aDta C&t.allaa Mount.alnl t.o !Uoaon. A &raded road &lao exteDded 

troa Re~DSton aout.hwarcl aloDS &be ••t al4e or the valle7, t.o C&aoabel, 

&D4 thence to tbe hl~&J at Benaon,a town at ne&rlJ 1;00 people. 

A' Port Hu&ohuoa on &he aoutn.eat bolder or the YalleJ,~here ••• a 

garr l•on of about t,ooo oavalr,. 

There are several ranohea aloas the lower part or AraYalpa Creek, 

and alao ln the upper YalleJ at thla oreek,wlth settlement• or pe~ba~ 

10 or t o people at Ar&YalPa,~ondJke,aod BODl~. ~he Sta ~ 

Jnduatr1al Sohool tor BOJS occupied the ll41nga at Fort. Grant..at. the 

head ot the Y&lleJ. 

Froa 1\loaon,u.s.Hlgbw&J so paaHa eastward to aeuon aDd t.heaoa 

southeastward to !oabatone,Blt•bM,&Dd on eaat.ward. State HJ.&bw&J so 

extends troa BenaoD eaatwadd t.brough Dragoon Paaa to Wllloox &Dd 

be7ond. State Hlgblr&7 Bt connect• RlalD aa4 hlrbuk wlth the aaln 

· hlghwaya. 



I, 
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r; .. APHrC ~NIJ ~E OL~bl C. FFA TVRf'~ 

fouat.alM 

A, 

The •rV.ra part of \he n Petre kela la tor 4 t., Ar-~·· Valier S.ch 

f'W 
Tere • and F laale• . ottDt aiM. 

~~ 
Tbeee rt.ee to altitudea ...... 1.000 feet. and ~lmlaatl ln " ount. rah&m e.t an 

•ltltud 0 

/~~'-~~,~~ . 
10. 7~ f-et. a et o4' hllle •• tM ••' •par te \bt clraioa of 

.-{ 

'~'••lp'l .~Nek ~ m the 1n . n . e ro ller. Other h11 • ~ ... a eooloee a 

11 apland ft~ley in the •1c1nlty o t;oobr ot rprla •· ar\ber •~th tha 

u lpb1 s rtnr alley t he eaat. he pate •en t.loto• t.wo oupa of 

'1;6 (K) 

at.':! lfta baa an altitude o f' about 4,6e teet. . :'lt' aou 1M t. aelwea rlac to 

I' 

7,512 t (le t l n · .. ount lea . .... ~th of thW a oon · ount ioa t.ber 11 nother wlde 

p ea C" the h .ad. o 

» the ~u le .. . oun a1 - wlalah rua a a 1 11 

n tt. •o alde or \M nll., the ort.llla .. ot.an eina 1n t.be DOrt.b fora 

ln-oad d1vlde oat hy 

s~(j 

d\Oatallaa and RlBDn 

..... WIMI 1aat haY11lP 0 tlv 1,,: low r liet. 

\elM bo,.d t- the 1\ern lld r of :·an 4ro lley for 

Rt.on ounto · na there 1• a broacl dlYlde 1n '"'bt Yio1nl ty of ., ••1 .m: ob 
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ranlw ~ek a\ 7. 367 teet. no\he!'" broad upland are t.ben t'orm the drainage ~ 

-
cllYlde o t Sen 2edro rlwr eln e ·JtJt.h rd to tt. ., an:. l o .1. .. le end ·.uac oa 

f'o r r c uti t.ute e ru d a 0 1'"1 8 ndin eou . aet-

not-th et on e ter 1 ai o~ th ·.:uac . cae. _,he 1 . ' #., r !'or A l e.r 

. nt 'l 11 . a 1 l 

.• 11 p ; ~P e ce t 1 ~ tud • o , 445 n , 21 Pee • 



~ 

. ouaWa pea-au 

_bf mcaaatalu whtch bordllr t.hl San •o Vall•J 4o DDt. ••• .. ••• \e \Ill 

lewlaall. !belr ba•• aN rather eberplJ mariDt• i n moet. la•• ~, aeat.lJ eloplftl 

pln1ne which enend et nterly unlfora •1•• clown to Pelt t.'- t.Jt•Bh of \Ill 

\hla layer o~ aftl and ro~- ••..!•~ Suoh ~atare1 wePe atudl•• b BPJd la t.bl 

-.../ 

Paps OO&lntJ~y fart.her ••' end re deft. nil• by 1m e ro llOtlla 



,, 
In .-....t._.. _.atat. .r t.t. Pa,.p _......, 1'181 !?en plalM 

wblob ... eblller tn f'_.. w t.~ all aaYlel ~ne t.ba\ ..... nly 

1'Poll\ ~11\al• of' aa •Pl.• re«toa.taat. laP&e ,.rt.a et U. plalM 

are wltt..t. allaYial oewr ... aN •• •••• ef •lU ...-. Tt.• 

p lalD ot ~~1~~-~rtli!OD -- V-'""'=~ 

de~ert :neun\aln raa,.e. 

'. 

toot. ot a 

-./ 
s:oe olorlo ·~ wre r eoogn1•4 whl o"- hPve b en de tCPlbed b~, Bryera t.huas 



a.,.a.lin:~'!'t. ~ Petr; Vtlley,iri • ..;..~~- \ht -~e!NPbl-; e,ale1 aeel. eoe • 

.-..-lot ~11· •ol.,., ,p.l1'0,1926. 

" ?ellnl~t« .. , .... u. .. 1M~ oea1~~ae4 erHloD t.r e4 a ... .,.. .. 

.arf'aoe,here wrme4 \ht '!'•••• pe4S.nt. '!'he ree1duale ..... thle 

IUP 41toe ooM11t of' tbt haP•r ro .. ,e• ... leoate4 at polll\e 41nant 

f'rem c aln drftinare U••· '!"My hiiN ,U.retwe ,all ttw ehar .. ter1etlol 

ot rollduala in t~ I'IDP!al 07e._ "'••oe1ea,MW only \hllr 1t.Np llopel• 

?he alopea ot maunt r · » are,t.•wr,a f\uwUon or tht \ype ot reck and 

tho cU.matlt,whln .._ tbt 111ltlal eta~ ot 4eftl.-at 1e "er,a,.. in 

ari d re~ona t.m alepea o~ -ntalM are •'-•PH than ln ...... or •rmal 

cUmat&. ~lmllarly,thl er1doa _.,._ 1e~t•• to \he d!'al~ pat••n 

in all H.a 1ntr1eaole1Jll wl .. oa mala 4rtlza~ aa\apera ln\o lang,D&PPOW 

tl'"lan lea aloar, mlDIP ltN-•1e enlarr,e4 on 1oft. roolta. narro•4 en bard 

rooka,and pre•nt• all the ~aturt-1 of a pe•pWn ln ttw normal oyoll, 

OKoept f or 1\eepDe•l or I lop• • 1'hlt I lope range I f'rom 50 to 2)0 feet per 

mlle, gPadlenta tar 1n ... ,., of' t.bMe ck"loped by eveau ln tre old-age 

atap.e in b.tmld re~ona. '!'hit :'oaab1tot» pe4l•nt la, l:.~r~toN .an expreedon t 
or ~nepla~~on,thau r;~ perbap• ~t ~~ltt.e b ... -le-..eUag ln an arld r egion. 

- ·------
t.f'ore thD la1t reelaall had been redu•d,the 1'011be\- oycle -

lnterP\lpt.ed by t.bt lsl1lon of' t!w etr•-. At a lowr lnel a ... ODd leaa 

coaplet.e pecl!.Mnt •• d..,.lepet. In thla •ooad.or t~e t.lto~~e.pedl•m 

el!:tlltr . .. aturee wre ••••••• la\ t'11 cyole •• ~alD 1nt.errupt.ed by \t8 

1Mlelea et the .v.- te \hi aUll le•• lewl or the AP••alpa wrra ... 

Below t.hle t.erraoe 11• the Will..,• of' \be e\Naae,ODM "'"" thaD tbly 

new are be••• ef a ne•nt tlll \ba\ l• _. tle1ar .. _... ln part. by 

...... ••olen llegun la 18&5· 

Ae tllt 1'•lteto• pe4l•Bt. _. •t hrtu~h\ t.o ••ple\len lt affor4a only 

,..,\1al .. 1 ... u \e \hi ult.i.-te laad f'orll pro .... d bJ ero1lon under 

...,.. eeallU••· " 



Plate 3· A. D1eHote4 pedlaent at eouthwet ead. ot Dr-coon llouatalne; 

J. Fedl•!lt at baee ot Dracoon Mountain• near 57a.on Sprlnc. 



I 
I 

- ) 



'' 
...,. up per or Abl t ont edl nt. 11 cleve lepecl 1n a wide aoa1 a loa . \hi '*- ef \Ill 

'-f • ro k o.- "'.,. nlte am oUter anoS.nt. roeke frtr auoh o 1 ·• enea\. It.1 

~ 

••r 1 t,hft .o r ia s . own i n · lata -3 • t and 8 . 

~d cluy- t ~ a 1 . rtod o~ roelon when the ~e ,lon a reduo•• a1so•\ \o a 

pe•plaln s t. t hi1 1?h 1!!!!! D almoet equally promi nent couat.ain pe41•nt ftl
1 

, l )' 

/ tu Lth k~J r' · ·~~ . · 
.. t in t v lley elde a a t a lo r eleYatlon dur i n a l ate r period o M-olloa. 

hie broad ~ntly alopi n, pla1n which ln a 001e pleoee b~s t.he !eaturee of a t.erraoe ' - - -.. . 

Jte+.h& ,- t han a peneplaift OOM,itutea tha · het•tom It 11 prominently 
J .. _. ----- - - - · - -----

tleft looed e. l on the ea1t f oe or t he "lleti\Dl .. :ot1nta i 111 and ~lao al . ng the we•t 

taoe beyoftd t.t. limit o~ tte Ge.n Pe4Pe Valley. "r aoet or tbt area 11h1ob lt 

( J . t{, i l 

cowre ~hie pediment hse bee~ ~t - .. ~.!tJ.ef~y in e ly rtiarJ •4S..B\a llut. ~-
... - ------ - ·-·.- ... ··- _.___.. -- ·· ....,.._.... 

eewrsl ' letJ-lota it hll• 'en ent 1a the bed rook. 
...---...____.____.- - ... -. --- ·-.._ ------ det s llecl lhp ot U. 

'~'•M\one dle t rlot illuett-atln the way ill wblab tbe t o p~ lment.a at different 

• 

2 

- ·--·--
Pl._. J./ ' ap of tbt 1" ombe\oM latrlo\ lhowi n thl '"ambltODI aDd ~tltonl ~4lmi\.D\I 

/ - , l & fl ' }.£·.:.,..., 1 l.~ -r 
'"' ./ 



Plate 5.A.D1taeote4 pe4l•ata &long •••' ald.e of Mae Tor,t.lla llcratalaa, 

lookllll aorthp 

B.!uoaoa Valh, lookinc up•treu. lhowiDC remauta of pedl•eata. 

• 

( 





- ... • • ~ ... ... • .. .. - ••• f 

'!'be oharac~r or +..ht terra .. • e.ad thl -~, they eN 1wpt. ' ' ••he• 11 ..... 

t a Pla~ !5, ·' end B. 

~ ;roagblld Oa .. • tlhere there ia a N...-ka!tS. ana of t"Jt8n1tlo pe•t.D\. 

~~ 
"'he m"untsirY sre r e tl4ut: l •l.eft\lena Neu 1 t.l.n~ ~'!- om AD upllf'\ \hilt. laolftd 

;1'\ 

'(. . 

~ two clse#>t . f' la"lterial ~.N of \he aem~ .,.rlo · of depoaltloll end eoM\l\u• 



Plate 6 • .A.. Al'aftlpa terrace. lowlu4 alOfti" San Peclro Bl•u, ancl pe41ant 

1. Bluff• ot the Vhetetone pelt•at 3 all•• eouth ... t of Caeoabel, 

-• i 



.' 



( Tet-raoea. 

· lollt! tht lower ~an Petl?'o YalleJ 11l tJJI ri.elnl'' et \he IIOUth et Ara ... l ON 1 

alonr. t he riwer and repreaeat1 an eu lJ e\afti8 of' roe ion and &poe1 t ion 1lr 

' . a"'ipa t;r~ek. he t~rraoe and lt1 nlA\1• to t he ... b,tetone pedl•nt and h i - ;~er 
... 

v · 

"lnDer Yalley 1 1'h1.a 1a bo?"dePe d 1n part b bluffe 2) to ... ~ feet in h& 1gh\ 

ooMtltut ... • bench or t.errAoe 1 nd aloft tte ri.,.• whic h f lowa in e cha~l 

I ~ 

I n theYe.lle7 of t.he upper poP\lon o~ ua~pry J'f'eek there are elmll.r 
./ 

althou h l e as ~ ?'o!lli.l'V'ftt bench laDdl and &llo .. Mloll..,. ort1oDI at t.be S.becOIIIArl 



" Oha ... l \NMhlJ~«e 

a.r .. ~al\l.\loa Gt u. •atler 1 ... •• •••'*-• '' l• ....... , .. , 

••l•- •• \ble -~'"' la \bt s .. ~.,. ••ller .... '"• • •'-• ., lrraa 

"' •• tellewe 



Plate 7. A. San Pedro RiYer a. aile• below iedtacton, ahowlac lateral attlDC 

and 1rr1«ate4 bottomland, lookiac "P•t·reaaa 

B. lleequi te-ooYered bot tom lan4 2 1Dllea north ot Iledln«ton, lookiac 

up1tream. Cliffa of volcanic tuff upstream, ln Ute 41atuce. 





,., 

&.,.n.Kll1t.~• et ••mel \?enehl~(arre,o •\t.llll) la \he uU -Ulwe\1 

se'-... •a.• .. rl••·•ol.62.,P·542.1925· 

_-,. ebaalwl ea ~•a Pe•r• Rl"r •• •' pre,..eelftly t.•••rd .. , ••• \M 

,. ... 1~•*-" t.ht .. ,..,. tlrn r.,.• a\ \M m.a\h ot \he rlwr.aad 1892, 

.-n ,,. hi•• •wr tall •' t.treu~ \he beunduS.• et \M B ... llla• a..-. 
125 •le• .ap•tl'••· 1'- fteor et t.hla nl~J- lrl«laalll ........ hy 

••ten ~·· wlt.b ~ .... ef •t.t.o-d.aeh ..a .&1'-· c: l_. t.M aPPey o 

... out. a .,._, fenat. ot .... lw hu epruJI« ap./ 

~ . 

.,.. •• .. Pt.w 7, -~ - ·, f; . 

wt.\h wnleal ...._ *leta wre wl .. lllal u1 ... -..,,._ eulU••• n.u.. 
- )'I:J 7 

Pl ... • la 192) ... ..U t.e llllw ... ,. •• \Ill •,._1 •• ••II .. ' .._, la -

a ~ et- U. • 1 -ata.r ,._. lta ...,.-'111• 



~~~~~ 
,. 

'!'t. altlta .. et \he rt.wr ..__, at. the IIIWPra\lea.l a. .... , le • ._, 

'•210 ~o\ta\ tJw ot.rl••tea .._l\e 25 llll•• •-'"• l\ la ,.~ ~e\. 

At .,_ lfarp-• ~ lilt.• llelow 0,_..1•8\on \ht al\lta .. le ea.. '• '•~ 

~e\. At. t.t. .. elW a. .. R••lft«toll a5 ml~a hrtMr ·--- i' 18 2.83) 

teet..aftll a\ U. )lanl• et tJw san Petre wl\h \t. Gll•·" dle• t.rU.r 

a....ve-,,ht a1\ltute le lt910 fttet.. ,_ ,. .. t.lll ot \t-• t.ur poPUoll et 

tt. rtwr •*• bJ t.t. t.hNe 11e._Potlt ~-· ... U.ret .. l'·'· 16.7. 

1 a~ .... ZJ.7 fM\ ,. ,,. .u.. fhb •tMpenlftg ot , .. ~- dotmeV.• 

la cll,.Nn\ f'Wtam ,._ ll!ft•l•nt o.f _, rl"P eha ... 1a. lib lab .,. .. .,.. ln 

~ 'helr uppep ponleu ti•n ln t.t. 1.-r port.lo• ot t.Mlr •••••· The 

•wepenl~ of the ~ft•nt ale- \hi san Petro Rl••• hu p•dbly '"" a 

taet.or wbloh alde4 ttw .... ret ••pelll.- ef t.t. •"--1 attu \Nftll~ 

•• e\ar~tt. 



Plate 8. A. C~on of Arava1pa Creek at B1·andenburg raach; 

B. Valley of Babocomari BlYer, near Borne ranch, 5 ailee below Jldn. 
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Both ru.w perennial tt.w Ill\ \t.y beoome 

a lmoe\ "'"Y ln tt. latt.r poP\1ona of dry eeaaoae. n. 5Rn ~dro Rlwr uiiQallJ 

beo~ dry alonfl' portlone of l\e 1 •r OO&tr• dlarl~ \Nt clry 1 eaeoa •• lt1 

water 1• d1wrte4 lnto lr,.lp\lon cllt.obee. 

~ 
~he ~ner ·1 oharaot.er o~ tM lower portion of t.be oaDJOD of' ~rs?pa 

r/ 

C?eek la a~ho~\ 1.n · ta~ 6.A and tt. alddle po!"tloa of' Beboo-.rl Rlwr la abom 

ln Plat. 8.B. 

)2 ~r ~ fl1 

1'he area or the dr l~ beet.n ..... Peitr~ whloh 1• 5 allee DOr\h 

../ 

of the IaterDBt lon&l BoaDII111"J lo 991 ... are aile•• or whlob aboa\ 110 ...... 

\on to whlob pla• \he ~~~~~ e\a\loa •• lawr •••· A •• ,., Meer4 le 
) 

aleo _.allBbt. of 

G. 

Mpuaw a\~ tle• baa !IMn •1at.el•4 en A'l"aYlpa Creek. 'rt. aYalla•J. re•••• 
/\ 



?'rom reoor4• of ,,_ U.s. ol~~Ml rwy ( 
and 1a~r publlehed a.t.a) 

Ye.re ea41 S.p\.~ • 

l';agl n .... e\J!.tlons t ~•r .. ot.b Mar tratr'-* at. Cbarleat.on 
!Jralna ...... 

square mllea: 5.~f'J 1,5(X) 1.~ 
e,r. 

1 14 148,000 
1915 60.J.X) ll 

1916 "·3)0 1g17 90.3l0 
1918 z.~ 
1919 9,.~ 
193) .1.8)0 
1921 lOLOOO 
1922 56.~ 
1 25 lf1.200 
1924 25,5()0 
1~ 56.mo 
1926 122.000 
1~27 51.700 
1928 2),100 
19;9 54.100 
19~ "·~ 1951 611.900 
1952 ~.&:.'() 115,900 
19,~ 15,000 28.ZX> 

-eoord mleel~ ~o,. reo .19-50 and Jen.l-21. 

_ .,- .. awnot.h 
•t 'Jh8rlee\on 
At ?alOIIl e 

· ooftrl- teet • 
'.,.-laaa !.-tlnlm&lm 

19,4oo 0 

9.600 ' 4,700 

at. Pal l•• 
991 

51,000 
26.100 
1,.000 

The maximum recorde laobarge ot th San Pedro RlYer at 



., 
. un.-of'f ot Aranlpa ~reek 6 mllea • .,.,. lt.• aaeath. 

aur.su ply Paper-' 7J~ J. ) J? , I f 3 3. :-: 
· are mlle •. I #9 , -'}? , I 9 J 

rJaom "! . · . r,eol. !'fty 

~oP yeare nd1n e t.~. 

leoharge 1n 1 ''' ... oond-te t 
~.~ m .~1 • ......,~~ 
9.~ 2 

'!'he rna~ ~ reoorded ••••• 1 a• fJ'f dlaohar of rava1pa J l"e k 

• 3:>.000 eeoond-teet. on •\a .2,1919. 
/ 



• I') 

,, 

.·. 

A\(f , \</f: ) ' J• f 
Dri' C..rf t .I '• 
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Ollaate. 

l_..neee 
1fhlcb clearly eho• t ht Paln, .... .,.. 'M1e ralllfAll nrS.e alue\ 

\hst t.• ;»reolplu\loa at. t.wle ::prl~ and at f ort aran\ le •~wba\ t.low \hl• 

•r•l• Thle usay be 61• \o t.he f'attt \het \My t!tN eltuaw• ln opea •••• a\ 
/ . . : . t e~ ~t.t. r../. ) 

tt. • e t..Pft '-• of wlcle uplaftlle. A\ Canllle and at. O.a1ll" Ora• .... \h et 
~ J 

t4)-~ f~ 

wbloh 
1
a.Pfl oa the .r\hern •1.,. of •.aplaah 1 \M pree1pl \a\lon le •~11ha\ aNN 



•l\ltlllte ef 4aDO e.t ..e ._ •• '• ,. .... a •••• 11.- ,._,, ...... 

.... " · .. u.&tH ................. --· Ia \1111 fllllld. -. ... . 
. . f'eutt-1! II~ J. ':!:9 , .,_ ~ !Ill,.... ..................... - .. ..S,ltaU. ,,.. ,.. \8 ,. .... 

..... 

... ..... ••• , ............. .., -'" ... ~ phl••• -p\8 .~ nell 

tro : 
....U. ...,u.. tna ... IS.. •lie .._, r.tl. !M uplt ••t!lfatt ~Ute-., ... "' ..... 

1 lalllv• tilt •".._11& ef _....... .. Ia .. *" attM!ptt •" _.. at try 

.. , la ...... let ........ ., .., ,. •• -·· Ute ft ...... . · .. 
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...... IS fill 
I , .•. ...... • .,.. .......... .. ,., 

01 •• ,. ., .. 
' 

,, ... ,. . .. 
,.. ., .......................... q .-. ....... ., ..... -· .......... _, 

"-''• 
...... "' .. , ... ali I 

0 ..... • -.a . .. .. .. ' ,... ..... .. •• .., .. , ,. au -· PWt ftalrhrta ,. . .. .... IN ~' .. • ..... " ... ... ... ,... .. • 
~ ...... " 

.. , .... ,.. ,.. .. ' 



u la •U •l• "1'- till ..... er .... , ........... .., _. ...... , l8 

•'• u. hl,.n ... le•.t ........ tllli ....... tW ..... 1 .-u.. la till 

- ---
,.,. .. "-" ... •.e•llla. 

&~ U. Mla .V.• •• 18 .-•• .,-oa., at.w la ·~a •••'-• .. ,. 

UltN .. _,_. ... M\tea. .. a e .. w11:. ... bat ,. ... ,. h ••' ....... ~•18. 

~-., ... ,.. ............... .t\hla u.,.n !10 ,. .... •lui• .. , ... 

~ -·· ~~ ... --···- .......... . 
r. ......... , .~-- .. ~IM! 

ta- ,.._ • .._. wtua .. •*1111'- *" .. a f•• .. le ......... 



• ' ••• f J I i ~ .. It t ~ l f I 
I . ~ s ' ' l 1 G f I I : I l • • 
I i : : J i ! ! ; ! 1 I ; l : : I ! 
I I t • i I f ! r ~ = f 1 t ! f I , ! 
t: • t I I I i ~ ~ ' l c I I . i ! I • i . f • t; I I 
I I ~ = I i i ' i . f i f J ' I I 
I i f J I i i • i i ! 1~ I i a 1 ; i ; 

• I ~ f l ~ • f ( • l 
i f ; i • ! f ~ ~ • • • l I 4 I f I I i 1 t i \ ~ : I ' I ~ ~ ; ' 

• . f I c i ' . 1 I i I I I 1 . i • t s ' i ,i I 1 :- t .. I .. 
' E I ~ f ' i s I ! i i ! I ; ~ ( I 
• a 1 : r 1 :. • " • ; ~ 1 ~ • J • 
I ' # ~ ' t 1 I i . ~ I - I f ! I l I . ~ I ! !i ! i I f c f ~ 1 . I I 
~ 1 ' i ~ . , ~ ' r ~ J t 1 r I ~ 

"'! • " .. ' • .. .• - l " I . f l i: ,.~!!. ; t; •• I:: I 
r • -: ' . . ' • ~ .. • r I , • ' r , g ~ f • ~ ~ I w f • . ~ ~ ~ ~ : r ~ .. r • ~ ~ - l ~ 1 ~ ~ i t r • ~ t I 1 I ~ a • ' • • ~ I • I ~ [ 1 i 11 i 1 ~ I { ( i l j s I • . i 

1 i .,. ~ ~ ~ Jl r . i • .. ! • 



.. 
..... ..... •tw l• ,.. •• wttllt.• ... ._... oa.,..•a..e• la till IIIia._ 

\e llw -· .. ••* ...... .._.. U.N ....... al .,. .. \lee et •- Ml 

.u.r ,...., ...... 0. ......... --ala .1 ............. ,. ..... , ... 

-,h 
/ 1~, 

•'- _. • ...,.. 6#JO .._, • thla r...n •' ,.1~ fbi• !lie• ..,. .... wa 
~ / r c r /.' · j 0t . -.R f-,.~.f ~A 

..... •• ~alMW la u.~o•• •'• !taU..l ,.. .. la .... te •••••• 

•• ,. ,. ••lr ..,..,. •• ..,,. ........ 1 ... u. s.a ,. •• ~ t ..... , *• 
aldale ... 1- ._ l&ll ... .tr. I& ••• loeall:J NporHtl ,._, a t•• 



., ... la Ulll Nil... AD ....... 1 .......... .., .. ••aJ .... la \Ill ...,... 

1 .... '•" .. -1-'• -... wt •u 11111 ..... ~r'- t.111t *' • ft••• , .. " .. 
,. ........ !>Ol-• l ... \a la ............ , ....... '0 - ....... .... 
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carw.Ja .-.uJoa AIID tara ~D-MAU. ,..~ara. 

PedrO Y&U.J ooula& obletl.J ot gual&e,41allaM,aa4 ~. 

aa-;quar&al&e,ll .. •tODe,aDd &bale ot Caabr~ as-;l~a&oae ot 

4.P~~ 
DnODlaa ap;-.11 area• or rook• of -.rbolllteroua ap;MGctaMM 

~ 

tbe aore amolea& roo&a are tor &M aoa& par& oc.pu' &ad 

tee&. flae MYeral olaaMa ot rook &lid Uwlr approalaa&e tJdU.aaea 

aowalalu,are lla"ed ln &be tolloela& &alale. 



~ -* ,.,.loll• b 0. a.,.._ llftl' llula.aat'aard ... A'lMM. 
Ml ........ '•eftac ,..,...t... ' 

UuooDfondtJ 

Ouboattenu 
P_.qlftlllu 

fonado 1 ••to• 

................ 
pNpeftt.ea. 

Allal~eUt Md . ...... of \he 
t..... ftllenaD4 •-' .a 
lfllftl ot ..... 

ftO 
to-~ 

latull&el•lU. ..................... ,. _ 
atl•l~ .ws. 6fpUa 
........ 1~-..... 

· '~ lab Upc)alta of MDQ 
Glq, ..-l,crpelfaJOU ol .payel , 
M4 ....,___..( lla eoact-••), 
of the .,.,.r ftlle7 el4n. 

........ ..a ....... ,wttb tblD 
M4a of CfiCI ls.uto .. Jolllof17 OD 

the ••at al4e of \fbetdou aa4 
RUGIIIM lloaatdna. 

2 at a t o •ella. 

l'aftl7 eoa•lllat•4 
,OIOUW.........,_ 
lllcMa~l.._.e ... er 

1,000+ Wbtellla _._ •eett1:' ... 
, ....... ta-w. 
Ia ••••181 .._ t.poett5 
aN '" ts.e.,.s.~ '() 
Jie14 d 'en w;ppll e .S • 

~lYel7poi'OU 
nob wldA ... .. 
ooa~e .... DCl 

1, 000+ ...... -.,J.7 -.1) 
a •••• to.,.._ 
aal .. lla. 

Deaae 1 t.eatoae 200+ ,.... .... ~ JOC.b 
eo...S~ lt,tl• ............ 
ftte1a b ...... Ia neue.~ ..... ,. lt.noae, 

to,_ ,.... ot .-.-1 ot tbe 
.. w. ...... 300-400 

fiM ... S& 81 II II - ......... ..,.1 .,., •. 



C•Wlu 
v,.a.ws.. 
~lt.n. .. 

111• ...... ,,. 

Cambl'laa or Alpaklaa 
._ .. IIRP 

•' ·.. ~· 

~ .... -=,stallS.l._at••• 100100 

!'hiM l .... a of Wldte _....., .. 

(,.. ... , ...... to ..... 
......... ~u..Manla 
lt.Hkae ID t!Mt • aiDa Oil ltoth 
aldn of the .-thuD 'PUt of 
the ftll.. 1~ 

~•lte ,lt.ltOae,aal lbalea .all 
anea o11 u.. nua of ...aataa oil 
ao.u...t elu of the Yall~. 

Daltc al• eohlltiOOilltl~el a laqe 
pan of tbe Sallta Catalla ~ •• .moat ot 
tbe ~~lite. ,.at -.11 ponloae ot 
the Little Dr81110a,Dftpoa,MQ1e,aa4 
Wbet•to• Vte. 1,000+ 

Ipeoue nobl 

Voloaslo root. OOillletlQI of ~llte, 
bal&l,.hff,aeh,MI -al-rate. 

Iatnal•• Nob ,et palte ,41orlte ,Md po....,.,. 
Glalte,41PaH aa4 other OJ7da\llae 
1Mb. 

!he fJIIpellW 
1500+ •tel'lalo - l)Oit u~ 

awlaftod ...... 
fe,._u.Ple 
8IWII4 ... .,. 

l,OQ) ,... ... ..... 
JMbwlaSC ta 
... pl .... --lH 

1 ,000+ lt.t'l• ... ..,ltu, 
Wbeft _....1F ,.,_ -
~ ...... 
aftoN , •• 
• • •• ··- --..a ,· .. 
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la 

Pre-Ter~: rooks. 

On ~he eaat lde ot the YalleJ the Santa Tereaa aDd Plnaleno 

Mounta1na cona1at ch1etly or granlt and 5ch1•t,a1Lhough there are 

o e later o rooks tn the southern portion or ~he latter 

mounta~.In the lower part ot the canyon or AraYa1Pa Creek there are 

areas at ancient diabase. The borthern part or the Little Dragoon 

oun 1n3 oonaist ot schist overlain by Carboniferous &nd Devonian 

l1mestones.The southern p~t ot these mount \ 1nS ts at granite,whloh 

oxtenda southward and forms _ lare5e ~t ot the Dragoon !4ountalna, 

to0eth r ith Devonian limestone and intruded granite porphyry.Jn the 

central part of the mountains these older tormatton~ are ln part 

oYerlain by Lower Cretaceous sandstone and shale. The Tombstone Hilla 

are at Carbonifero s and Devonian rocks,1ntruded by Cretaceous granite ~ 

nd ov rl&1n by rem.na.nte at CreLaceoua atrat.a. Aocordlng to Ranaoae 

_/ 

1uoted 'Darton,the rocks ln the Tombatone d1atr1ct oonalat ot 

.....;' Darton,N.H.,Gu1d.ebook ot the western United Statea Part F1The Southern 

Pac1f1c linea New Drle na to L03 Angeles:u.s.Geol.Survey Bul1.84o, 

at 440 teet of ~olsa quartzite and 70 teet at AbrlSP 

limestone. :·ext above are 340 teet ot llti.rtln llmeatone,oO ~ teet of 

Eaoabraaa limestone (Y1salas1ppian), nd a,oo · tD ~,oo~ teet ot co 

lime . tone (Penn ylY&nlan and P ralan).There 1a m~oh faulting. 



53& 

At Lewla Sprln and at lnterYals northward porp~ la xpoaed 

slong the Y&lley bo~toa,prob&bly along ~be creat ot a bQrled rldge 

that extends tram the Tombstone area. 

The Mule ountaln consist ot a core at ~nlte &Dd schlst,•lth 

Carboniferous and older limestones and quartzltea on the western slde. 

On the western slde or the valley the Tortilla »ountalna 1n the 

aorth are ot granlte,wlth a band or Cambrian and Algontlan rooks along 

thelr east border and some Cre~aceoaa yolcanlo rocka ln the southern 

end of the mountalns, The 



lS..ne• alii .-tt\dte. -n. 'lMoa lleuat.dM ooMlat. -'-•' • t lJ ef a.Ut. 

,¢tc-~k ... ! 
PaP\MP ·~~~~ ~ wt.ta•• Mauatai• oo•l•\ of grald.t.e la U. _.u.ra ~ · 

/ 

-.unttt!!!a. I a \t. .... \ant! •t ust.!llM tbt '!artla lS..eto•, et oe...s.aa ••, forM 

oere ot RPaalW la expc;aed bo•••• lB • peea ••r tJw •••' eD4 er \be bllle. 

I 

laln ln put. ~ \ht aDO'-a\ •en ... -..., r..a. aa1 ..... ,_ aiWl •bele •f ;_ ·. : ... . ..; ~ 

, .. 
Creta••• a• tona ."- •••ra 11.. ef' ,._ -MaiM· 



w • .st· 

....... 

t . 

.. , . , 

I 

•. ., 
ng11re 3. Sketch aecUon ......,.IIi.,....- Hlatlon of ' ·.· 

depo•lt• 1D Sa 1teclro Vall.,.. (j.fter i-.... 

t • • 

... . . - . 

' ... 

. .. 

ua the !ef't~ .-d ·tater 
a 0, ft•.lt.• T.~. •d. !irk Beyab). 

. . 
I • 



!er\W, .... ._, ..... lt.at. 

!bo ~·•w- pert, ot' U. leer el.,.l ot s .. Pttlre Valle, l• •.._Ida ., 

.. de \o the 

i'l~N '• ·~ o.rll~at rar\l.,.y depoai\1 ... t.o oo111lat. of ••• aM 1.•-• 
,\ m,J,. ~, ~•o•• •ft\ton fibn"~ nr ~weeP11l ,._, l~t.loB of tt. ... Poelt 
aad \lit ~P\l.., tdlll tate,. •e.,oel t.e ln San reclro i•ll.er. 

ef ao•"" een,leatt~~tW ~loh •~• .-ct ~ Gllt.rt tbP Oll• •••1.-raw fP• 

v 
t.hltt.~ prolll~M ·~••"• lft \hit o'.l• tflwr ~.1-.,. 

~o•ll,J.1P. D.S.fJeei.&IIPw,. w • .ua *tt.Re,~·••l·' ~olog 1175 

Part 5 'leol•~ of per\lo• ef !ttw .. 1d. .. u4 btl•• osplor•• ia 

tm.-5 by ~ .l.ntl..,.,. pp.!I05-!J42 (~ ... l,,ten et Blla • .._'-••• 

•• pp~l). 

../ 

Pedro ~all., b~a.e '"a ..... lt.l lty Ra- tlbo ooMIMN41 1\ teat.Uwb to • 

./ 

or Pt.llf"•ewne ·~· ....__ ... -w..• , .. Oll.a Mllll-••tlt te .. • 



\4e .. ~+r1" ~ .../ 
dle\lM\ fer•tleft Q .... P1y1nr, n ....... Wnidlt"de,:oal\8 .. , Knt&-.l e.f'Vr .. ~. .. 

d.Lta ·, t1 
•re ~r·IW •••t.•• la tJII •- rer iGa •e•tMP•• tlla\ U. .... or G1la 

•oftl!.lawrt- tatePft•• wl"' ani .. -.. late,.ral p11rt. of a \ hJ.M •rlf's ,, 

11i "- 1 are.,~as+i" part, of upf&r Flioe.tne. ~~~. 
•'"• •114 1* .. P••lte~ K•..._l ... l»w• ho•wP \blat. la .,. ;pl"eca t~re 

~ t\e ••eeclatp• ~d•~ 
/ 

... R...--.P.t,.~s.oeel.Sa••r ,aeel.A\1 .. ,~., ra.lt.e (Ne.217) pp.l~ an-J 14, 
1~~. 

~ ~v ~ 
~Ch118antll•a,A.T., n"o .O'-Y an&l at.P.r Heeoar•• o r \hi Glle aDd S•u \;arloe 

••U.,I la t.lW san Oar lea I Dili&D ile• .. •"'ioa.Arlaona. u .a .Geol.SGPftJ 

"aWP ~pJtly ?~p Jeo.tt,.2 .~ PP~•11 P.~ , 1; 21. 
-..~· ~ ·~ (l·".,.:t~A fl-a.~ . .L~ "' ~"~· ~ ( d:t. 

~a.eht.el.r.f . t.~ •• Oeeleg and t·a\er He•o.ar•e or (~w vila and San si..a J 

"' 
i' ~·P~J ~ (-\, !-:~~~*'Pa\ltnt). · - - , / · 

I . 
) /' 

Pr>J..!- .Sf, ().. ,-.~4- ~·. ~ ~ t..t. . 
l'Geal.l '-•• fit •a-.ona .n4 other lR,.~ -.-.1• tuld alefl of e-.1~&-

~ ( 
I 

amal• haw liNn fould 1n tM .. po~l\8 lD \he San ~bo Valley and lclell\lf/ 

, .. J. ' -· 'Y 

_...... a• tiel~ et I'll-• .... A\ tl" ~l~•• 1a the San Pttbo ValWJ •ob 
/\ 

Gl•lef 
fol&t.le .,. fwa4 " 9PJ .. ft llft&l Ql.'llr' and t.~ •wrlal hal Mell .. MPlM. lG 

\wo publ1~at1~ ., \~ latttr • 
. Oi:!Ie1 -

&Wwt.J.w. Pw-eltal...,., reper\ •• f8•ell ........... •t t.M saa Pecbte 
19e , 

~n.lle~,1.71:. u.s.o.,\. :1u,...., l'P~f •. D,_,.,. l'l pp.l19-l,l.~ J 

~•••11 J)PO.._l._ aDA Fclea\ata ef SaD Pebo 9a!.l•y Arlae U.S.Geol. 
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Roaa obaened lll the Araw.lpa 41a&rlo' &ll&ed aedlMn&u7 

-l Roaa,c.P.,Geolog ADd on 4epoal'a ot &.be &nalpa iii 

8t.anle7 mlnlD& 41avlo&a,Gftbaa COWl,J'1 Arla.,u.s.Geol. 

SurYe~ B*ll.7531pp.li-30,lg~6 ----- ·- - -·-· ·- ·- -------·- ·- - .. - -

'0 be Of Jllooene ( t) aae • ~re la aD. &D&\llar WIIDGDfonal tJ 

bet•een t.hea; aod t.be cwerlJlQS ne&rlJ borl~ontal be<U ot t.be 

-' 
Glla coll6lomerate. Moore baa ~~appe4 "'·lt.ed aedlHD'-r7 becU 

--- --- ti -- ------
_.J lloore,Bernard~Ye&w8eel.8alwe,,ac_.,.,lee,Yaoaaa lalla '"• 

/{ . , 
.... a;Wa •••a)- c:r 'i J C, (I t'l1 Iii :.1 11 I C Q t' I () (\ 

wbloh 
along the Pantano 'k•h, •••t. o.t 'he San Pedro Valle7, It la 
he co~ldera to be of Mlooene age. It. la 

po•alble that ~e tllt.ed beda ~long the Babocomarl RlYer, 

that. haYe been oonaldered to be a part ot the Gllr~ conaloaerate 

tor mat.!on,may also be ot earller aeologlo age t.ban the JK - - - -
congloaerat.e. 



I e IW• 



,wPtle.PJ nlhal• re••· 
Dlw1111 ._ .. ..., ,._ .._.. ... ee..tlltr••t~ ftt.•Jil• .. t .. oft la t.hl• r.c1•• 

Ct. 
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ef \lit ftllltr •• lldfde Rlll tiiiN ., " • ··• tur~ .,.. ·~l ••~ lnt8P ....... 
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tt.• \Ill ••te•l~at or *t lealeaa .. ~,lle la &UJ, u. .. ,,1••• •' 

su ,..,. Rl••• •• _..-. et .... ••• ... ., ,._ •a- ..-•-•· u. s.a 
'I~ 

~.,_l .. 1 Yalt. e.Uadl~ ~- \M ,.. •• lleNfWd \e ...... lpl•• ani..,., 
~ . 

. · ~ 
II •-· lira aa1 u. lea .r.aa .. a.. .... tu .. , tc ... a.~ •IIIIP•lag. , \ta• 1 .... •' 

rk.~orac.ib ~ ~#r • 

,,. ..... _,,., ,_ 0 ... ~., ........ t• ..... , 14 ..... .-... «"•• lll 
/~ 

/f.k . 'tw Yal tey •!, la ...... l MlWP lMIIa•• •• , If \he Yeller la~ aloJaR tha' IV••• 

~till .... lel\lea et .. ,..._, 1 .... --.flr t.blt• \Ill,.,...._ et ..._ •••••• ... 
ta .,,. \he \w ..-.doll« till laD,..,. Rlftr..Mit •-l .. ra•le la .. ea 

~ . 
,,_ .. J-IIM ll8fel WN ....... 'r tilt .... lllu Lalit ... 0.,, .. Oa•UI'• 
,.. ............ h ..... ,.te • .., ..... a. ...... , c.,, .. o.., ... . 
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O~~r. of the ••llcot ln'l .. \lea tltebee.f•••V.•tt• •• \bat *'* 

...... fl_.l haw •••ct tht ..... hao ••• to ooM\Nit a .... b and .... 

la ..... , ,. ... MO t.WWP N ... Nt tltft .. lt •)W 4lftraloll of-·· bJ \blo 

.. oo..,lllhot. 

B-.ulllao tl\8he 

ta t.ht a.tt.n ,art of tht Be•llllal ...... • •••l••••to •••• of' 

' lll.t•• .-. ..,.. !'alPMIL l'or ...... 1 pere p•l•• \o 1"' boWft• \hi 

aha-1 ...... ,1, ....... tilt aertte~ tlla\ ••U .. \b •l ••"•• 

9\eO..W «l\llae ~ 

Ia ~ a •• ld.\1 .l\lh wal tlall' ., \Ill •1•19 ot S\eO.W 

•••' .U..et U. •U•, la \ht wlold\J et 8\.o.t.t. Ia .,,. \biN .. ••• 

~(}rl 
&19111\l• ,._\hie «ltela ._, lciW ... e _, et tlld.ola .... , ••• rl alfalfa 



dl 

.-..w.. ~"'-l'r '-• .............. la ... ,1111 U. •l•b la .,. •• ,l .. 

-" .. •••tr 
.. __ •• ••••lea ._ tltlleh le ,_,11 •' ~lull_ ... ,, ..... tte~••bl• 

., •• ,, ... with ...... u. ..... ,... ............. , .... ,1, ...... . 

( 
' ' . 
\ 

Ia .,...,l ... _.,,lea ... la •- ••- et lew atlt .a&••W••"•­
,,~, 

•dt•• .. ,.. '"" .,_... ta.JNP u. .,. .. ,, ...... •" ...,..,.. IW r~e ... 

Ia .,_ tllll U\lla .... •' ,., ...... ,. ....... till .......... alfalfa ft8W1 

,._•lr IHlfl!ltltl ., l\ .... , ..... e\lW • ............ 
"- -.~. ·-· .,Uia, ............. -~~~- ···p•l• ., , ..... la 

..... ,,.a. ., -- ., .... ............ ·-· ,. _,. tltela .... . 



t• ••t. eW. ot ,. ?lwr. 

llpor 4l"M•: 

Dutlag t.be earl1 1•r• at ae&tl•nt. of t.he Yalle7 laelow BeD8Cil 

n\llleroaa dl&obea ••re ooDatruot.ect on bo&h alct.a of tJle rlwer ao 
wa&er ... 11 tlel4a, blt. the 4eepealD' ot Ule l'lwer obenMl "ndend 

••t .as c'!tQlqc A• til'. •t. Of thea lDOpeft&lY•.Jn liU Olll7 & few .... lD uae. 

taJc1n w!lteP f!-oa .. he rlwr. Tt. .. epenlnr, of dll PlWP ilii&Dl la ttstw peP\li& 

:fble per t.loa or t.he riwr ohannll elnoe 192D be.1 r oct.aoe• t.he •ffloleDOJ ot \bb 

\blrd 411\eb ....... fteltl• • \M •n r-b 11leJ.w.,.. a touPth 41\oh 1rPl at.ea 

p .. \loa of \t. Plwr le aa lu •••••n •We ~ \M .~.-..- •'• agal•t U. 
I 

,..,. an tt. ••' •1.. t 1\• eha .. l1 <'- P1.6 a.) 



l'late 9· •· Field• near Poaerene, lrrlaated in ~rt froa tlowlac· arteelu velle. 

Beneon and the Whetetoae lite. ln the di1taoe; 

B. San ledro Taller near lleclington. ahowtag lrrtaate4 laa4. Gall"uo 

IIOUDtaine ln the dietuce. 





,. .. a -u 4l\ob hlta.Uag •• \he poaf'noe. 'l'hle port.loll o \hit rlftl' oha-1 

,,11» 
we.• tiMpenet! •wrel ,..., '' tloMe la UIF aal n••t.ne,lea et t.be .l .. h •• 

/ 

ater 
ho•ftr ~om ep!~ln~ OP rlftr uft41ertlow 

ll 
which COID&t t.o t he .utaoe ln t.t. 

ohet1111l altout. 1'10 yard• abOYe the head or the dlt.oh. 

~ the Be.ylloe ranob at ne•l tea about 60 ....... or altalta 11 •wnd 

(~..R_. ~t4 
llee doWMt1'eaa another t1el4 ,1 bot.\oa laad...f whhb le 

. , t 
- J. J , ,. . , 

l lf ~. ,, 

tho.,-n i n P lttW 9 B k 
. ~ ' I 

On U.. ••t elde of' ~he rl.er he hot.\om land on the ~ao ton r aooh 1 

or rly 1rrl ste4 •lth dlt.oh ter but. the outt.ln , of' \he rl•r banka ln 19a 

rendered t.be dltoh Ulllta~t.. n \he 111• r noh n tbe eaet elde or t, •all y 

alfalfa 

am on t he lark ranoh •.-r Rlfli~Bet.h b t 3) aoree •• un er 1Prl t.loa by c!l tob 

dry or .-.-1, .. for eewr 1 allee t.low eth clurln the p er1o4e of great.ee\ 

()-

lrrl \loa. lltln tt. .ut.h et ra~a p re•t ._._ ooawlderab~ uDierf·l" 
/ 

resp art la t he rtwr oh ... l. Irr1 tloa on t.hl ranoh or lllt.h Bre\bere 
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· a& fOJIIIIr rel'•aa poa& ottloe,l• uoQIIpll.U4 )W .. o...ala'la& &U rlwr 

mlle aloaa lbe border ot the rlYer lowl&Dd,wl~ a &o&al 4l .. ~se or 

perbapa 100 gallou a. mlmlte.l& perloda ot about, &wo wee&a,wbell a 

8\lttlolezat. amount ot water baa aooWIUlatetl t.o glYe t.hs ••••ar1 bead 

aorea ot bottom l&nd,on hloh wheat haa been grown. 

About o mtlea below Smlth Brothers' ranch a dltoh lt.m-lpttea 160 

aorea ·or altalt~ and orchard on the ranch ot Yr. llea R&J,n•ar the 

mo~th ot the yall•1.the narrow areaa ot bo&toa laad on the weat alde ot 

the rlver n.ar lts · cuth have been •o ex,eDalwel3 out awa1 a1Doe 1~a 

tbat llt&le oultlYated land remalne4 ln 1034. 

Along AraYalpa creek aDd the Baboooaarl RlYer,•hloh are the &wo 

ot each atre&G la f&ll1 uaed tor lrrlgatlon.On the lower· oo~•• ot the 

torur stream 'aee Pl.B,A) ,aJ~all orobarda aa4 gardena on 13 ranohea are 

lrrlgated,&Dd the entlre dlaoh&rge at &be mou&h ot the canyon ta dlwerted · 

onto alfalfa tlelds,ao that the atre obanuel la nor.all1 4r,J •bere lt 

Jolna tbe San Pedro Rlwer. 



66 

lld h8J (•• Pl. 8 B). 'l'be lo•• poP\lnn ot \be rlwr tetar• le t.hrou h a ea19ea 

i" whloh \ ... le • ~ltlft''- la .... 

heel .. 
d _.... 1 \a lo•• oour• '-• lrrl tlen of tle lde or mal• and Johneon gra111 

but \bt uaoertalatJ or tht' eupply rendered tlw project. una coeeeful. 



'Plate 10. .A.. Dama1 te on San Pedro B1••r near Charleaton, lookiac upatre•. Bronco 

Bill in the cl1atanae, 

B. San Pedro V alle7 n••r Paloa1naa, ahowiq lOll& arteaian alope of the. 

'ftlley side a. Huachuca Mount dna in the dl•tanoe. 
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/ ·-

Irr1gat.1on ln the San clro Valley b~ f the nat ral tlow of the r1yer J 

"l th no provlelon f'or ltOPa 7 hal prcwen lUll tletao\ory NGauee or . he great 

ee eoftt!l nd 1 ar 1 n.rl t.loD ln the dleohar • ht" 11'"rl \lon of' l&nde t pee ee nt 

cultlY ted would b r~ ndere4 muoh more oertaln 1 ~ etore were p . oYided~and lt 

would ~lao be poeeihle to lrrl~ ._, atoh 1 r r o,-e ~ , 1 ~ ·~he f' lood w tor oou ld 

be oonaerv d. About o quarter of a mtle north of Uhor 1 eton a lroad et tion 

he r1.Yer enter• a or~ ; an f' or h 1 lle pne o flO n ateep 1 pee or 

---.r n1 tlo porpbJry hloh o fer p o od d "'r •1M a. a choTm in ~· 1 te lO ·. • he 

-/ 

pro38ot wae ex 1r.e in 190' by the ;:nited " t tee tteola tlon ''e!"v1ce. 

•. · • cl. · rvtc )d 
and 1!)7-170. 1~5 . 

ept. ,. 190~4, .n t .ro r r oj ot, pp . 6l-62 

o ne rue 1 .t 0 v r bed t ei te 1,500 r et 

•Jr t h u"" vh rl e ~ n woul p ovlde 60,2,S acre - et. o tor!\ . 1 t nt t p l l8 

prov\ .. -, t -:·~1 t n wn oo r oul '1 r oh n 1 nd 

t ~ out ~ 11 1e e be lo tho d . b·, nn o (' ll a 'tlr'J d1.ere1on 1r nd c rl d 

i n oe 1 6:.r 1le a ~ .. or 1etr1but1on bet n. he oons t~uo . 1 on oJl neceee1t te 

tJe robu1ld1n . of bou . 92 &U •• o ttw J ::uthern olflo 
(V_f! · l 

11...,.. "' .ich aaea 

thr~ h the ~or and r e noir elte at ooat e et1 we! .t nt rly ,125 , 000 . 

P'"el in ry e s t t.e o he co t h11 1"0 0 a e f' ollona 



PNlilll_.J ••''-" et ••' ef ~taa P••• •••JI•'• Arlae 

?etal •n •' etePafJI ..._ ... ,., ••lllte ....... --. 
...... S. IOite 

In 1911 •wPa1 teet. hel•• ••• :1tl.l'-• la \,. P1WP oha-1 Rt. t~ 45« elY J 

~ 
ancl "\hi .. ,u. to ... Peo~ ,.. .. '• ..... 'baa, tNt.. Ia &92B , .. Plllt« 

ttat.loa •• .,.d ~ , .. •• llte aad •••,..••• ••• ooat.illlecl u•• a -



<.: --- -·- ---· .. . 

•ln \M da •lw t• pro .. bly \oo eall to )aet.tty a r••"olr at. \hll plaeiJ 

. f. .ck 
la•1e1 l\ • · l d llaYe ooMlcllralt~ waW. t• l rrlp.\loa an4 t-Alee t• ~~ 

, .. Re4t..-. ..-h _. er ..... .- 1 ov.r ...... flit •••al allee u,Jve• 

t••llea 
..a lei Ill •'-•1t4 'r till •tl .. et • "•"•ll' at \bll elte. Al\beup 

•••JiftS.. el• •' TM ,_ .... , \Ill .......... Ia le ,ro ... Jr •t • •&U.WI 

-. ..... a eoul4enttle aoreaa• or o.al,la'e4 laDI we\ll4 be 

.. 



OS.la ftlftr •'-' 25 rdt.a •'-" rl ... t.a. a..1ac• ... • .... U. ••• 1.8-' , ... _ ....... , 
..... tDr lPrl~\l• on lllala lata. Oil• '•U:•r ef \Ill Ilia fal .. ,, . 

• 
.... d t.r lrrlgatloa. Fer t.hla ,.., •• •-'•'~ of the low• laa ,..,. 
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lltllla • •• , .. - • ._. .._ .,.... ,., •' u. u.. .. ller ia u. 
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Sb.llow grll1.. •' • ot t.aner YalleJ• 

~gly •• ..,,b. 

lllaPlJ ~11 thl laa4 ot \he upper elope• ot- the • 11 7 1• ~ o 1\oay ar 

tt. ooa\1 o,. puapl~ it ,. .. 1 .. r1ga\loD weuld t. problbl\ln. In ooulcterl \he 

\oPI to be oonaldere• are thoee of the •••llable eupply and t.hl dep\b to • r. 

'rhe • llt 'hat hJtye en drllled ln bt bottom landl p•••4 throu .h the uppe:r 

ahallow ter o n4l\loM. llag wll1 an aallk only a ~ teet beloe tbl voun4 

ter lewl and alnoe l'llaPly all o..- t~m are clrawn upoa only to cl 1\lo and 

eteok •ppllel theJ alto h •e a forded 11 t.t1e lnfor•tlon •• to \ht oapael \J ot 

hae thlf\84 l'• .._.1 •ok aftd forth ••••• \t. bo\\om laadl aDd \ha\ cha .. lt 

efl IPtlftl ........ leal ... pNI a\ ~Pled •••th \t. la~r potl\1 ot lil\J 

[ 
..-. la tty 1U. •'"- pr• blJ ooat.ala OOIIP ra\lftlJ laPp n\1\lea et D4 

·J'uat where aaoh obaDDela are, 

_ ... tlllltllltr Mltllct•tt'lr .,_......,.tali.la .. t.1ll' ••l~taa h •••" 



oa' 
Aa \be YalleJ allutlua l• lD .., 

/f Jla•• eal 2) \e !k) feet tbllll: ,.. plllllfl 

Mt M M YJ• I\ la alao trnhllle \bat ln • 



Pmlplg p laat•. 

Oa \he 61K aal drllle4 wlle ,._,ou._t. \he ••1~1 \ •• ••• r. 4o•d 

·AT/~~~~ 
a\ Blellee J •\loa Slbfl, and lw te\eM then ...... , we 118~ U.. ~~ ef! ~t1~n 

?he larp•t pallpltlY plan\ tor ••• .applJ 11 \bat •u Jiaoe, equipped w1\b 

pewertu 1 pup• 11hloh ~Pnleh a a.an1e1.pal••• IUpplJ t.o Bl•'", 7 aile e dletal\\ 

who wr l• u 4 tor lPPl a ·en le \ha\ at 

ll ....-• •aFl ooat.laaaoullJ• 1'be w· ter 11 eolleote 1n an eaP\bla 

,...l_ l\ hae '" u•4 r .. lPPlp\l alfalfa ... eera 

l:n 1~ •'*'' 6 S""V ... •" under lrrl a\1-. • .,,,._ ... .,.,.1 a •'••• ef 

•"••* .. , 1•• ...... "'•• tllll • •••••Lat lilt Ill ..... 



aa4 •a\rlfta~ 1 pu... ftlll ••• lMtallecl "" a blll•• wll la wbleh e•w•laa 
' 

.._.. ••• \o wl\hln 10 fM\ ot \M _., ••• The b••• 1lbla ,...lag~ oalJ 

et "11\abl • • under lrrlga l lD ISJ,. ln par\ wlt.h •• ,..... froa • lballow 

'fta••• lrrlsawd • tew aoNe ot .... wl\h a -11 1 ~ •Jill• •xtllarJ \e , 

J.e a~ ~ • puplJII plant 
I 

1-..S 3-~t 
to•l•U~ et .._._ •• , ... Palltl=*• ••••• .. 11 .......... ND\rlfallll pup 

A. . 

... t•\alled taut •• aDd u•• t• eeftral ,. .. , \o ,... ••• r. a a b1U•• 

•• • .,.... with till •• et •luh •tt• tr• \he rlwtt. 



se 

!he tollow1ng dl10ua•ton ot wella aa4 puaplas equl~a& for 

lrrlsat.lon 1a baaed ohlefl7 on •'u4l•• &Dd a••nat.lona or 

lrrlsatlon praot.loe ln ot.ber part.• of &rlaoaa whloh haYe ooDCllt.lona 

alall&r to the san PedN ValleJ,&Dd on whloh aneral papera b&Ye 

been publlahe4. 

coa or pumplag;UD1 .Ar1s.&sr.lxp.s~.BUll.74, 
prloe .~uallt.J 

(! ~ , r !,.··~ ;!he aappl,., t.be W#f.1f-t,&a4 t.be ,, __ 

ot fuel olla tor pwap lrrlgat.loo;UnlY.Arla.&sr.Bxp.sta.a.all.gJ, 

Smlt.h,G.K.P.,Mot.or drlYen lrrlgat.lon pumplag plant• &Dd the eleo­

t.rlcal 4le,rlot;UnlY.&r1z.Agr.IXp.SL&.!Ull.gg,1i94 : Uae &Dd waate 

o: lrrlsat.1GD wat,er;unlY.&rlz.Agr.Bxp.B'-.BQll.10l,lg25. 
- - ... ---· - .. .... .... - - -- -

The tollo•lng atatement.a are taken from the Bu.lletln b)' Proteasor 

Slllth on lrrlgat.lon pumpl~ plant.a: 
- -- -- - 4- • - ··- ~ - .. 
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Dug wella are ~he ao•L oo .. oD.Jor ~at.lo ~ppllea ~~ are 

alaple aad obeap, but. tor lrrlp,lon aupplle• requlrlas larp Jlel4a, 

ttbelr u•e la re•w!ot.ed t.o looallt.lea eben &he •at.er &Able l• at 

aballow 4ept.ha aDd excellent, sr&Yels exl•t. Ju•' below t.he waMr 

~ble,balaplea of tJw•• ooDdlt.lou are tOWid ln &be Rllllt.o aD4 

San &a crus Yall•7•• Well 41831116 la eaa7 aboYe t.be . wat.er '-'Dl• oD17. 

!be beat method ot ext,endlag a dug well to a cona14e~ble depth belo• 

Ule wat.er le~el 1• b7 aeana ot a he&YJ r lDtoroed-oODOret.e oalaaon 

ow-b, bW.lt. between torma,&Dd s\IDlt b1 excant.lng wlthln l t and 

Wld.erainlDg l,.The ourb should be th1ak and heayY,wlth •oo\h 

ext.erlar.rt. ahould haYe a beYeled out.tlug e~,&Dd ln aoa~ la.t.anoea 

lt. la de•lra.ble that the cut.tlDg edge be .ahod wlt.b an aagle-lron 

ahoe •• oentrltugal pump,lnstall&d ln or OYer the well,ls use4 to keep 

t.he n'er 1 el down ao that woroen oan esoan'e ln the bot.toa,&Dd 

care ls exerolsed to keep the curb ln a ~ert.loal po•lt.lon aa lt. 

aet.tlea downward. • • .r-JA coa'blnat.lon 4ug and 4rllle4 well perml t-a 
- - __.-/ 

ot plaolng a dlreot-conneoted bo lzonLal oenlrltqgal pump &Dd aot.or 

oloae t.o the wat.er t.a.ble,whlle at. t.he Mile tlae the wat.er auppl7 oan 

he dl"awn troa deep a~rata.rn thla a&M t.he d\16 well ahould be exoaY• 

ated flratelt. ahould be olro~lar,wlLb a ooaoret.e ourb.K~t. or t.en 

teet lD dept.h &bould be exoaY&t.e4 &D4 ~bed,t.hen another •lallar 

aeot.lon,an4 ao on t.o t.he water level. • • • 

Jt la hlghlJ de•l~ble to lbat.all 3Gae aort ot a puap aa4 make a 

real pgmplng teat ot a well,before parobaalns a puap and aot.or tor 

pe~ent lnstallatlon.?or the ~~rpoae ot the \est,Lhe pump n e4 aot. 

be ettloleat nor ot tbe alze dealred.!he teat. ooa.lat.a ln det.eralnlag 

·&.he 7leld of t.ht-t well ln gallou per almlt.e aDd 'be oorreapoDdla& 

4owadraw ot tha wa~ leYel ft.er seyeral boura pumplng.!he 1leld la 

., 

• I 
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proportloA&l to the drawdown,proylde4 t.he wat.er-.bearlDS awa&a are 

not unocwered b7 the drawdown.Tmaa, lt the teat shows s 7leld '-ZJf «500 

gallona & almat.e wl t.h 1n teet at drawdown, the well wlll Jlel4 approa­

laatelJ tao salloa. & mluute wlth ao teet of drawdowu •••• 

'fhe at.talDHnt. ot hlgh ettlolenolea ln the operat.lon ot oentrlt­

upl aDd Yertloal turbine pWllpa depend• l1POn wbet.her t.he pwaps are 

operated UD4er the oondltlona tor whloh tbe7 are dealgDed, tbat la, 
~ 

w1th the proper dlaobarge llft.!he dlaoharge la ot sreat.er lapor~. 
A . 

tut. 'he proper dlsabarse ot a cent.rltugal pwap Yarle• 50Mwhat. wlth 

lbe ll~t.rt a pump ls speeded so that lt 4el1Yera mare or lea~ water 

t.b&n that. tor whloh lt la dealped, the ettloleno1 wlll be lower, 

ott. t~•• muoh lo•er,th&n that named ln the guarantee.~be proper 

•peed tor a glven set of conditions should be obtained trom 'he 

aanutacturera. • • • 
'J'be laok or •Y~~JHtrr or many pwaplng plant.a now ln u•e ls ao great 

t.hat lt would be real economy to re-~ealgn thn and aake tJle neoeaa&ry 

ob&Dgea.The moat oaaon mlatlt la a large UD4er•pee4e4 pwap operating 

at low ettloleDOJ~Some~l .. a ~· pump la aet 'oo blgh,or la ••t on 

lnae~ure to~tlons whloh per.alt at auoh Ylbratlon.Bel&a are often 

aubJeot~ to t.he weather.aDd ln too .aa, o ae the whole plan' la 

out-ot-cloor8.FrequentlJ plPlDS l• t.oo .-all;aoaetlaea lt termlnat.ea 

••••ral fee&. aboY.e the ~~~nd,orea\lng an uaneoea.ary lltt.. • • Jn 

aoae oaa•• aot.ora or eJ18lnea are t,oo large.& purob&Hr abauld obtaln 

tba beat &dY1oe a.allable to hlm aa4 3hould haYe hla det.a1le4 p~ 

thor~lJ matured before plaelng sn order tor & pumplng pl~nt •••• 

ot t.he Y&rl0\18 t.JP•• ot pwapa, t.be oen&.rltupl pump baa been ao8 t, 

u .. d tor lrrlsatlon ~Plng.Centrltugal puapa are adapted to ~a­

beada or water,t.heJ ooat, the leaa& aD4 are aubJ"' ~ the t••••' 



sea 
~ubles and 1nterru?t1on:s to aervloe.Jt the bearlnas are lutrloa'-4 

Properly and the wat.er 1s tree rrom atlckn and t;Vl\, theJ l&at, alaoat 

lndeflnlt.el.J. 

Cent.rltugal pW&pa are bllllt either wlth a abort. borlzOGkl 8hatt or 

wlth a loas wert.loal abaft reachlaa t4 the groua4 ~taoe.Tbeae two 

klDda are reoosnlzed aa two dlatlDot t7pea,tbough tbe aotlon of the 

rotating lllpeller la the same ln both cas••· • • • 
~he puQp &bould be aet. aa eloae ~o the wat.•r lewel aa poaalble,ao s• 

to reduce 'he auotlon lltt.The poa5lbl• auo~lon 11ft 4epe~ upon the 

atmoapbe~lc preaaare,whlch decreases a~ the altltade lDo~•••·~• 

Praotlcal auotlon 11ft t~r altlt.udea lea• than •o· o teet. 1• llmlted &4 

troa '7- -~~ - -14 ~eet,though one plant,ln Plll& OountJ,•a• t0\ID4 to be 

operating wlth ~8 reet ot lSuct'lon 11ft.H1gh suotlon llfta requlre 

eapeolall7 well made plpe Jolnt.a and tlSht. alaDd paoklag.Teat.• ~t the 

PUmPing plant ln tbe last well on the Unl•eraltJ Campus ahowed a abarp 

de~reaae ln dlsQh&rse and ln etrtolency when the auotlon 11ft exceeded 

93 teet,t.hough a aearohlng 1n•••~lgatlon dld not. reYeal an, air leak. 

Jt,when a new well la tea,ed,tbe 8Qo\lon llft la raUD4 to exoeeu 17 

teet,gnd lt lt la dealr64 to u•• a borl&o4t&l cen~rltus&l pump,then lt 

la adYlaa~le to t~ to deYelop the well &4 a be'ter 7leld1Qg oapaol'-1••• 

Horlzon~al oenlrlfusal pump• are t~ rreeat tro• troublea;~•r• la 

Pr&ct1oallJ nothing to get out. ot ord•r.TheJ h&Ye ~he hlgheat et~·lol­

enolea,theJ are adapt.~ t,g 4treo\-ooaaeo,loD wl~ eleolrlo aa~ra &Dd 

&h•J' ooa' auoh lea• than wertloal JJUil.,_.-rhelr 4laa4want.agea are t.b&t. 

t.bey 11Ul8t be primed, and, 1n o ae the water table fluctuates w14eJ.r 

elt,her troa aat.un.l oaauea or dale &o pwaplDg,lt. ITiAJ tall below U1e 

1~1' or .uo,loD. • • • 
~t 

Yertl .. l oeatrltQsal pumpa,•lth long ••rt1oal ahatta held 1n oro•a­
A 
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braced tramea,were auoh uaed a r .. 7•~• ago,but baYe &lYeD way to 

ver,loal ~blne pUmpa • • • 

Vertleal t.urblne piutp.s b&Ye been hlahly dneloped during t.he paa& 

4eoade,and are ••11 adapted to lrrlgat.loa PUIIPlas.Bt.rle'l.J' apeaklug, 

t.heJ are wer&loal oen,rlf\asal puapa, laat Ule7 are blallt. •lUl 'h• 

Yertlaal abaft enolaaed •ltbln the dlaobsrge plpe ao &bat. the7 oan ~ 

be lowered Lnto •ells drllled traa tbe sromod ~taoe,&Dd 'h•z are 

blllt wlth woh hlsh aeohanltal perteotlOil,at. leaa& b.J a tew 

manL&taot.urera, that t.heJ atand 1.n a ola1a 0)' t.heraaelwea. 

!he dlat.1DOtlon betHen a turbine pwap and ot.her oeat.rlft.agal puapa 

la tb&t t.be t.urb1ne haa,ln addltlon to &he ro~tlaa Yan~a,aolentltl­

oal}¥ ._al&Ded flxed Yanesothe ater lasuea trom the lapeller wlth 

~r7 hlgh welooltJ,and the tlxed vanes ald !u the oODYeralon ot tbe 

hlgh Yeloclt.y lDto prea~~• wlthaut ezceaalYe loa••• ln ed4lea &nd 

shook.Horlzontal turbine pumps are obtainable alao,but few of t.hem 

ar~ round ln lrrlsatlon serwloe •••• 

a.&ll alngle-aot1Dg reolprooat.lng,or p~er,puapa are oa.mon, 

beloa lo uae wlt.b w1ndllllla ~ or ga•allne •nataea at. t.bouMad• ot 

hOuM wella 1D &rlzoua.P~er pwapa ot large oapacl&J are lapraot.loal, 

bee~•• ot the alow apeed.Por"7 at.roJtea per ml1111te arellllout. ~· llmlt. 

tor low lltt.,&Dd 3 ~t.rokea per m1m&M tor lltt• ot so to ~o teet.At 

30 at.ro&ea,abaYt tltt.1 gallou. per alnute oan be ob'-laed traa a 

e-laoh OJllDder wlt.h a a~le-aot.~ puap,tbat. l•,•lth a al~ pl•t.on 

aa4 one llne of pump ro4a.suoh pumpa oan be uaed,ln ocnJunet.lon wlt.b 

..all,low,eart.h resenolra,tor t.be lrrl&a&lon at hoae gardena. 

~be a~ke of a pluager puap,tor tr.rlsa&ton,aboul4 be about. t.wloe 

t.be dl&aet.er ot the c7llndertor lltt• up to 60 teet., ad the rat.lo •bOule 
t 

looreaae aa the lltt. lDoreaaea.!be OJlln4er ab0ul4 be ot braa• or braa• 



sao 

llned.The dlscharse ~ plpe should be a trltl~ l~s•r ~n t.he 

oylluder. lia.rd-wood pwap roda ara .preferable t.o plpe ro4a,aD4 t.be 

rod ca·1pllf13a :Jhould be heaYy torged straps wlth oopper rlYet.a, 
a.,_ 

wlt.h threaded Jolnts.At each Jolnt there are a pln &adA .ooket. wltb 

a square &boulder on eaoh.Jn put.t.lQS t.be roda toge~ber.~y are 

screwed up ~~tll ~he shoulders butt t16htll •• .-~ 
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Tertlar)' • loanle r • 

On the nort.heaat alde of the val.leJ the --1-'1./ Gallw-o ud 

Wlnoheater Mountain. are co poaed alaoat entlr.ly of laYaa,obleflJ 

ot baaalt,--- rhfollte,aD4 tufts or !ertlar,r age. Thea• rooka at.ore 

oonalderable raln water whloh t eda awaeroua 8m&ll pereDDial aprlag~ 

but the mountains are not hlgh enough to reoelYe muoh anow to ~PPlJ 

aprlnga ot notable alze. Jn aome of the ravlnea along the lower 

~t thla water 1a round -~-f ln ~he wash materlal and t~re la 

llt.tle aupply trom the upper portlon ot the laY& bed roo&. Jn tbe 

other mountains that border the San Pedro ValleJ,Tert.l&rJ lava• are 

not extenalve nough to ~ ot lmportanoe aa reunolra tor g,roUJld 

water. 
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Pl t 12. A. San Pedro Valley about M 3 milee north of Mammoth, looking west, 

showing bottom land and broad~ andy wash; 

J. Pliocene lake b ds overl in by conglomerate at mouth of Xilberg Canyon. 
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Pl't 13. A. Upper Paige Canyon in Happy Valley, looking upstr~; 

B. Bluffs of sandy clay bordering the inner valley east of Benson. 



( 



( 

• 

' .... , . 
• Alb .. I 

• .... 
&111 • 

-:: \.. .~ ·~· ( 
I 

I Jlllllt 
I : , ,;,. , 

•.'-. i~o -.. .. 



.. 
• 

.. 

• 



/II 

( 

J"" ~ .I • '3 
I t 



/13 

.. 
a 
~j,{.I)J_~ k1 /.., j. 

~~-r..... & .e.'. ~. 



( 

112 

At the Pamer n sohool,on the ea t 14 of th Ya. le7 north of 

Benaon,wa~er •as ~ruok •hloh roa wlthln 16 t l ot th urtao , 

but an art.e lan flow a. a not ob\a lned. Pl ld lrrlga &.lon I 

aarrl d on ohlefly rrom a canal klna wat r tro t.he rlY r, tu~ 

ao e land ls irrigated tram flowlng • ll • 

n 



·Sovt}{ 

:'!~ .tre 4. s·. :~. c .• "'CCtion e-crus t: e northwttst end of tbe 
::-:-_c tst.jn -~w.tuins,after Jarton),eho•bg l)Oa1t1on 
-:>f ·~ cQri'\"7 s-pring. 
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bOut 3 mll south• \ ot oGre• Spring ~h are ot-her ll 

prtng l 'he upper part, ot Pr DOh .Joe oan,on whloh t\&rn1 h 

low t.he aprlng rlea ot about 

~OD 
30 11 rook t.&Dlt ln th aohl t, ot he ff.1t;J bed 1 " a 

~orag tor much or the aprlng t r. 
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from th 'bedrock 2 milea up the e»qon. At \h ranch a 11 a drilled 2lti te.t 

peld only a 11 ~17 tr wat r-b r1Qg gr vel etrock at 211 teet, 

probabq at n.r the baae of the •dlmeDta%7 4epoatta. leat d down this oazQ'On 

~,4 
and other parallel to 1t0 dr7 ;,t,db of partl.T conaoltclat d grav 1 and aand are 

u:poaed in cliffs tull¥ 100 te t high. !here are no aeepe or epr1r.ge ot •tor 

at th ir baee , even during w t w ther; for th ae of the d~ ita ta tar 

deeper than the ravin a have aut. 

rinda to pin diatano and reduce the grade, UDtil the upper lope ia r cb 

near Ochoa aldin&• The railr d croa ~ ash of '1' • ~on thro tlmea in 

tbi.a climb, and paaa thrO\J&h _. ral deep cut in the lake eedim nta &Dd over­

·~J.~+ \--1v' ~ '1. 

on a well drilled by th railroad l)eDe-
~ 

l.7iug grav 1 • Boar the it at D 

trat laDd and gra l to 185 teet &Dd aolicl rock to 214 teet without ob'-ining 
) 

urt 
..u :'\ o a\ed gr -:v 1 to 420 fHt• eoli4 rook t,o ~ t• t, and br ro« 

t of~ poor qoalit tor lo otlde uae s obh.i 

the la t 100 fe t ot the bo).e, which witlu~too4 a pumpiDg teat of 6,000 p.llon 
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Plate 14. A. Dragcon Mountains near the Bar 0 ranch, showing condi tiona favorable 

for small spring s and hallow ground water; 

B Drngccn Mountains, near the Horse ~anch, at weat eide of Ccchi8e 

Stronghold, &howing condition favorable forgroundwater in the 

dry ~aeb. 
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unoonanl1dat d 4 poa1ts o erlylng d rook,water belng toUDA o 

b& ot &he gra el f 1ll. 

Sout~ t ot town th To b ton Hllla ar pl,ted wlth 

core ot pro peot shatts,ne y all ot •hlch arc dry. On the 

lo r lopes,toward Ch&rleaton,ho ver,a t • hafts ahow the 



• 

• • 
• 

' 



Mouth of on 
Miller Can~\ 

Q..\ fi.SOOO ~ 

s 

grovn 

!-_-

crc fcr d. 
1 &.J J fo 



I !I 'I --

• 

.... • 

' 

,,. tt .. 

/trD 

d~£ . .... • a 
I) 

........ .. 

., 

rJ.. 7 ':_..--~.\"''·· •t/.,, 
~, . ,i' -~ ·~~ ... 

.. 
r 

~ 

L. . -

'-.;, 

; 

'• 



197& 

The nam la sp lled Bronkovr Hlll on the G r&l Land Offlc 

""-/d ,­plat ot T.91 s.,R.~1 E.,a.pproved bJ t,h Surveyor-General r~ ·""' ; 

_;,n tJoa. 
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Plate 15. A. Looking northwestward up Rain Val ley, sho1Ning ccnditions of deep 

ground water in the valley fill, below cliffs of Martin limestone; 

B. Dissected pediment northwe s t ofthe Huachuca Mountains, ~ hawing em di tions 

favorable for shallow ground wat er along the ~ashea . 
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near th outh nd ot the oun 

~ Th wat.er 1 sat the s ot llu lum av rlylng sand ton t.hat 
I 

dlps 600 • Th dl ot 6 gallon• 1D.Llt. h& n plp d down 

to th nl t, r nch,3 lle belo A. ell the.t a a drlll d at the 

ranch yl lda onl1 ll unt,ln uttlclent. tor ~t.tl n ed • 
t 1 sue t the or bout 30 fe t 

~ .. ..-~~,.:;:a~~B--t.l~;.ai:~.;&a·;~.'• cot.tan•ood Sprl to a a small 

ter1ng place ln a wlde •aah,and tlgure 1n local history a the 

' 'pi.N'I'l 

pr1ug at hlch CUrly Blll wa camped ln arch,1889,wb n OY t · n 

J 
"'nd ahot by Wyatt Ea.rp ,ex- rahal of Tombs one. 

~ --·-- ·- - --- .. 

-' Burns,Walter oble;Tam stone;p. s , "R?• ..,J . -~. ·f 

1_ I • ._ • 1 <' • f.' ( ~ '- • R_" 
r 

•I ---· -. . 

Just est or· the dra.lna.ge di 1de at the head ot Raln Vall y, 

:. ud Sprlng,Spe Spring,and probably s veral o~her mall prlng , 

1ssue trom red Cretaceou san tone, and form a rl place tor 

lv 
~anga cattle. Farther north nd hlsner on the mountain lop ~' 

la.r 
B~ar Spring 1 a~ s on the ~~,~-

lope ot the ountaln, pach Spr1ng and · Ogales Spring al o a tord 

small but perenn1al aterlng plac • 
·-. 

here a loa 1 a t- est tault cro ae a ra 1n and probably act 

a dam to t'tOlleot ater 1n the upati' bloc • 

I 
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- ..).... p-aYell7 atreua ••· farther down atr-.m ~ .. 11 -.ppl.T froa fia.ared bed-
. -

rook baa been developed b7 llr. a. L. hrMDI 1Dk • fiow1Dg •FiDC• •ear Ul• 
/'"iA JfJ-J. 1~~ 4 -fv-4 ~ ~ f}r;;tj_ 15", 13_ 

c... 
baae of t.he llaach~ llowl'-111• but lli&b aboYe a,oaor• Ct lab~ ~are aneral 

l'v 
.-11 perenniAl •1np, of which t boa~ at the ptatt luah are perhapa the 

largeat. !heir flow of about 10 pllona per- aiJDte la JOD4e4 aDd UM4 for .... 

aa well •• clomeatio pu-poaea. lear the c.ctral courae of I..fle au,on the •t•r 

c-. a to the nrtaoe i a a .. 11 _,.., .-..& Ulace tlowa •• a l*'nDlal at ream 

for 2 or 3 mil••• 

MountaiD.a are 1DC1u4e4 in the fort llaachu. a111\al7 r aenat1oa, which •• 

-;( -- . /if ·/ { 4 - I • • I _; • ( - ft ,. - ~ ;J 
I :..6 L .,.. ... .. • ' 

eatablilhed ~ a s oae of the •1ll\&J7 poata •••• •~• M•t•• border. 

~-JJPl7 la ulla&l]¥ mftlcient for tile Aeaah of the eDOampuDt ot about 11000 .._., · 

about ·" ,000 fMt lower than thecreat of the IIOUD'-lna. !he u-pper · 8pZ'1DC ia 
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A 1lallar rapl4 clrop ln the •ter table a\ • looall\y in \he 5an\a INa 

Valley ha1 been reporte d by rofe11o1' ~mi\h,who tau.S \he\ at. \he polnt 

of' the mount.alne ne r Rllllto 1\a\lon,f 

Aa ttw rlYor •alley opena put. art.er pa11ing the ba1alt.lo mountain, 

the ter table drop I from a depth of 16 feet be low the eurft.oe to 

a de pt h or 120 r.ct ln a ~ tanoe o le11 than a mile. 

::mitb,-:; •. •• , ·round-· ater IUpply and lrrl~tlon in the R6lllto lleya 

Arlsona UnlY.A~. · xp. ~ t ., 11.64,p.l79 (footnote~) 1910. 
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The a ~ 1 • o tnr oo ll ~ cted in 1 al-21 were nalJeed to~ eil1es and iron. 

"lllcq i.e an un11!1port&nt con~tltuent and •• ·o nd ~ be pres n t. 1n c.-puaa\lYely 

amsll amounts in nll tbe ae.on lee. s.mount of' il"'Or. !"E' HD\ ln tb ll t of \M 

••lllY'lee collected ln 1~54. ; n moat of the es!!tp l ol analyeecl the content. of 

.I 

nltl'"ate •• low J ~he pl'" , .. nee or •re \hen 10 p r\e per allllon in ee"ral ..._ 

duo~• ~ or~enio mft ter. n the hole the wetere are lower ln dleeolwd 

mt.nerRl m··t_._,. r than aFe the grrund •tere in •ny othtr arid r · 1ona and eo• 

or the 11fltere &.l"'e qul\e eott . 
~ luor~de content. 

he 1 tel"' • plee oolleowd •re exam · ned for tluor~.de, which we.1 found to 

thoee por-tlone of the Ysll•J are aaob amounte are preeent ln •t.r that 11 

r etNlarly u•d ftW clollltltlc eupply there _ re ruaeroua os•• of mottJ.d e~l, 

a dl• I& o~ the teeth .hich le be lle.ed to be em. ohlefly to htorlde in thlt 

clr 1riclllfP • ter. 

( 



he mo\t.ll~ le prlarllJ •r.ot. ot t.t. •ooDI or ,. .... tlte\h. TheJ 

neaPlJ blaolc. tn teftN ••• \be e,._l t.e03ee 41tfeo\lw and the tlletb ohlp 

orr. 

The ohare.oter of the •11 weter1 wl tb relation to 110t\lecl enamel ln U. Sen 

-
he oauee or .,..~~ .. lecl e,..l. a 

Smlth. I . V . and .. ldth
1 

Margaret. c • . ett~d enaael 1n Arizona nd lt1 

corre lett on with ttw conoentratlon of fluoride a in the wswr 

"!'he folletwi~ flltaly•• by thea 1ho the •aryln, oonoentra.tion or fluoride 

· n the dr1DkirtR we tier eupp lle• of •wral OOIIIIIllll tlee ln the Yfllley. 



A:al1•• ef ~ _._.,___SaD,...._ YalleJ,Arla • 

.ta .. bJ ft.V. \h aa4 Uar~\ .... . s.tt.h, Uft!.9.Arl80na,Ar;;tt .ap.S\atlon, ... 
with .,. .... 1 regard \e \bl ftlaonat ... w.n 

P•\a,.. lllllloD. 

Oelemm 
(Ca) 

pel&tm Fluerlde Chlerl.. Slalphatlt O&rU.te B1oubonet.e Re1i due 
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.1. '"ldtelllan,ol\y •pply,flt eha1ln dll •11 l U• eae\ or town, 
2. oth,ehaUo• AI •11 a\ c.c .0111ft e\oft. 
,.Oraol ,Jto-toot dur. •11 at. Roy Ge-.l•• ft1l1n,: a\dlon • 
.\.P~NM ..... l,QQ..f'Ht .!Pllled Wll. 
~.P.,.re~ ,w11 ot ?wtt. Coon. 
6.BeMO!l.olty .app1J,tl-• SD-t.o\ ar~alaa Wll,ouecl \o bo\tom. 
7 .Bea.on,.\!50-too\ .rvalall •11 ~ c .t .• Rta•r. 
a.Palrbadt,rallPMd .. u.a feet ... , •••• \o be\t... 

rl~ .t..'l'Nppaa.abaJJ.ew •g wll 2 al'-• Mrtll••' et r.-a\ont. 
\!J a..a111 .. •~t-,90-fH\ w11. IIII.S.a _,b ot i!'drha*. 
, 1 .-r.ba\OQ8,o1\y •pplJ fit• apPt.Jwl ln ~ ... . t*alna. 

2.0 lth a&h.ol.2D-teot. 61« •11. .(r c~ 
1,.Reretor4,42l-he\ ...WaS.. •11 ot J •• 1!1111-· 
14.Bt..._,el\y -.ter ~ply fP ~ .. 11e 1 mlle aer~e\ of oo • 

Z/2 

228 

....; t.\h,R.V •• and 1\h, laP.,., c., o\tlecl e.-1 ln An•na r:• 1\E: oorre~\flo 
wl\b \hi oo_.JIWaUon ot tlaorldee ln \ht awr eappllee: On1Y.ArluDA Agr. · ~p . \a. 
_t.~nl~.!l!- atl1.~5~_19,2. pp ·2Z-27!5· 19,2· - - ··-·. 
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These are 'he rew~ed flgurea glYeD b.f B.Y.Smlth lD MDe,eralaatlon 

ot fluorine ln drlnklng wa,er•,J~a,rlal &D4 Jnglaeerlns Chealalr,J, 
84 

vol.?,no.1,p~,Jan.16,lg35. 
. ---- . - - --- - -·· 

th ••• 
In ~ddltlon to~ analyaea tabulated,S_1~h and Smlth aade aoalyaes 

or slx artealan well waters troa the st.DaYld dla,rlct,whloh ranged 

trom 1. ~ r;arta ot tluorlde per mllllon,to 19.e parts. 

....r 
In co~entlng on the reaulta of the &D&l7aea the authors state ~t 

Ylfs n&CltefboJ•n reslaea.ta er Benscnl 

the r~tlve-borL inhabitants or Benson are free trom mottled enamel 

whlle at st..Davld some ot the most seyrc)re c&ssa were to\Uld. No 

mottled enamel ~~~If occurs 1n the native born at Blsbee,Lowell 

and 'la.rren \tho use t.he cl ty W3. ter .Bo cases were reported troa 

the Canelo d1str1ct,nor trom Fairbank or Hereford;but at Uammoth 

every nat1Ye b?rn child waa tound to bave modera~ely aavera 

mo~t11ng or the pe1~ent teeth. At oracle only a few children were 

round who had a.l•a.ys llved tller , bu~ all bad moderately aevere 

mottled enamel ot the permanent teeth. Conalderable varlatlon waa 

noted 1n the condltlon or the teeth ot ohlldren at Paaerene,wbere 

some ta.mllles use the school well water and othere have prl•ate 

wells. An lnt nalwe atudy at St.DaYld sf . o•ed that ner1 ohll4 
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aatJye t.o tJle co anl t7 bad ao't.le4 t'n&ael of the ao4era,•l1 

severe or aeYere type. The detect. waa not tOUD4 ln the t.eet.h or 

the school children a.t TO!llbatone,where the water supply ls troa 

apr1ngl ln t.he Hltachuca Uounta.ln•. A.t Winkelman praot.loall7 •••rz 
child natlve to 'be town had a mlld caae ot mottled enamel. 



.,. d1ffereDOee 1a tlaaorlde ooMentrat1on twncl la \bt .. ,.,.. ~et.ecl 

oould net .. oonelaw4 wlth dlfferenoee ln dep\b or •wr aapplJ DDP ln 

type ef wll. !he belief that arwelaa or deep-•11 •ter le .,,.e likely to 

ooa\ala hi ooaoentratlo• of tlaOPldee and to be more rre.-D\1~ aeeoo1a\e4 

with caet\led ..... 1 •• DD\ ber• out ln thle s tat.e. In -.ny c eee the 

deoper •lleln a• by the ll:lnlclpalltle• ehow a lo.er fluoride content thnn 

de the eballo•P prlYate •111 la the aarr unding count • . teelan water 

aad eprlnP- watera haw sll been found t o hrft abnorm lly bip:h coMen\rPlt1on 

of ft.orldee in •rtain reglona. • • Predlo\lon from loo tlon 

al \o what to eapect in tbe liMY or fluoPlde con~n\ of ter eupp ly in a .lYen 

r loa •eme 1rapoeei ble •" 

Slafth, * • I • 

0 -ith H V ~ nd Smith," '·"~ret C.,op.elt.ap . • 28 - 83. ~ , •• , 4 .)i ·~ I 
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The d1str1butlon at the aamples on whlch d&teralaatlon or tluorlde 

d l 
~, 

~as ma e,lnc udlng the saoples ar~ly.ed bJ S.lth and Salth,la ahown 

on Plate 16, together tel tl1 the geolo&1c formations ln whlch the 

water9 re found. The areas of h1gheat fluoride ooncentratlon are 

Fl· te ' 6 . ~·a ot San Pedro Valley ,Arizona, showing tluorlde content 1n 

ground waters, ~nd prlnclpal geologic tormatlona (toldlng-page plate) 

seen to be ln the inner Yalley,ln artealan watera tram the Tertla~y 

gedlment~ry deposits. The three aters from the gran1tlc area or the 

.AL 
~1f,~;t- Dre.goon t\1{¢ ou.ntalnn th& t were anal.Y,_.ed cant ln a.p prec1able 

amounts or tluorlde;but the ground water along the eastern alde or 



!51 
~ 

•a&a&h& ., I ., .. av 

lllnrU.e •ar l\e north •n4 •• •* *•lh , tee\ et ~awl t.e a .. p\h II 11 tee\ 

or ctleeolwd alneral M\ter, 110et or 11hlch oo•le\a et gp- ( .. lelall •t,hate) 



dle\r1ot. 

Ia t.bt lowlsn4 ••P \be -t.h et t.he San ~tr• Rlwr t.• et.lln •lle et 

propor\lo•tltlr 
ex•p\ t.ba\ l\ ooat.al• ••••• " alit' _.. nlpl-.~ ... 1••• ..._ ...... 

al ..... lelaaa -.114 •--t. ,. P"••t. Ia ... -. __.. ,.._. ••t'n- ... . 

pe\aeelaa. 1.\ lz • e.,..._..\lwl, _.. ••· 
( 



IS3 
~ 

..l.....i " ... 
'!'be epPlJip which l• .. •• \ht t.•o o~ ._rat.ala 1lepe1 ••• an 1 It 

~ ~~~~\ 
oa tt. " r&!dt11 le- rP• paalU. ••* or ft-011 Mll51•••••• t.e•latllJ 

'"- \wo arwataa wlla ln ttw ftlley aou\bne\ or Mameo\h .,.. • howe 'r 

and hen .,.. WPJ eon ••••· It. la of lawreat \o nnt aaeb aott. atara 

eolllng fP• the ... , foPMtloM ln an aNa .twY"e 11ede o~ l!'J'P ... aN • .,. ... 

ef' lt.e ... ._ .. ._ la . ... \1• U.:r .. 8\ala • . predM~lJ U. •-~ ot 
' 

relllla. 1M •• 111&1 et alU.. ln U. tw .,rl• •'"• .. •-11ba\ hipr thea 
, . I 

la , ... a\ la .n ••• et , ......... 



\he •11 6 allee nor\b ·~ eclt.t.oa ooa\at•• oaq l,. part• per lllllloa et 
I 

'!'M ell ••• at. ~l'dl~ ~· ooat.elae 510 pa,.\1 per ld.llloa ot dlllol•4 lll•ra1 

1'M ...... fP• f ... •11• ~ \M Yleialt)' .t C_a .. l ••J Oo-•. :t~ra•l) -.., ... 
.......... _ 

la ohNleal .-....... A•l,ele 21 ef \t. ~~~~ . ..c~_:- · -~i( •11 a\ c ...... I 

, .... ,.. __ ., . , ..... ----- - • \he\ ef .,. eehool wU. • ..... 



to be et.llar \o that et the •hool •11. I\a •-wile\ &r•••• t.e\al eoa\eM Ill 

t.\ .. WPIIl•• la U. ...,._ fl-• tit NbDol • tl. 

Oa \t. Poole raaah (Bt .. ~a NMh) a .. g •11 •ppllea ••• wblob le a• 



water that 1• wry almllartet tbflt or tJw hot epr~. A oool .,r1• on U. 

-· clPll~· 

~ 
In V. !P•• Al-• 4le\Ple\ oa thl wet eWe ot \lw San Ndro Vatt.r on1 

blatt of Plteee• ••t.t••· u.al,eb 2S •• l \ \o .. a oalataa earhM\e 



I.S7 
~ 

216 par\e of 4leenlw4 ld.ntr 1 •t~ .... le •~tllha\ aore oo ... at.rawd than the 

otheP ftWP lll beth o~lolua ...... lDa. 

2 par\8 per lllllloa .~ tlaerl.S. ln t.hte wr l• ot later••'• • .,eolfllly •• •••• 

\be ..WP te-• fttom U. .__ PMU et U. -Mala aM bae aot. • · lao~MM\ 



... . ... - ~ 

ooatent of oalo1um, hloarMaatt alii aalplaaW. Tille la prolta'l' \ht ehallow .-r(' 

·~ 
'(\elldlaP ia \t.lr OGDWft\ of al•Pal _,teP, whlob .... tr• Ill \e 2fR part.a 



- ..... 

eeplee Pan oaly troa 'Z57 to 216 p•u pH .S.Ul-. Ttw •ten aN ot p .. 

ot.hW •••· ,... eaaple• •• ,.. 8M ....S.•• M tllaei-IA•• 

••l l 4PllW.d wll '&d.le• _.,h of a. .. oa whieb bae .... ••• tor ea\\J. •te•-

apla ts 19,.. UaJ.r•• -.saM~ eh•• l\ \e 1le • t.S.~•• ··~•r of low 

\l • tl , .. '• ...,J... ,. ••• .....s.e • ... ~• et ' .-u ,.. .tlll• ef 
.: 



1be ap,_.a\ ...... la -. .. 1 •-te• la ell et U.. l• ebletlr ._ \o \Ill 

8Upplr. Aaal,ee• !9-6la r'- \liNe arwalaD •lle la \hr1 le•la• eeut.h or 5\.0.W 

•hn ''-• \o .. 
--~ eeft _.._ ,, ... ._. •te•• lllat U.• o'--• to U. Ylllqe. O• ot.r-

. 
..... ft .. la the •P~• ,.., .~ a ..... l.a * w-tU. lltU... Uelalula _. ,..__ 

............... l.-1--'l ...... wlUa ...... ,_.. ., .......... 



16! 

* 
le ~--· \Ilea la a.-r or the arwalaa •••• of tM l ... r ••ller• It •Y b or 

~aal\lo ••*•• 

.... •l•laa ••'*-" -·· .... 1 ............... 1\ l-• ., tbl .. . 

of' 4leeolw alnlr 1 •twr la enl~t .... r te ana eo tar •• the mlntr 1 obaraowr 

,a1 •s..tw• ,. ••l _.._ -'.ete ef •let• ._,.~, .. , la " tar •• l\e 

.-..leoawa& le ••• ••II\ b a ...... -.. fer all _era..y -•· 



waw• la N4 '-•• wh1cb aN pre•blJ a baMl part ot \hi lallt .. 41 or \he Glla 

••BI'-•••• ~l11l1 45 the• \ha\ \he ••• le ot falr -.t.aall\y tor •-•tlo 
u• wt.\11 ealeiM ...... ln aolu\loa •• \M prlnolp•l •••Uwa\ and eo4lwl 

• ..,s.. eelS.e_. fP• ••• •U te •' lawNe\ la \lit• • .., ... uwl, ... , ...... 

....... 

( 

.... . ,... ............. .,. 



/6 3 .. 

pr••"' la ..... -••• and \lw eeawata ot ehl•l"- .M •l•ta• are 1 ... 
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