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lIon. CHARLES D. \YALCOTT,

l)'rec!.(J)' C"ited Stat".; Geoloqical S"'·!'cy.

DF.]>AnT)IE~T OF TilE I XTERIOR,

l~KITEn :--iTATES GEOLOG1CAL SCRVEY,

H'YDlwf;J-:ArIlIC BrU!\CH,

lrasl,,:ngtoN, D. 0., .],,"e 1, 1904.
=-'IH: I forward herewith a report 011 the underground. waters. of

,;,,11 H';"er Valley. Arizona, hy Willi., T. Lee, and recommend that it
lll' j>llhlbhcd as,a water-Sllppl.r nnd irrigation paper.

:'\11'. Lee: under till' direction of 1\11'. N. II. Dnrt.on, geologist in
l'llal'ge. of the western section of hydrology l hftti IlJ:H]C a detailed
ill\'estigario'll of tlw ulldergTolind 'water,,; and geology of Salt Riycl'
\'all(>y, in the l.lhocnix region Hnd Cas.hnll'c1: and 1 beliere the results
\\'ill be of ynlne flnd interest to a large number of PCl'SOIl:-;. The region
j ... OI1C in which the problem of ~\'fltcr supply i.'5 of gl'cnt importance,
fnl" its prosperity i.., entirely dependent upon the utilization of the
"l1rface and underground waters.

Ycry respectfully, F. H. C\F.WELL,

Ok/d' J:.'ngineel'.
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U~DERGllOUX]) WJTERS OF SALT RIVER
VALLEY, ItRIZONA.

By 'ITLLIS T. LBE.

INTRODUCTION.

PURPOSE OF THE INVESTIGATION.

Thc pnrpose of this paper b to bring togcther thc facts, so far as
known, I'eg'fll'ding the underground waters of Salt H,in~1' Valley, with
:l ,·iow to ascertaining their anlilnble qunntity, the arellS ,~here they
oecul' sufficiently nen.}" the snrface for economic pumping,. and their
adaptability for irrigation.

The a.rea of special in\'c::itigntion lies within a line drawn from the
jUllction of Yerde and Salt dyers westward a few mile" beyond the
Ag-un. Fria find !:iollthward to Gila Hi\-cl'; thence along the northern
bonler of tbe Pima lndiall He"ernltion to the Sllperstitioll :Mountains
north of Florence, and along the foot of these mountuin~ to the mouth
of \"erdc Rh-er-an area, irrespecti\-e of t.he llIo11ntains, of about 1,000
square miles. A number of side tl'ip~ were made beyond this area

into the neighboring lllotlntainotl~ di,-;triets, hnt the principal part of
the work was done in the lowland, ineluded within t,hc "bo\'e bounda
ries. This area is conveniently didded into two districts hyaline of
huttes that. exteudti aeros~ tho ndley in the yicinity of Tempe, con
Il('cting the Phoenix )rIountaill~ with the Salt Hiyer :Mountains. The
ph)'"ioa1 conditions existent cast of this linc of buttes differ notably
f,.."n those to the west of it. The di\'ision of the Yallcy into two dis
t rict.~ is thercforo to 0101'0 purpose than mcre eOlH'enience of descrip
tion. The first district which extends from thc month of thc Verde
10 Tempe, is known as the :Mesa region, and the second, which extends
[]'(Jm Tempe to l,he Agna Fri", is known as the Phoenix region. (See
PI. I.)
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CHAPTER 1.

WELL RECORDS.

TIIY. ~[ESA REGION.

MURPHY-McQUEEN WELLS (SEC. 34. T .• N .• R. 5 E.).

The :\Inrphy well (fig. 1) \\':I~

started as a 12·inch douhle·i:!teel·tn:",~'d

one, hut on account oi the gn'<It
difficulties enc(lunfel'ed' in the \ra.r
of bowldE;lrs and celll\:,nt strlltn, tu'
gether with It peculiar Jorlllation oi
clay known as the swelling variety,
it has been IleceEsary to reflnce tILl'

size of the well three times in the
depth of 1,305 feet, endin~ with :1

ca.<!in~ 7ind~es in diameter.

In the Intel" and more com·
plete report )1r. Code write;
as follows:

Origi"al wetter level 2:9'
Pr..~ent" "Z7'

I
I
I
I
t

FIG. L-Borerl well of S. J. )Jurphy, on
)lcQnecn nlnch, )I\~\'

..
~ ..,

• I 12- '!! Surface alluvial ~oil

: ~ ~~rforated p,pe

, ;~.....,.. ::; Water bearing cemented
J ~ ~.::::< t gravel and bowlder!> ., 't

, r:;.i; Loo~e .free wettergravel, .
I ;;;;: : sand,and bowlders
~ "., P;rf~"ted pIpe .. ,
~~' '00 CI"y,~oft lime,tone,and
I '0 ~ cholk rock -
, I
1.- •._-', I

, I
I :::~:,: P'l'l!for,ltd pIp'
I::~' 'l> Live water slrAtum Qf COBr$e $""d <I"d

'g I '.:,., t :!>~all gravel. Waler rdi,ed Z'atlove normal
!:! I '4- Small strata of sat'ld and clay

'i' with nQ water

•,
I
I

" I.., Clay lind talc,,,on·water bearing
~

I,
I,,
~

I.~,.
••

The series of deep wells first completed and used for irrigation in
Salt HiI'er Valley is that on the )jurphy-)IcQncen ranch, near the t01r1l

of )1c,a. This series of well.<
has been descrihed by W. 11.
Code in two publiclltions,f' and
his dc"!;eriptions are here tran
.scribed. In the tirst he writes:

FOlll' 12-inch bored wells w('n'.
)[urphy. sunk 011 a linc, with l:?~-feet ('cnter,;.

The f1r.~t one WID; pnt. (lown 1,305 !l.'t't

in the hupc that an artefiian lIow
might be obtained. Ai' tho drill was ::'_till in a nOll\mtt'r-h(.'aring' ~tl'ntulll of day
and talc when thi~ \lel'th W:l~ ft:',u.:hOtl it wa::: del'idl'll, ait('r hadllJ; pel1ct1'at~l thi:'
stratum 6().') k'€'t, t.o abaIHloll. the ~carch ior artesian fk,w :.tnu t1cjll'lHlupon pllllll':
for raising the water, The l'I~lIJaillill.!! three wells, tht>rt'fore, were drilled to a J('pth
of approximately ~12 feet, the iormatioms·inien.~ph..-d being as follows:

I.
f.
!

(l Code, W. If., R~I.ort (.f irri)tllliHlI iu\'c"tiJ,'llti"n:< for 1900. :S-o.1: l:. 5, Dl'pt. A.i;Tk., Bull. 101, I~·'l,

p.93; Report of irrig'llihl\ illn,~lltig,~tioll"for 1901. SQ. 1: l". S. Dept. Agric., Hnll. lItl, 190'2, pp,&.t-t>....
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Feet.
H
5-l

103.20
-IS.RO

.00
i.63
.21
.000-1

:,,", frrt deep
j ...ll111l'nt of a

1:1 I'd layer of
f,·,'t, "'bell'
ill the ope II. l

j .. ill :-:Iightly I

It' a:-: that ill ~.

"atcr bcnC<'lth
I ill the well,
" and in the
l:,thiswatel'· I

to contain a 1

f"rated from
.. nrc worthy I

prctienre of I'
Wf.ter is in

eh hu- nltwh Ii

~ Sfi. 6.

I

~trong.

Distinct.
Dii5tinct.

Slight.

'onsolidated
." of obtain,
.ouble-steel
I admixture
lelo\\' thi,; a
the bottom
represented
,\' feet from

A. EDGE OF THE MESA NEAR CONSOLIDATED CANAL. COMPANY'S POWER
. PLANT..

1; A. J HANSEN'S PUMPING PLANT.

O'icnariina S18 inches of ....ater.
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381. ()()

235.20
59.8.

.0
2.00

Faint..

'. ;., tlistant 3tiO

IIlain well wa",
t,:"",ion was that

It';';. :ooutlnve:o'l
leil wells. 21:!
o wnt.cr level
I...: previously
:lI.·cd nca l' the
lIo\-e. 'Yben
;{j;') inche~ of
1I01lnt readily,
cet below the

FeeL
.6

2
82

J
12
14
10
6

2.
12

,d at " depth of I
,1 tu III .rises to a
lc\-cl, bowe\'cr~ ;
1903, lUea~u1'C- ~

,owering of the!
:. measuremcnt.s [
tantity 01 water i

<c. ±.219 g'allons :. . I
:-;t measurement.
5urement. The I
,mter when the

luring this timE>. I

annual change.
flieient length of

'atc:s a large con·
Ii. which is most
is harmless, and

dti' ("pIHIllOII ~:llt. although YOI·.'" ahunda.llt.• <,ould he washed Ollt of the
."il ,rit.h comparatirc C:\:-;f' :-:holiid it :lC'l'lIl1lulatc ill 100 brgc ljtlilut.ities.
Thl' II iIraj e...:~ ~o ,",duahlc ill i I'l'i.!!lt tiOIl, a rl' ahundant. "[ t i.~ po.'\si blc~ a.-.;

:lI:111Y h('lien~~ lImt, tile contillllNI lI:"n of :'o{l :o:lIillc:\II irrigation watcr
f.• 1' a :..:orie.... of :rr.al'.~ will prO\-l' hnl"lllfullo the 1:11](1. mllc:o' .... pl"t'C":lntions
'1"1' I:d~l'n to ilt'C'rent·thc :ll'CUllllllation of :;:tlt~ ill harmful quantit.ies,
I'in' quant.ity amI kino of salt. which lIlay he pl"(':;cnt ill irrigation
,':111'1"" dcpend so largely UpOll the phy"ic:d nlHl chemical ('olllposition
.,t' tltt' lana irl'ig-atcd a.lld upon-thc Illanil'llialioll of. that land that pre-'
,iidion i:s u!::ielcss without it more extcndcll knowlcdge of facts.

Analllsil! of ~/"(Ifl'r from E. Olsen'lj "/t·dl.

':1l:1Il1itati\'c (pn.rt.<; in ]00,(00):
Total !:'olhb ~oltlLle at 1100 C _.•. __ __ _.. _..
( 'IJlorillc in tCrlll~ I)f KaCI (common salt) _ _.. _. _ _. _ . _
II:mlneE8 in tcrltJ!' vf (',aSO, (8ulphatc of lime) __ .. __ •• _ _. _.. .. _.
Alkalinity in term:: of !\a~CO:l (bl~(;k alkali) .. __ _._._ ••..... _.....
!\itrogen in the form of nitratt'B _ __ ._. __ . __ .. :_.
~itrogen in the form of nitrites. __ __ .. _.. .. __ .. _.. . _

l!lJalitative:
~nlphates .. _ __ .....•........•.............. _ _._ '~err8trong .
.:'\1.agnesia ._ ~ _ . _ Strong:.
Lilnc. _ _ __ ._ _._ •. .. _.. _ "ery strong.
Uiearbo~tes _ _ _ _.•............ __ .. Yery strong.

HANSEN WELLS (SEC. 35. T. IS., R. 4 E.).

~lr. A..1. I-lanoen's pUlllping plant is located abont'IO miles south
"f Telllpe. There arc f01lr 12·;neh drilled \\'ells. douhle-steel cased,
.:" fpet apart, and snnk to a depth of 200 fcet. A eentml shaft con·
t:tining" n. l:!-inch horizollLHl ecnirifug'al pump is :->unk to water le,·c1.
1-"1"1)111 thi.-; shaft tllllllcl:; COllllllllllicate with the wells a:s explained fOJ"

'iI<' Jlurphy-:\IeQ1Iec1l plant, lI1Id tho wells arc ('olll1eded by n hori·
·"lItal ....uctioll pipe. The pUlllp. is operated at the surfuec by st.eam
1'''\\'('.1', eonueeted hy helt to the pnlllp.

\0 ::oati:sfnctory tests bnyc been made on thc capacity of tbe plant.
I ill' h(':-;t lJlea~mrCUlcllts ohtainnble indicate a yield of about 518 ilH.. hes
.•. ,' PI. IY, B), or somcthin$!." on~r 5~uOO gallons of watcr per minute.

\11". JIan:scn is preparing to irrigate, in this way_ his cnt.ire tract of
""Jlething m·er 1-100 acres. At the present writing about 500 acres
.1',. "'"pplied with pumped water.

When the PUIllP is I'lln at full "peed, dm"'ing froUl the four wells
.Iik\\ the water level in the well:;: is lowered g feet 3 inches. makinO"
• . . 0

'!i" tOL~d Iift:W feet 3 ill('he.~. \Ybcn the water i:; drn,wD entirely from
'11 j'IlU ',·cll; the others being shu·t otL the ,,-atcr leyel ill that ~Yeli i~
. ,Jd io lower IS feet. while in the well ~o feet di,lant. it lowers 5 feet.
i I,,· ellect on the inu,n-eninl?; wells was not determined.

, - ::$ , t :a
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liNDERGROUND WATERtf OF ~ALT JHYER V.A.LLEY. [:-:(1. J:";.

In drilling- the well.., \'t~l'Y little :mrfacc water wati encountered, bl;
at a depth of 'jtj feet water-heating gran~ls alld howlders were CIlC(-)ll!

tered, froll1 which the water I"()~e 53 feet-that is, to 17 feet b~low t!l

surface of the ground.
Lt;,J of .1. .T. Halw:n'lI !reUs.

f"
Soil, sand, and cement _ .
Hard cement _. - .. - - - .
C-oarse sand, gravel, and bowlders, water lx>aring .. _.....•.. _. _.. _ t

In the course of the drilling two circumstances were noted indit~:

ting the looscne~s of the water-bearing ~l~t,-els. In drilling the la
well it was noted that tbe water in the tirst one, HO feet distant, mon
in nnison with tbe plnnge of tbe sand pHlUp. .dS tbe sand bnck.,
witli its mnssi,'c attnchlllents~ descended, the water surface in the IiI"
well wati agitated and mOl'cd slightly upward. A..s thL sand bud"
was withdrawn the wuter surface wati lowered slightly, maintaining"
churning motlon in uni~on with the drill. The second CirCtllll:;tallr
was noted in connectioll with sinking the casing. The casing is u...;!.
ally foi'ccd -downward undcl' henyy pressure by IHCaliti of hydrallii
jacks into tbe bole made I)y the sand pump. In:Mr. II,lIJ"en's Ireli
the gravels. were :;0 loose that the casing settled into them' of il
own weight and had to be held I)nck to prevent it from settling f".<t,
than desired.

Three analyses bave I)een mnde of water from these wells, tbe lir·'·
taken .January 2, 1003, and the second :\lar"h 2, 1U03, hefore fin:

extensive pumping' had beel1 dOlle. A third ~Lnal.r:;is wus made )la.

H, 1H04, "fter the pump h"d been in constaut opel'lltioll for "Uf)[,
ti,'e montbs.

I
i,
!;
I
I'

Analyses of 'IFaler from A_ .r. Hansen' Ij wells.

;Xo. 1. Xo.3.

.'

.',\

,',

, ,

hI
..{ 1

I., I

;

I'

,-

151. :

:{11. '

Very :otn'!

Strtl: -

.0

];)5.4

307.0

Faint.

Faint.

.0

60.9

3-'".>5.0

500.0

Quant.itati\'e (pans in 100,000):

Total solids ~olulJle at 110° C.... -I
Cb~~~I~~l;) .t~~~I_l~ .~f..~~?!.c.C.O.l:l~.
Hardne:::s in term~ of CaBO I (suI· I

phate of lime) ..

Alkalinity in terms of Xa:/~O~ ,
(black alkali) "",

Nitrogen in tlte form of nitrale8 _.

- ~itrogcJl in the form of nitrite."l ..' _- -. _'1'

Q \
. . ,

ua Itabve: '1'
Sulpbat~ _.i Ycry ~trong. -Yery :'it-rong.

::\~agn('sia .............•..•....•• I! Verr~trong. \~.erystrong·1
Lune "1 Very l:;trong. \ ery strong.
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. Log of Tempe Ca.nal Company' 8 ·'fells.
Fect.

• ,il __ .. , __ __ .. _.. _ __ _ _ .. __ JO

~ lild and. gra\·el ..•...•.•...••. : •.•....... _..•........ _•... ..•••....•..... '15i
'Lly .•.•••••••••••••••••.•••••••••.••.•••••••••••••••••.. __ :_ .•••..•••••••• 33

TEMPE CANAL COMPANY'S WELLS (SEC. '9, T. IN., R. 4 E.).

The Tempe Canal Company haa undertaken the eonstruction of a
brge pumping plant, designed to augment the water suppl~· of the
T"nlpe canal. . A b"ttery of ten 15.-i"eh wells is plan lied. Two of
d,,,,c are completed at the present writing. Tbe wells are 50 feet
.'I'art.. and will he operated from a eentml station. It is expected
,,,a' the ten will yield 1,000 inches of water. It is the purpose of
-h.' l'ompany to increase the output to 3,000 inchci;, if water is found

:1 ... ulficient quantity to warrant sueh expansion.
The pumps will he so placed a' to discharge the water into the Tempe

':lllai. thus mixing the pumped water with the l'i,-cl' water and dis~

:rihllting it uuifol'1ll1y.
The material encountered in tbese wells differs notably from that in

::l·i~hhorillg wells in the absence of the great number of bowlders.
rh:: material is described as :;Rnd and grnvell'uther than a:i g-rnseJ a.nd
'"lwldm'l', as in other wella, and the lower 33 feet is day.

VALLEY SEEDLESS GRAPt;; COMPANY'S WELLS (SEC. 4, T. , S_,
R. 4 E.).

Tlte company's \'ineyard is situated about 4 miles south of Tempe.
Ti,,'l'C are two 12-ineh drilled wells, one at the ,outbel'll end of the
\ in,'.rard, 318 feet deep, and one at the northern end, 250 feet deep.
III the 250-foot well wnter-bearing grarels were encountered at a depth
"f ahout 190 feet. The water from the gravel bed rose to a level i8
I...·t helow the tiurfaee of the ground. Tbe 3±S-foot well is on bigher
bnd and the water Im-el is 80 feet bdow' the snrface. .Ko carefnl
"riller'a reeord was kept, but the foreman in cbarge reported t.bat the
Imtcrial passed through was a mixture of sand, clay, and cement to a
d"pth of ahout 120 feet. At this deptb sands and gravels begin and
.oitl'rnate with granitic wash to a depth of about 300 feet. ~o water
I\lIrthy of mention ,,-n:::; found until n bed of gravcl 9 feet thick W:15

"wonntered at a depth of about 2i5 feet. Below the 300-foot level
tilt, material is granitic wash down' to 340 feet, when! hard red granite
1\:1 .. fOllnd. The well penetrates the gmnitc 8 feet.

Tit" 2511-foot well is not, in ,,,e at the pl'eseut time. The 318-foot
H,·II i.... operated to irrigate the dllcyllrd by a centrifugal PUlllP placed
·:::t ... Ilaft Hunk to lH.'ur water 1('\-c1 and operated by a. 12-hor:iepowcl'
.·,I~"liI1P engine. The watcl' is pumped into a small cement l'e:scn·oi~'

. :''''11 which it 1S di~t ributcd fol' irrigation.

Inlt 136-05--3

Tr.Il1- '
.t!.,

I
'-ery Slr"n::

Elrol:':

Ycry strOll':

'Il~. ~ Yery ~1rong.
Ill!. I \"~ry etrong.

IIg'. I "cry strong.
I

,.. Il I 446.8

307.05.0

o.n 13-5.4

.n .0

Faint.

... _! .Faint.
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Repented efforts were made to .secure measurements in a test l'Hn l,f

thio plant for the purpooe of computing tbe eOotof water thuo obtained.
In the meantime Prof. S. ~I. 'Yoodward, of the Arizon" Experimelll
Station, working independently to t.he &'lIllC end, obt.'lined mcnsllJ'j~.

ments which he hns kindly allowed me to use.- The test run consumed
1.5 hours·, the quantity of water pumped during that time being m('a~·

med in the ceme"t reseryoir "nd the rate per second cornpllted. Th.
water in the well was lo,yered 11.5 feet when the pump started all.1
remained constant during' the rnn. The water lV-US lifted 5.5 f('Pl

"boye the level of the ground, making a total lift of ,,7 feet.. Th,
plant is still in an experimental stage nnd certain casily remediC1.J
faults in construction will rcdtll'c the co:4 given below. Owing uhl.
to tbese imperfections, the liability to error in measurements i" need·
lessly great. Thooe taken by Profes"or '\'oodwanl are probablya.
accurate as cun be obtained at tbe pl'e~el1t time. The originnl co::;t of
the plant could not be obtained find attend"nce is not included in lb,
following compnhltions: '

COEt·ofpumpill!J lJ;atrr (It the raUey.';'edle88 Grape Compan!lsl'ineyurd.

Rate of discharge in cubic ft:et per ~cconds..•......••...•••• _.•. _.. 1.15
Distillate cOIll:'U!m~d per hour, in gallons ..... _... _.•. _.• _..•. .•. .. . 1. 6
Time to pump 1 acre·foot, in homs .. _. _.. .. _ 10.52

. Di~tillate consuUle<.l" per acre·ioot of water pumpcJ, in gallons _ 10. S3
16.83 gallon~ of distillate, at 22 cents. _.. __ ::-3. iO
Oil and incidentals _.._. __ __ . _ _ : _. _. _-80. 05
Total C01it per aCTe·foot _. _ _. _ _ _ S3.75
Lift in feet................................................ 47
.A:vcrage cost per foot in mising an acre-foot. __ __ _ $0.08

Analyses Of1/..Ylter I,'om (he rrdlf.!! }3L'cdless G-rape Company's n·el/s.

Quantitative (parts in lOO,Ol)()):

Total solids solnble at 1100 C..............••.. _

Chlorine in terms of ~nCI (common ;::alt) .. ~•....

Hardness in tenul'! of CaSO. (sulphate of lime) ...
~Ikalinity in terms of Nn~C03 (bhwk alkali) _. _..

Quulitative:
Sulphates .. __ .. .. .

~:~,::~i~.:::::: ::::::::::::::::::::::::::: :.:::i,

348-foot well.

155.8

105.4

21. 8

.0

Strong.
Prollonnced.

Strong.

250-foot well.

116.~

is-'·
11. 4

."

Stf(lll~

PronOlllln '

;-::1J"(I1I':

TEMPE WATERWORKS WELLS.

The town of .Tempe L... :-illpplied with water Irvlll three 12·illtl

double-steel-cased well" Do! fed. IH feet. aud ['!;j feet deep, 1"<"1""'
ti,·el.r. The wutcr·iJc:ll'ing gmrcls were entered at·:1 depth of Ii ft't'

&C. -, • • • ... s: to --
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RIVER VALLEY. L:-:o. 1::(;

~'rape Company's 1)inc!Jard.

.-.. ~.

.'

WA,TER-SUPPLY PAPEFI NO. 13& PL. V

..;.:....

. .,' A
.~, - ;{~ _' ..

A. TEMPE ClUTTE. SHOWING RESERVOIR NEAR THE TOP.

U. S. G£OLOGICA,L SURVEY

1. 15
1.6

10.52
16.83
83.70
80.05
$3.75

47
$0.08

I:f~d, ill gallons .. _

I ;J.J8·fo(jt well. 250-foot well. iI

--I
115 ~ f

"1
155.8

'1 105.4 78. Ii i
"1 21. 8 11. ~ :
.. 1 .0 .0 I

I,
Strong. ' StrfJiJ.t:.• 1

,

I 1'ronollneed. Proor/uIH'I',I.

Strong. ~troll~.

WELLS.

(,'mpc Company's 'Welb:.

lusnrements in a test rnn of
costof water thus obtaill('d.
of the Arizona Experimeut
me end, ohtained meaSUl"("
se. The test i'un consumed
\Iring that time being- Incas·
)('1' ~econd computed. Tilt,
hen the pump started and

water "'as lifted 5.5 feet
total lift of 47 feet. The

nd certain easily remedied
g-ivcII helow. Owing also

'1' ill measurements i::> need.
\\'oodward are probably",
time. The original eost of
t:ince is not included in the

I
I

I
!

water f1'0111 three 12-il1ch'
ami 145 feet deep! 1'Utll)(\("

IIter",1 at a depth of 12 fel'!

D. COLLINS WEll, NEAR PHOENIX.

""""',""----,~,~~...,.....,~,-~



I1"".1 WELL RECORDS-THE MESA REGION. !l~ ~)

I",al the surface of the wat,er at 23 feet. The water is I~uder noI~" _ - 
I'l,n' alld 1.-:; not capped by an nupcTnou.':i clay, as It IS In most pl;~
1dirntl~.::hot1t the' valley. .

I TIl<' plaut is a. well·equipped oue, with a shaft 20 by 20 feet, sunk
:.1 ft'l'L and containing a (Jould~ _triplex single-acting pump and 30

l:,dr..;t'poWCl' elect.ric motor. The three wells arc connected by a bori
, -'lllltal ~mction pipe, from which n \"cl'tical suction pipe extends into
l,·;wh well, in::;idc the casing.' The water is foi·ced ,to .~l reseIToir near
1'10.. iop of Tempe l3utte, lIIaking :t total lift. of 2..9 feet. (PI. V, A.)

.i It is especially worthy of note dmt at Telllpc the water.bearing
t~r"rels extend praetieally to the surface, the sballow wells reach·
i,,~ the same water body from which the deep wells draw. This is
"", dlC ease 1mile south of Tempe at H. L. Chandler's well, where
I he' !"urface waters are separated from the waters of the great bowlder!i,,'" b.y impervious clay. Analyses of water from the deep wells and

I :1'0111 shallow wells near by indicate the same kinds of salts in both the
i ,hallow and deep well" but show mrying amounts. The following
I:lualyses are from wells only a few blocks ··apart. The town well is
II ''''rr"rated only below 90 feet, and the ",,,tel' analyzed fl"Om this well

;. presulliably from that depth. The others are fl"Om wells abo\lt 30
f"ot deep.

Log of Tempe waterworks well.
Feet.

..:Ilrfacesoil . __ ....•...••. 4
I 'lay and bo,wlders __ ..... _. _. _.. . _ _ _ ..... _.. .. __ ~ 6
(']aY

1
8und, and bowlders, cemented _ . . __ .. _._.... 2

I.tI.)~~ ~and, grn.\"el, and bowlder.::, water bearing .. __ . . 117
1':Ill:oUS rock .. _._ . _.. _ . 23

Allalyse8 of 100tcr from wdls at Tempe, Ariz.

l.!ll:mtitatiye (parts in 100,000) : .
Total solids soluble at 1100 C. _.. _ 103.0 169.8 219.2
Chlorine in terms of NaCI (com- I

mOil salt} ......... __ .. _·__ ...... 58.8 105.8 133.6
I-IardneSE in terms of caSO. (sul·

phate of lime) ............ ___ . 9.52 12.9 15.78

I Alkalinit\" in terms of Na,CO,

I
(hlack ·alkali) ................. .0 .0 .0

~itrogen in the form of nitrates .. .17 .18 .51
~ilrogen ill the form of nitri~... .0 .0027 .0

I ':lIalit.ative:

:-:nlphates.••.....•.......•....•. St.rong. Yerr strong. Very strong.
.\Iagnesia ....................... . Strong. Prononnced. Yery strong.
Lhne ........................... St.rong.

!
Yer)' strong. Very strong.

\
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UNDERGROUND WATERS O~· SALT RIYER VALLEY.~ 36

~'" At the rcquest of the writer, Mr. P. K Fuller, the engincer undel'
whose direction the pumping plant was constructed, made a carcful
test of the quantity of water pnmped, power consumed, ete. :\:Jr.
Fuller has been kind enough to put the observations in the tabula I'

form given below:

Test of pumping plant oj Tempe city waterworks, August f2" 190$.

READINGS.

Time
Voltage
between
pha~es.

Total Pressure Vacuum.
amperes. gage.

'Yntt meter,
one phase.

RevolutionsIVelocitr IDiller·
of nmp: til watt CUCl'
gatlOof>per mdcr~pcr'betwc('n
revolutIon. minute. gage.~.

,

Pounds. . Inclles.

3.33

3.3,1

3.33

3.33

37.00

:J5.00

:H.50

34.50

35.50

3:-),50

810.310

811.221

SIl. 623

812.056

812.487

812.8.8

1,747,200
1, 7J7, 700

1,748,050
1,748,320

1,748,580

1,748,830

1, 630kw. 2, 538 rev.

15.25

15.25

15.25

14.7.5
14.75

14.50

14.96

4. 20a "1175.0 170 99
4.40.... 177.5 17v 99

4.50""1182.5-1170 99
5....... 172.5 170 99

5.10 .. :. 165.0 170 I 99
5.20' .. 152.5 172 ~

---I----I----I---il-~

Total. 170. 83 .J70.33 I 99

'------'--.------'------'

1.
I

a Running S!ilrt WlI.~ mnck; watt meter was 37.S per cent last, volt meter Wf\..~ 1 per cent low-If,!
all reading!' of watt~ and Yo!tng-E'.

bl.<lw rC:ldillgs due to low voltage at power house.

172. ~5
170. ~'>:l

2R ;~fl

20.51
80.00
31.51

274.95
248.8;

18.4\1f

,
t,
I

DEDUCTIO~S.

Average voltago corrected for error_ .. . .
Average amperes in both phases .. . __ .....•...........
Apparent energy consumed by motor _ _.. kilowatts._
Actual energy consumed _ _ _do_ ••
Power factor _ __ . . __ .•••.. _.••••......• _. per cent..
Horsepower actually com1l1med by motor . _ _ .
Average gallons of water pumped per minnte • _ .
Total head, in feet, pumped against __ . __ . . __ ._._ _._ .
Net water horsepower _.. _ _ __ __ . _ _
Combineu efficiency of mater, pump, suction piping, and ~-mile S-inch

main . __ ._ _ _ _per cent.. 58.68
Power rate pai~l per thom:and gallons pumped_. _ .. cents.. 4

{ "'"Equivalent cost per horsepower per hour and per kilowatt per hour ...do_ - - 2: ti~

Reducing the figures to the basis of cost per acrc·foot of water lifted.
we have the. following:

Cost of pnmpill[l1t'atcl' at the Tempe, Ariz., u'aterworks.

Cost of plant·(uot including- the reservoir anll di:;;t.l'ibllting iiystcm) _..
Interest on lIlve:-:tment at 7 per l'cnt per lI11IlUlIl for 19.8 hours _
Depreciation at 10 per cent per aunum for 1n.s hours ..•......... _. _
HouNtO pUlllp 1 aere-foot .. _... __ •..... _._ ... __ ._ .. _•.. ._. ._
Cost of power to raise 1 acre-foot (power furnished at. 4 cents per 1,000

gallons of water· pumped) _. ._ .. _.. _ _
Oil and incidentals (estimated) _ _.•

$3,700. m\
$0. .'i~l

$0. ~~

Itl. ~

$10.0;
$0.0;'



)"t"r 1,000

, -', 1903.

,( of "ater lifted. I'

-.I
dJ

37

$14.55
249

$0.058

Log of 1I. L. ChaHdler'81vell..

WELL RECOHI)~-TII}I: MESA REO [ON.

T. ,1:11 ,'0:-4 11<'f acre·foot....••••..... - -. -. - -.' .
r,,::I! lilt ill feet _ _ .
.\ \"I'r;lgc (;O~t p~r foot in Wting 1 acre·foot of water _..• _•......••.....

10:.' .

Analysis of 'Uv:,ter from H. L. Chandler'! well.

lluantitath'e (p.'nts in 100,000):
Total solids soluble at 110° C _ _. .. 224.00
Chlorine in terms of NaCI (common salt)_ _. .. 146.00
Hardness in terms of CaSO, (sulphate of lime) . . . .00
Alkalinity in terms of Na,CO, (black alkali) 2.12

Ilualitative:
Snlphates .~~ •..•.•.............................. _. _ \'ery strong.
Mag-nesia .••. ~ ••••••• ~ ••••••....••...•••.•••.•• _.•............ Very strong.
Litne •... _.••••.•••••..• ~ ...•............. ~ •.....•. ~ •..... ~ Strong,

CHANDLER WELL (SEC. 21, T. IN., R. 4 E.).

~lr. n. L. Chondler proposes to e,tahli"b "pllmping plont for il'ri·
""Ii"n abollt 1 mile sonth of Tempe. Two 12·inch donble·steel·eused
\\'1·11 ... were ~tal-ted, but accidents 11<\\'e caused a· discontinuance of the
,,,'rk. One well. however, reoched a depth of 186 feet, and the
1"<',·ur<1. furnished by the driller, is gi"en herewith. The well is in
'~:ltl'r-bcn.ring gr:lYels and bowlders thronghout nearly the entire
d,'plh. There seem, howe"er, to be two distinct bodies of bowlders
.,'parate<1 by 8 feet of cloy. The upper or surfoce water is olkoline,
frPl1l wbich the lower water is probably free. as is the case in other
"...11, of tbe I'egion. The lower woter wo·, struck ot a depth of 41 feet
11t,llI\\' the snl"fuce. An llIH1:::11ully hl.J'~e number of bcnxy bowlders
\\'1'1'(" encountered in these wells, making the drillillg" a matter of some
difiiculty, but at the "ame time indieoting" comporati"ely free pussag-e
ftll' the undertiow. It is in tbe beds of coorse gm"els ond bowlders
Ihat the greatest amiloble quantity· of water is to be expected.

Feet.
~oil and cement .__ . _ ~ _.. _..•...... .. _... 11
I; ravel find bowlder:;, water betlring . __ .. .•.••.. _. _••.• _.. _ __ . . .••. 22
l'lay: .. __ ...•..... _.. _ : _. .. _ _. .. .•..... 8
tiruvcl and bowlders, water bearing . _ _. _. __ ....•••••. 145

A sample of the woter was taken for onolysi, from neor the hottom of
the well, the water beiug obtoined from the saud pump as the bucket
,ras hoisted. The sample is not therefore representotive of the water
at this loenlity. The alkali is probably from wotel' of the upper
,Iralum. ~amples of woter token in this way from other wells which
".ere afterwords cleared b.v pumpiug show a greater pl"Oportion of
",Its thon samples token "fter pumping. The analysis, however, is
la're gi"en for the sake of completeness and for tbe purpose of indio
"ating something of the quantity of salts contained in the waters of
this locality.

3.3.')

3.33
3,33'

3.3.')

3. 33 ~

. kilowatts..
......do...
_.per cent..

!l) : ••••• $3,700. <Xl
__ $0. fl~' I
-........ $O,!'4 I

19.' ,

.•.•••••••• 31.51

..• _•••••••• 274.90;
_......••.•. 248.8; i

... _••..•... 18.-l~ I

·mile 8·inch
. _ptr cent. . 58.6.':
..... cents.. 4

{
2. J::

flur ...do... 2.~;

~'Il,~'ince-l' under
Illade n, carl)ful

1il1lt~d, etc. :MI',
,_ in the tabuhll·

~a" YC10C'ity'\ Diffl'r·
I" 1 walt I cn"I'
"~ n1~h,no;pe bel\n~cn

'11, I minute. gage.:..

-1----,
i

WI3i,OO
, i
_1 I•.••• •••

"'.' f :H 50-" , .
;'i! 34,50

'~I 35:50
is I 33, 50 3. 3:1

,:::-35:003:33,
~;,~ I'per t:ent low'-fm l

f
I,,

.... _....•.• 172,55 i

.........•.. 170.3:3/
29.::I!l;
23.51
SO.()(1

'. -.
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II ,'...lO, UND}:HnROll~1) WATEH::; OF SALT RlVEH. VALLF.Y. h ... l.

;j / ~re 180 feet deep, aud penetmte the gl'lll'el and bowlders common;
V that region, It is worthy of note that clay and granitic wash wei

found beneath the bowlders,

Log oJ1ceil of B. 1:'. JolulJJOlI, lleal" Mesa, .+riz.
~\,

Soil ... .. • o. •• __ • __ ••• t •• •••••••••••••••••• I

Sand, g-ravet, amI bowlders __ .• _..•••.•. _..•••••• _..•. _•.....•• __ .••• .... l~

C,lay __ . _.• __ •••.•• •. •••.•• _..••• __ ••••••• _•••• _••••••••• _•••• _•••. _.
Granitic \v3.::!h .. _._ .. .•.. _ .. _.

TEMPE·MESA PRODUCE COMPANY'S WELL (SEC. 23, T. IN., "R. 4 E.

The company has recently cstabliBhed a pumping· plant at i!·
creamery lien,!' Tempe. There is one 12·incb double-steel·cased WI'I
100 feet deep, As indicated in the log it is iu loose gravel Oil,.

bowlders through pmctieally the whole depth,

Log of TerJlpe-Jluu Prudw:e ComparlY'iJ '/c~.ll.
Fet:

Soil ............................................................••..•....... II
Gran'll and buwlders ......................................................•. ,.

DESERT WELL (SEC. II, T. 1 S" R. 7 E.).

This well i~ located about 15 miles southeast of ::\Iesll, on the roa(~

leading from ~Ie.sll to Flol'cnee, and i~ owned at the pl'eSent.tiillC j)y

Thomas Buehallan. Tbe well, whie.h was dug in lSS5~ is 212 fee!
deep and contain' 24 feet of l<ater. On 11 platform neal' the surfilt,
of the water is a pump and f::llJull st.eam .engil,te, supplied by stem].
genel'llted above ground, whieh lifts woter at the mte of 25 gallon'
per minute. The surface of the wllter is lowered 10 feet by the pULllp.
at which stage the intlow equals the deLllllnd of. the ]Jump,

Log of Desert ,,·ell.

II Wash" (sand, pebbles, clar, and cement) .
Sand ..........•.............•.....•........•........................ , .
Cement. ::1 1

Sand and gravel _...•...............................••...•.... "_ ••......
Cement _ _ .
'YatE'r·1Jcuring gra\'el _.............................•..................

T~lC material peneti'uted ·in digging the well val'i.f'~ fittlc ill the 1·"',"
feet exposed abon~ the water. The side,., are not ca:;ed, except in tlltT!'
plates where loose sand was encountered. The m:ltcriaI is •• wa;o;h ,.
from the hilk 1t is an intimate admixture of clay, 'and, anti pebbk·
more 01' les.5 cemented in places by cnliche. The pehb.les arc angul:u
an-d g'iyc slig·ht iHdicatiotl of the 'action of watot'. Alt.hough the :;idt'~

of the well :ll'O Hot protected ill allY way, they have stood for eiglJtl'l'll
yeal'1'3 without material cb:lJIgc. Little moisture reacbes thelll from rb,'
surface, and no water-beul'ilig scums were encoulltl..m.~d until neal' tiJ~

" \
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._...,....., _......~ A'....C".'~ ~_. ~_~_ ...'R_._'- ..............- ._-



e'i 'M' -, _-..----~~'-------'"--~--.~~--'.."IW ............,""-" '-
,LEY. 1::11, 1::1;. \rELL HE('(mDS-THE MESA ]UXnOX, 41

,),

,I']'.'; common III
nit il' wash wcre

FecI.

... , .. ", .. " 10

~~~:~~~:::::.: .1~,~ i.
.. _.. _. _.. _... 8!
T, , N" R, 4 E,), I
It! plant at its I.
:-otcrl-cased well I
lo:~e grllvel ann I

!
i

Feet. !
, 10 i
._. .•.....•. 00 I,,

!
I,

;a. on the road I
, ,

~~'~,ent ~ime by I
"'Y. IS 212 feet I
H'tH' t he surface i,
,plied by stealllI
e of 25 gallons
et by the pump,
np. ' ,

l•Feet. ,

15~ i
:::::::::::::: 2~ 1

:::::::::::::: ;I
little in the 1S8
, except in three
erial is "wash"
Illd, aud pebble.
Illes are angular
,hongh the sides
)od for eighteen
's them from the
d until uear the

I

hottom, At a depth of ~1~· fl~et:t cement layer wn:-; penetrated and
w:tlcr eueountcl'cd undel' ,':iutlicicnt ]lI'CS.":illI'C to raise it,:!-1 feet,

)11', Buchanflll reports that the water hn~ heen ,~tl':l(1ily rising in the
w('1l for eight, YCil.l'$-C\-er :::inee he has oWllcd the well. l'~,-cn during
thc exceptionally drJ' years of If,Ol and 1002, when lIlany of the sl!:ll
I"wer wells of the ;'alley entirely failed. the waleI' in Desert well
:-Ieadily increased in volume. 'fbi;.: incrca:;c is somewhat yivirlly indi
cated b.y the prescnt position of the engine and pump in the well.
"'hen placed thcre the platforDl upon which the,' rest was built at a
,'onrcnient distance above the surface of the watcr, At the time of
nil' \'isit the wat,er was 3 feet deep ol'er the platform and the engine
:u;d pump '''ere ,submerged.

The quantity of water doe" not appeax to be snch as to wanant the
::'lIpposition that this well draws from the great grarcl beds furnishing
the principal fiow in tbe 'veils farther west, Twent,,',tin gallons pCI'
minute is a small ,"olume compared with that yielded by some of the
II'clls, and yet this yield lowers the wat!lr in Desert well about 10 feet,
The quality of the 'l'l'ater ~ shown by the following analysis and the
clen,tion of the 'l'l'ater 1,260 feet as ag"inst l.13! in the :Murphy
~1C<~ueen well renders it probable that the stmtulll fl'Olll ';'hieh the
dp."icl't well draws its supply i.,:; connel'ted with what is known fls·the
snrface tlow of the mlley rather than with the deeper nndlarger lIow.
In order to strike the lel'e! of the water-bearing gmvels which supply
thc water for the large pumping plants of the ,"alley Desert well
would ha,'e to be lowercd about 100 feet.

Analysis of u'Oter from Desert well.

llnantitatiye (parts in ]00,000):
Total solids solnble at 110° C _ 32,00
Chlorine in terms of KaCI (common salt) _ _ __ . . 5,20
Hardness in terms of CaSO~ (folulpbate of lime) _.... .00
Alkalinity in terms of Xa,CO, (black alkali) 4,66
Xitrogen in terms of nitrates ..... __ .• 'O_ •••••••••• _ •• •••• 'O .494
~itrogen in terms of nitrites ...•.• __ _ ____ Very faint.

lJualitative:
Sulphates ..•..••...... _.....•. __ .. _ '.' ~ •....... _.. Faint,
Jlagnesia ....................................•.......•.......... ,rer)' faint,
Lime _. _~ Fa.int,
llicarbonates _. . _. _.•. _. __ _ None.

KLEINMAN WELL (T, 2 S" R. 9 E,),

~lr. Daniel Kleinmau'. well is about 10 miles southeast of Desert
wdl and 25 miles southeast of Mesa, on the Mesa-Flo,:ence road. It
lI'as dug to a depth of 272 feet, and hom the bottom a H-incb pipe
was chi"en 12 feet, making the total depth 2S! feet. The log of the
wc,1I could not he obtained, The quantity of bowlders taken from the
well, however, indicates that bowlder and gral'e! beds make up a large

< 5 J----
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Throughout the ~lef::a region, ",herm-er ~pcciaI inquiry 'Va:.; Ill"

it WIL-; found that the .,:,urfaec of the underground water bus been r

tinnally lowering for 0'0:""". Wells which w~i'e formerly produ",
throughout th" year ar" nOl" dl',l' for a pllrt or all of the year. \1
few exceptions the wells hal'll been 1001'1l1'ed iu order to obtain "
cient water. This lowcl'~ng of the water has been pl'ogrC'ssi\"l';
well. ha"e been deei,ened repeatedly. In the "illinity of Teml"
witer ha, lowered abont 'i feel. Xear :\1esa it has lowered 'II

more. According to Code\,a. lllca:s,urernellt in lUOl, the 1l00:mal W:..
le"elnt the Murphy-M<,Queen pumping plant was 22.5 feet helow:
land ,nrface (,ee fi~. 2, p. H). On .Tanuary 19, 1901, this lenI ,
found at tbe same place to be 3" feet below tbe land surface.
eertnin places the lowering- is reported as 20 feet or moen lUore.

While the undel'gTound water supply of the "alley has been decr.
ing for a number of years. there fire .yearly \"ltriations depending IJ:

or less directly upon the nhulldanre of surface waters. Certain"
arc dry.during the dry seasons and contain water during the sea,
of more abundant supply. The term "rainy season" is purpo·
amided, the seasons of more almnd:mt surface waters being tho>
which an increased supply enter. the valley in streams. The rai,,·
the "alley it.,elf are so slight that they ha,e no effect that can

, detected in the wells.

TIlE PJlOE~IX REGION.

PHOENIX WATER COMPANY'S WELLS.

Predous to 1902 tbe city of Phocnix wa. supplied with water fr
two dug wells, 42 feet deep, whicb had, when measured, 10 reet
water. During the exceptionally dr." season of 1902 the water in II.
wells failed and three 12-inch double-steel-cased wells were drill,.
a depth of 208 feet. An abundant water supply \Va, fonnd at a cll';
of 55 feet, and theuee downward to 208 feet were continuons \\,:1'

hearing gravels and bowlders. The water from the open wells co:
from the upper gravels indicated in the log, and tbat from the dr;'
wells comes from the lower g-ra"els. At tbe time of my visit ("
plant water from one open well and one drilled w<ill wa. supplying
cit.,· Ilt the mte of nbout 1,750 gallon~ per minute. It is said thaI·
of the dri lied wells alone hns yielded water at this rate.

Log oj well oj Phoenix Water Company, near Phoenix.

Soil _ __ .. .. -'_ __ .. __ ..

Growe! and bowlders, water bearing..............................•..•.••.....
Clay and cement ........................................•...•••...••...... '
Gravel and bowlders, water bearing.............•........................... '
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f
1
I

l
1

!
•,,

,25

.00

5.44

ii.60

132.00'

Yery faint:

Strong.
\' ery strong.,

~'--'.-..-----'..._-'- -'-.-- -- ..- . "-.
lltRl~

-----_.--,---
" I1. Dng well, j 2. Dug well, 3. DIlg wl'll. ~. Drilled well,
. .sept. 1~. 18~. ' )lily 9. 190'2. ~fllr 14, 19Ua. I )18)' 14, 1903.

-_1_---;---1 .
1111:llllitative (part.~ in II I'

100,000):

Tolal l:Olirls ~'oluble I
at, 1100 C...._.... 116.8 102.4 I 1:l6.00 ,

Chlorine in terms i I
~~l~a.~~ ~ ~~~~.~~.j 72.1) rH.6 1

1

. 80.80

Hardne~-s in terms of ~ ,!

CaSO, (,ulphateof I
lime)···········.i Strong. I 8.98 1 6.53l

Alkalinit.y in terms j' ! I I
(If Ka.OOs (black 1

"i':~~:~,~;,;;;,~;~;~III ·i ·1 .00 i
Hf mtrates........ .10 .16· .~ i

Xitr.og.en.ill the formI: '
01 mtnres ....... " :0007 ! ,0045 .02 I

'l'lalitative: ! I j
~111phates ..... _•••••..•........ i '·ery strong. IPronounced. I Pronounced.
:\Iagnesia •..................... ' "ery strong. Prononnc<'d. I Pronounced.

Lime , Very strong. I Strong.
BiCHrbonate!:l . • ! St.rong.

LLS.

'd with water from I
'asured, 10 feet of !

, h I
~ lhe water In t eSt I
e1b were drilled to I
" found at a depth I

conoioWluous water· \
I

e open wells calle",
at from the drilled.
.' of my visit· to til· ~

I W,I> supplying tlJl i
It is said that 011' ;

rate.· I
fu)(nix. I

Fo'
•••••••••••• ••• J

::::::::::::::::: 1:I
D"pl. Agrlc., DulL UO, ~""'l

I

IIqllir.~c<. was maue,
:Iler has been COil·

rlllcrl, producth'c
t llie yenr. 'Vith
leI' to obtain 8uili·
!I progl'cssh'c find
"il\' of Tempe thc
1:1~' lowered, 1l1tH.'h

"1
. the llornFtl water I
':,,:, fect helow thc
IH..1. this level was
land surface. At

. cren more.
" ha~ heen decl'ea ':i-,

l\'i depending mol'~ •
:1'>. Certain well- !
during the ::,efl:SOIl~ i
..;011 ,: is p.urposel~·.:

er5 being those ill!
alll~. The rains 111 •
crred that can be I
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PHOEriIX LIGHT AND FUEL COMPANY'S WELL_

-,,

..__-,O"_'"]~''' liNDEHGROU),'D W;\TEHB OF SALT RIYER VALLEY. l:xo. I

,: J;

This company ha" a single 12-ill(:h double-steel-cased well at 1~

power house in Phoenix, The well is 194, feet deep, with water III

depth of 31 feet. Below a depth of 4u feet, 16 feet of clay and een"..
occur, Otherwi"e. throughout the entil'" depth of the water-heuri:,
portion, the material is coarse aml wholly unconsolidated-, '

Dog fd l'hUo.'II;." !.if/hi /lll(l Fuel ('omlXJlltfS 11'eU.
",Soil __

Gra\-el, water in the lower pHrL. ••••••••••••••••.••••••••••••••••••••••••.
C.elnent .. _. __ . _•••...•• _~. _ _.•.•• __ • __ . __ •. _••...
Clay •.. _.. _•..... . •.. _ ••• __ ••••. : •• __ • _...•••.•••• _.......•...
(;elnent _ _. _. __ ....•..... __ •......•. _.••. _ .
Quicksand _ __ ......•......•. _.. _ _. •.•.. '"
Sand, gravel, and bowlders, water hearing I:'

A sha1t has been sunk to neal' water level and cemented to excill"
any moisture from without. At the bottom of this shaft is placed II.
centrifugal PUulP and 50-horsepower electric motor_ The water
us~d for condensing stenrn in the power house, after which it is u~

for irrigation.
A eareful pUlUping test was made at this plant under the direet;'

of ~Jl'. D. "r. Beldon. the engineer in charge~ with l'e::mlts given bel<'I\'
It will be noted that ill this case II single 12-illeh w~ll is yielding I,!':'
g'allons of water pel' minute continuously, with a local dcpressiolll
the water table of lit.tle inore than 16 feet,

...
" ,
..,

. ,

.. ;

'. "

, ,
!I

\,

"
... ·1

\1
I,

f'il

I

Report of test. on electl"icf.flly dliren cefltrif«gal pump JOT irrigatian.a.

(Test madtJ JalHlI\r)' 10, 1904, by D. W. Beldon, electrlCll.l eIlRin~r.]

:Motor (3 phase; 3-50 volt; 60 cycle) speed ..... __ .....••.•....•.. r. p. m .•
Pump (direct-eonnecterl L-entrifugal; lO·inch suction; S·inl'h discharge)

f. p. m _....•... _..............................••• _~

Height; PUlllpl't:'llter abm'e water (still) _. .. .. feet •.
Vacuum; pUllIp running __ . .•••.. inches._
'Yater Imwred by )lump rnnning (22 ieet- n! feet) ..••.. _...•.. feet..
Head above \'a\:UUlH :.rlWgt' ••••• _•••• __ •••••••••••••• __ • _•••••••••• do ..••
Total head (le~s .Ir~ctioll anf! \"elocity of tliechargEl) _ _•... do ..•.
Water pumped per minute . _ _ cubic feet ..
Total power ah~nrberl hy molOr _. . __ .. _ kilowatt." ..
Kilowatt hOUr:! required pt'r acre-foot. __ . ..•...... __ . _. __
C-ost of power per acre-foot. (2 ceuU' per kilowatt hour) .
Cd'it of'power per acre·f()l)t (per foot of liit) _ _.•...

I'

111;'
~2..

;<0.0:' ..

: ~ . t,

_ ' II

l'A

PERKINS WELL (SEC_ '3, T_ • N., R_ 3 E.)_

Ml': C. \r: Perkins has a Ill-inch drilled well lb,) feet deep. '1'1
water :-;urfllce is S3 f('ct. helow the stll'f:we of the ground. The wl,1I

<lThi.~ r('I~)f1 flill w,t rl·al"!l tlw wrikr in lim~ to "t~ il\dud~d in the CfmlJ"lhltiolli" of co;;t ~I~'~"r"
III the iolluwillg: l.:ltapkrs. TIlt' l~o~t L10cs :lot dUrer mlllerhtlly frnm chut ot other II"cll'~'illil';

pumping plant"".

III

• 1
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·ALT RIYER VALLEY. f:-:lI. I.
WELL In;CoRD8-THi'~ PHOENIX REGION. 67

F••

L COMPANY'S WELL,

'"f{ COlllpany's v·e/.!.

P~t.

.;
12

118

83.60
30.80
8.30

.60
,53
.871

Very strong.
Strong.
Strong.

Log oj Phorni.t' J/ac/rille and OJld Stomge Company's well.

I awl bowlders slightly ccmcnt<'tl. _.. _.. _. _ -_ •.....•••...' .
!. L::r:n-cI, alld bowltlers, water bearing -; _ __ .

~.'lliitative (parts in 100,(00):
Total wlids soluble at 110° C __ •.. .....••.....
Chlorine in term8 of SaCI (common salt) _. __ . . .. __ ~ _ .
Hardness in terms of CaSO I •••••.•. __ •. _ _ •. ~ .••• _. _ •..•••• _ ••••.••

.\lkalinity ill t-erlll8 of Xn~CO! __ .. __ _ .
\itrugen in the form of lIitrat~~ _. _ _ _.. __ _ _ .
\ilrogen in the t'orm of nitrites _.. _.. __ __ ...• _. __ .

,:t!ir:ttive:
~lllphates _.. . _._ _ _•. _ _.......• _.••. _..
.'fa:,;nesia .. __ _ _.........•.•... __ .•• __ ••....
[,ilne . _...•._•...•• ; ••.....•...•...•••.•.••••.. __ _...•..•..

PHOENIX MACHINE AND COLD STORAGE COMPANY'S WELL.

· tll:tll'rl at ~\'[r. Perkins~s olivu-oil factory. and the water is used for
.ri~ating bi~ oliye and ornng-e orchards during dry times when ditch

II"!" c..-m not be ohtained. The distance through which the water
;~! he raised (a minimum of 83 feet) prohibits it.., economic nsc

\"''I't as a last resort. Before .the well was put down the lack of
:li'l' in the irrigation canals at t'l'itical times caused ~eriolls damage
, rllO' fruit and even the death of" "H'ge number of trees. Costly,,"

· i- to pump from such" depth. water at a (Titical time is worth much
.,'1'1' than it cost;; in sadng- \"l\lu:l.ble crops that mig-bt otherwise be
'\Ired or wholly destroyed. The well yields about 200 gallons 'per

.:II\ltC. The water is lifted hy means of a deep-well pump, operated
:1 g-asoline engine.

Analysi~ of 'water from c. lV. Perkin:!s u'ell.

, .1

· Tho well b located at the company's factory in Phoenix, and was
.,! down in December, 1U03. It is It 12-iucb double-steel-cased well

: ,:. fect ([eep. Only 5 feet of nne material was encountered at the
; :rt'al'c, nil below this bei~g entirely loose ~and,gnl\·el;arid bowlders.
"":I(i'l' is ruhsed by mcans of a deep.well cylinder pump, but since no
:,··"t supply h required the capacity of the well is not known.

I
I

-." I.- I
•,

;, !
; I
. !

I,,' i
l I

:." 1

trifl/gal pump jul' irrivation.(t

Beldon, ~lectrlClll engineer.]

._.. __ _ _ t'eet__
............ _ inches..
It.'d) .... _..••....... _feet..
. -- __ .. __ .... __ .. __ .,do .
",oJ __ .. .do _

............... __ cubic feet..
. - _. kilowatts..

....... ~ ..•........ r. p. m._
I sUdi.on; 8-inch discharge)

______________________________ .. 1,

.. I('\'el and cemented to exclud·
ottOIll of this shaft is placed tl,
electric motor. The. watel' i

'cr house, after which it is 1l~1"

.t this plant nnder the diI:ecli,,'
harge, with re,snlts gh'cn bclo\\ !

Ie 12-ineh well is yielding V':'·
us!y, with'a local depres~ion Ii

:eet.

, double-steel-cased well at II

; Hi! feet deep, with watel' '"
: feet, 16 feet of clay and cen,,·,
tire depth of the water-bea,.i".
Jlly unconsolidated.

·lu,I. ...1 ill the etlmpntlltiOll!' of l."O1'l ,It.,.,'ril.
ltHh'rit\lly from thnl. Qf OIlier 1I'l.!1I-t'4uil'i

BARTLETT-HEARD LAND AND CATTLE COMPANY'S WELLS
,(SEC. 30, T. IN., R. 4 E.).

\11 ('xtcllsh'e pl~lllpillg- plant has heen plann'cd fol' thi:-i compa,ny for
-t - purpose of obtaining :111 auxiliary water :O::llpply for:l h~l'g-e tract of

·1 lying' :south of l)hot·.lix. A h:lttery of :-=ix 15-int'h douhlc·:-:tccl
,.i1 ""('Ib has hcen estahlislwd, hut the IHncbillcrr is not iUE;tall\'d at
. \\Tiling:. .A depth of :!S feet of :soil was penetratcd, alld \\"at.e~'

Iring" bowlder:s wcre encountered to .L depth of no feet. The bowl-

:::~.1 I

SO. ().'".:. I

I
tt hour) _ .

I, T .• N., R. 3 E.).

'ilhl well 1~5 feet deep. '1'1.
ilc't' of the ground. The wrll :

·-...._e....,.. .......__._,,~ wp
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WELL AT THE TERRITORIAL ASYLUM FOR THE INSANE ~

(SEC. 2. T. tN., R. 3 E.).

Feet.
12
16
9

5:3

Log oj llsylum n'd{, Ileal' Plweni.L

n.'!. water bearing __ _.. __ . _. _ __ ....•... _:.
.1 ;U\I! CCluent • •. . _•. __ .• _•••••.•••••••••••••. ••••••••• __

. ·..·1 and bowlders, water braring . _ _.. _ _ .

nit' asylum is sithated about:3 mile:,; east of Phoenix on the Phoenix
::'1'" road. A shaft, 12 by H feet and 2:3.5 feet deep io tightly

··.·k"d nnd cemented to shut out any surface water which might seep
FroU! the 'bottoU! of this shaft :t 12-inch well was sunk $7.5

,I. "I' 110 feet below the surface of the ground. At" depth of 57
.-t the wntel'-beul'lug gl':l\-el wus 8trut'k~ but the .-::upply of water is
·f a.'i g'l'eat as in oUler wells entering what j$ preslllllably the same

'-t\'1'1 bed. This may possibly be due to iillpcrfeetiolls of constl'uction;
.it· the lower 24 feet of the pipe are perforated, and these perforation,

• ro' lIIade before the casing was fon'ed into the well. After the pipe
t. ill place the well Wfi~' ; .."ibot.·· This increased the ayuilahle supply
" 't'tantity sufficient for the present needs of the asylum. but the
:11 j:-; not yet as great as might rcuson:l-bly be expected.

:';llin::
"lJI phate; .. _. _••.•... - . - . - ....••... - . - - -
\la~lIc~ia . __ . __ .......••• _...•.........__ . _. __ . __ . _... ..... Btrong.
t.illll' ••• _ •• • _ •••••••• _ •••••••••••• - - •• _. - - - ••••• - - -0- •••• Strong.
l:irarhouate:; __ _ _ .. _ _.. _. V~ry l:ltrong.

WJo:LT. RECORDS-THE PHI).E~1X }{EUIuX.

.\ "((':Ull pump is located at the bOltOlIl uf the ':;haft and a 8ltction
!".~... feet long extend$ into t!lC well. The en.gine is usuall.r r11n at

: ~;Il.' which lifts 95 gallons per minute, and deprC'sses the water sur
,. :, feet.. This has been fonnd to be practically the capacity of the
fl.

j ill'm nrc two water·bearing horizons in this well separated by 9 feet
day and cement. Sinee the casing i~ perforated only Ilcar the

'!,.,tll, the upper water is shut ott', Hlld analysis 1 of the following
• :•• i:-o from water of the lowcr (J'I':1\"(~ls. AnalY8is 2 is from watcr ofo • .

,,·11 4~ feet deep and therefore from t.I1o. llppN' body. The great
d:tl'ity of the Hllaly:..;cs indicat(\~ that the two water bodie:oj arc
ft;ll!,.\. coonected.I

I

in the proport.iou of
n area wa5 tested~ 011 r

: it pro\-ed satisf:h·l.
question regarding' 11.
forations. A .haft ,

and a small centritli.
.bottom and belted t..
;ion engine at tbe :'\lrf:.
:llted 2.5 hour$ and l"i

cry ten minutes. It-:

of 78.S miner's ilidl"
')el' minute) and 10\\'
;ell lfl feet and $ illl

er in the ~econd \\"1·11.
tested, was lowel'NI I

tl" .econds after th(' I'"
J'~se to tbe normal i,'
mkcs cOl'l'e~polldillgl.\

ater table and the 1"1'1.
I,,' better perforal i..

11 l;l'ohahly he 1ll:lt,'l"

{'all be ~till obtailll'~

lis.

lYER \·.!LLEY. '~".

lid GillIe ('ompallY's 11""".
'hnmry 4. lOO·t]

)f which was penet)"al.
consolidated. XnnWr.
·vere taken from thp I',.

and its sllrfill'e do\~.. :
at a depth of 32.:; f,
ayel bed drilling \l'a- .
land a preliminary pill.
'. Fuller, thl' engincl·f
'aHable quantity of w,,'
at this place.
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Log oj Phoe"i.:.r IlHlia,n &haol ;rt';galioll well XQ. 1.

~"il. 1

• IlId,
• ''In('

;'tlily

-.lll' I
hillY

'\1,,1

III t'

; .. '111

"1"1

<·1 ft-

,1:.1

"'U.'O

,·!Ial'

·,pl'l

\\ ;111

ti":ll
:1I'ld
;\ 1·11.
ii ...1'i

,\
1'1::1 'C

;11 ;L

~illt',

:lIacl
nil'
, 11:1 r

·,f "
TI

,·a .. t

·j"11 t
.1!IJ'

fllull

lilll·d

"

NOIll·.

Faint.

Faiu!.

120.-11

79.:."
1:1. :,~,

None.

Faint.
Faint.

126.40

78.80

13.60

i . :Su.1. Xu. 2.
----~--·l--~---- --_.__

j
(lllantitatin:~ (part:.: in 100.0(0): i

Tohll f<Olids ~luble at ]lO° C _ _ _ _

Chlorint' in terms of SaC) (Colllllion :-ialt) _

Hardness in term~of CaSO. (sulph:ne of lime, ._,

Alkalinity i;l terlll!'! of Nn~CO~ (!'lack alkali) _.
Nitrogen in the form of nitrate~. _..... .
Nitrogen in the form of Ililrite:-: •••• .•.•. __

Qtlalitatin~:

Snlphates.. _ .......•.. _. _ _.•... _.. __ ! Yery st-rong. Yer)' ijtrOllj:'

Magnesia. _ __ . __ Strong. Yery strouj..'.

L~~le ~. _. ~ .......•........ _._ 'j Strong. Very str(J'rlg

Bicarbonates , - - _. _. - - - - - - _ : 1 _. - - .- ..

Soil and cement .. , .. _ .
Sand, cemented in places _....•.....••........................... _ .
liard, whi.tc C(>lllent .. _ _............................. I;'
Quicksand ....••.•.. _..
Sandy clay _.. __ . _ __ . __ _. . _.. . . __ _. _.
Sand, water bearing. __ _, . _..... .. __ ...•.•.......
Alternating heds of sand, clay, and cenwilt (no definite ret.'Orrl) ~ .....••.... _. .. ti:!
Celnellt __ __ ._ .. _ _ __ .. :!II

Celnented sand _......................•..... _.,.. _.••••... _... ~-l

Granite wn,h, water b"aring :.. ..••.. .•••. .••... "
Sand llnd gr.l\·el : _•••••••.•••...••••.•.• __ •.......•..•.. _. I~

Cenlcnteu. -saud .. _ __ .. .••. _..•••••••..••••..•....••....... ,
Sand and gnn"el, water bearing ..... __ .. _.. _. _. __ ..•...........•............
Grayel and bowlders, water Jx>aring _ _ _ _ .

PHOENIX INDIAN SCHOOL WELLS (SEC. 20, T. , N., R. 3 E.).

There are three deep wells at the Indian Sehool, o"e at the powrr
house and t,~·o, de""igned for irrig·n.tion, some cli:stam:e from thl'
school building.,. The well at the power house i, 193 feet deep a"d I'

inches in diameter. The water is w'ed to supply the 'chool huilding,
and lawns and is pumped at the ratc of about 60 gallons per minute.

The first ilTigation well i, dug to a depth of 56 feet. From the bot·
tom of this pit two 6·ineh hole' ha"e heen drilled, the first l!5 feN
and the second 338. feet in depth. The "'aler sta"lb 36 feet beneath
the surface. It W.flS the original pIau to l'ut the well casiug flt tho bot·
tom of the opeu part and allow the water· to tlow from the drilled well,
.into the opeu well, from "'hich it was to he lifted by a bueht pump.

I:

I
t'
I

I
1
I
I
!,
I

The material pa:-::-;ed through goa\'(:- promise of t'ompfll'at.ivel,v littl,
watrl'. A gr:n-cl bed wa:o; ellcountered at the depth of 33.5 feet. Ulli

• \ !K.l

39 ¢
" 4

,Jje
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LS (SEC. 20, T. IN., R. 3 E.).

"Ii,," SchooL olle at the pOI"'"
tioll~ ;-;ome di~tallce from th,
er hotl:;e is 198 feet drep [tlld ' I

to .,.'pply the school huildin,. r
llhout l.lt.) galloll8 pel' mi.llllte. ~

,plh of 50 fcet. From the 1",1
h"ell drilled, the nrst H5 f,--;

~ water stand,-:j 36 feet hCllc:tl:'

t) ~'llt the well casing at the bill

'1' to 110\\- f"om the drilled well·
I", lifted by" bucket pUl1Ip.

ALT RTYF.R '·ALLF.Y. ["'''. I

··············1··-··· .. -."
r

·85
H
40 ..
30
1.0
16
30
:l

Feet.
Log oj Phoeni.l: indian 8dlOOl in'ifJation wdl. .loYo. 2.

• .1. J'ialld, and celnent . ."•....•.. ~ _ ~ .. _.......•••
',\l"I, waterhcaring ..•.•.......•.............. : ..............••.............
'l:Wfltl.'d sand .......•.....•........_...•....... _.. _ .

" :!!y day .•............ ~ ...•......•...•... _ _._ .............•...•.•••...
'."" -- : -- .
I";:! y clay _...•.•....................••..••....••........•••.••....
· ,1,,1 ;uld gra\·el .....•. : ....................••••• : ..........•••......• ;. ~ ...
:.• ~t. l":lndstone .... _.. _.•.....................•....................••.....•..

WET,r. RECl)RD:'-TIlF. l'HoENIX 1<>:" IoN, \}J'71'\
. "

t!. " the cn;-;illg was not extelldcd to the bott~.HII 110 headway l'ould ~~, '\
,'!•. ill the loo~c grarcls, nnn. the drilling' wa~ ilbaDdolled for a. tilll .)

; .. ' gr:t"cl bed at the bottom i~ promising, lint its thickDe~s ami
:.·.Il":u·ter are uukno'i\'n. :·\t a preliminary putflping tc:4 ouly ]0 inches
: W:l{l'r was obtained.
TiI,- well is supplieil temporaril." with a bucket pump operated hy

,:1 ,·It·ctl'ic motor. "'hen running at ordillur.\ ,,;pee<l, the pump dis-
·.. II'!!l':-; about 200 gallon:-: of water per minute and soon drclill8 the
:"'1; wdl. A discharge of nbollt lilt} g-allons pel' lllinntf' maintain:,:, the
:.llt'!' len:,l at 52 feet, a dl'!wession of 16 feet. thu~ indicating- the prat.:·
, ,:t1 t'apncity of the well. During the time that the watel' :-:nrfn(.'e wn...'i
. ;.1 :It " depth of 52 feet the water flowed from t·he top of the drilled
,,·iI, into the open part, but without any great for('e, The' rate of
:;.,·hal'ge is slow. and the outlook fol' an underground supply is not

· !I,·ouraging.
.\ l!0od example of 'the depression of the water tahle is found at this

i'b'". In the year 1895 a ",cllat the' Indian School encountered water
,I :I depth of 16 feet, The same well, deepened as the water snrface
"J\\·,'r('d~ in January, 190-4-, contained watel' at a depth of 38 feet-a
~'·I'I"t·:,~ioll or 22 feet ill about eight renl'8.

I
1:'~I. ,

;!I'

....

IX"'.'
Fain'

F:til:

Xu. :!.

Verr ~tr1l/l:

,rery 8tr"ll.

Yery ~tr'lII.

126. ~O

i8.80
13.60

Xone.

Faint.

Faint.

~o.1.

Yery strong.

Strong.
Strong.

1. _
Hie, __

Ft"'l
...................................
..••...•••••••••••••••• _• • • •••. -II'

-, -.. -,--.. ",

..... - ,-

...............................
dctinih·r~('orci)~.. _ Ii:

.........•.....•...•...••.•..•. 'y

. .. . . . .... -.... ,. . . . .. . . ... . . . :.':

.......... -- -- "
•. . •••••. . .• . . . • . •••• •••.•••• . . I:'..._ ~ I
............ -- -- "

........ -- --............. I,
rOBli~e uf cOlllpftrnfiveh- lilli.
at the depth of 335 fe~t. 1.11'

.\ tldrd well has been pUL down on the Indian School farm. 1 mile
'.,-1 (If tbe school. 1L is a 6-inch drilled well 228 feet d"ep. An inci
!"11( Ol'cul'l'ed in drilling thi8 well which has an imp0l'tllTlt bearing- on

:1:1' (In:mtity of water to be expected in this \'icinity. "·atf-'l' Wfts
;""l1d at a depth of aoout 5t feet "nd rose 15 fept, hcping the well
'.!1.,d until a sand stratulll was encountered at. a (lcpth of about l ifI

"·d. The watcr from aho\'e entered this sand and lowered thp ~Ul'·

.. 1,'\' of the water in the well to about 10(1 feet-a depre~sion of :tbout
.',l fl't~t.. This le"el was maintained. the sand absorbing the entire tio\\" .
:'rolll the highcr' water horizolls until thc leakage was stopped by cln,y
;<>III1<led into the toose saud by the 'ietion of the drill. .

This well is slightly IIIOI'C promi... ing than Xo. 1. hut no te8t ha...
.~.,.1l IIJ:Hlc. The red ~:lIldStoIlC at thp bottom i:-: pl'obably the breccill
· 'po.'pd at the ~urfat.:c farther to the ea::,t and norfh.

JI.. t _ .. •



G. W. SMITH'S WELL ,SEC. '0, T .• N., R. 3 E.).

This well is dug 20 by ciO feet, 38 feet deep, and has 8 feet of
water. The lower half of the well is ill coarse sand, gra\-el, unci

bowlrler:;, and required careful t.imbering to keep the sides from cfl\7illg'
in. It wa::-; the material from thiti well which was used ill the expcl'i
ment.described later uuder the caption of ., practical porosity." The
water i:o; rllil;cd by llIe..\Il~ of It 12-hol'sepowcl' gasoline engine and
6-inch horizontal centrifugal IJUmp, at the mte of ahont 50 inches (564
gallons) pel' mililite. Thr 'water is wmd for irrigation.

(}uantitative
Total soli
Chlorine
Ilardn~

.-\lkalinit)
l1ualitative:

Sulphates
Magnesia
Lime •. __
Bicarbona

C(k:t of well
Two mules a
Intere8t on i
Il,'preciation
.\ \'l-r.t).,"C amc
Days require
1':I:oture and j

oil and incid
Tolal cost pel
I.ift, in fet't .
..lvurage cost

\\,illl it:; I

nf the W:

..uctiOll p
Ilt't'. and
lIl:tchi!1e
plane by

Thc co
alld the c.
to a caref
of cost as
I'XHggcrat
,,'ork. T.
,,"d feed"

"n:.)

Thi, well ,
fOl' g-enel'al
It'd of wate
,'Ipetrie mot<
I'h:'lt'ging wa'
(0 Ill,- the ilia

l
I

. 3\)

. 002s

Nont',

Stroll/!.

258.00

::l62.3(1

~u. -4 (60 fet:t).
1_. _

~onl'.

Faint.

33.3t;

222.00

141.00

);"OlW,

I
250.00 I

14.5,O(} ,

21. 80

None,

245.20 .

160. AO :

xu~ 1~~I~ ;~.:~~):-! ~~.·~-\1~--1-~~. 3 (10 fel.lt).l fl't't .
_____!_~__. i . _

l-JlIlllltitatin~ (part."! in i
IfM',OOO),

Tutal i"olidf' soluble at ~

1100 C .•.....•.•• --
('Illorine in terms of

~aCI (cowlllon ~a]t) .

Hanlnees in term:- of
. CaSO, (sulphate of

lime) .... __ . _

Alkalinity in term:-i of
NR~CO; (blat:k al
kali) ...........•...

Xitrogen in the forlll
of nitrates. ._ .. _. .40: ",25;

I !
Nitrogen in the form I

of nit-rites.......... faint tnlce8. .00 I' .0008 I
Qualitative: !

Sulphat~ . __ . __ .. _. __ .. __ . _.. ,'. _. _ 1 \'cry stroD~'1 \'ery strong.
, I

)Jagncsia _.. __ . __ . . __ ...•• _. __ _•..... : . .: Very strong. . \"ery "strong.

Lime __ .. _ _. __ ~ Yery strong. \'ery strong.

Bicarbonat~l' _.. - __ .. _- . .~~__ . _~"~on~J~ . _'_-'~:~"_l~.

THE KUNZ WELL (SEC.•8, T ..• N., R. 3 E.).

The well of Dr. R. E. Knntze and L. Kunz & Son, is 6 by 6 feet.
24 feet deep, and has Ii feet of w..ttCI'. It \va:; .bpgun in lSVH alld
bll•., since heen lowered, but the water is IIOW gradually ri:;ing-. It i~

used for irl'ig'llting a hotnnical garden cQlltaining \·ftl'iou~ kind.':i of
shl'ub:o;, tree...:, and ttowcrs. Since 11;!l9 the gardcn has l>een irrigate(1
with 110 otber watC't'.

The pUlllp is a 1I0rd ill\'cnti.on of OIlC' o·f the uwner:; of tbe place ami·
bas comparati\-cly hig-h cttieiency. The essential pal't of t,fIe meehall'
Ism i$ R light walking beam a.bout I:! feet long- hinged at the eentl'r.

--------_. - .....,_.....,__..-_~ ~,__.__w.__."
l' 74 .;. !44
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A. TILTED PRE-CAMBRIAN QUARTZITES AND ARGILLITES IN THE PHOENIX
MUUNT.... NS.
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.k mass or intrusion. I
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where movement

If' more resistant

'ly resistant rock.
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I <ite (PI. IX, .1.

B. PHOENIX PEAK, NORTH OF PHOENIX.
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0,1. SALT RIVER DAM SITE, LOOKING UPSTREAM INTO TONTO BASIN.

The ,,,c\o, ,S All";)nk'ln QUI'll'tes and .'i',!.,tes drpP"'i u;Jst'elm. Photoi:rl~h by Walt",r Lubk'n.

n. SIDE CANYON IN TONTO BASIN.

~ho""i"i the na:u'e Ollh" quala,tes and .,s:iUitu of Ihe Algon",a" lit••ta of the Sie«a A'lc""

." ., ·::;:::3 a.
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U 5 GEOLOG'CAL SURVEY W4TElI-SUPPLY PAPEA NO 13$ Pl. III

A. CAMELBACK MOUNTAIN, NEAR PHOENIX.
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lJ. BUTTES NORTH OF TEMPE.

Showinll: blec!;'. at the left, ,estinll: on the flank of a i,an;te mountain.
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TEMPE BUTTE, SHOWING TILTED SANDSTONE AT THE RIGHT, OVERLAIN BY ANDESITE.
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A BELL BUTTE, NEAR TEMPE. ,.
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A lava. butte pertly bUried by valley MI.
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R. NORTH END OF SUPERSTITION MOUNTAINS.

A 13'1'. promontory I1li"g lbo... the detlltll plaIn of Salt R,ver Valley.
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VALLEY FILL.
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i
I
I

.\t .Mount )lcDowell Salt; Hin'l" clIlcrg·c:-; from the nalTOW canyon
II.'" which it pa.:i.-;e:o:i through the Super~l·itioll ~hHlI\fa.ill:S and enters the
;'I'""d bottom I"nd.' klloll'n :" :-;"It Hil-i'r Yall",\", (:\Jount :\JcDowcll
_::lllds at thc heiHl of what is tCl'IlIcd t.h ...·.'· nI11('y" in this paperJ
,",lIllie time ago it was propo,~ec1 to ("oll~t.ruct. n dam. acros.:i the Verde
l:in'l" neilr it...; junction· with Salt lti,'cr at .:\1011llt :\IcDowell, and n.
-I'rie;-; ~ of borings ".fi,:-:; IIl:"H1e Hero::-...; t.ho e:lllyoll to :1sccrtuin the depth
I" lied rock. From the records of these borings a cro..::s section of the

feet
"0

Horizontal scale
200 <lob 600 f~et

! • I

Fit.;. l:!.-e~s ~cli(J1l nf Yt;rdc Yalley ll('ur )founl. )lcOowcll, ArizonR.

."Il';cnt or filled can'yon of the ,"crdc 1s constl'llcted (fig, 12), showing
':,al the ,'alley h'L' becn fillcd to a dQpth of at least 90 fcet, This ,'alf···.,· till is compo5ed of wnterWOl'1l material, similar to that found in

f
;r!l' rivet, bed :lIJd thl'Olighont the n111ey at the pre~ent time. This
"·f·tiOIl· may he taken as illustl';ltin~ of the general structure of Salt
l:i\"(,1' Yalley. The ndley, ,"cry mllch <leeper ill pa~t ag-e~ thall ·it i."i
:01\", has been tilled to it>; pre~cnt lm'cl by fragmentary material.

STRUCTURE.

f
I
f,

t

I
I

The region known as the :\Ic:o;a. is at theeastern extremity of the "alley,
iu!!; ahout 23 feet higher than the bcd of thc ri,'C!', The bluffs form

. '.! the edge of the l\lcsa. are composed of l'i"er gm"els and bowlders
,,,ilal' to thosc fonnd in till; present rircr bcd (see PI. IV, el), It is
,i,lent. t.hat the lIIcsa gor:l,'eh were d'cposited by :';Illt Hirer, and that
l'allSO of :,-,omo sllb.,;cquent challg'e in thc abJ'asin:- force· of the rh'er,

q,,:('d perhaps by a slight elenition of the surface, the river has ('.ut
II) it:-; former deposit to a depth of at least 25 feet near ~Ilcsa. How
:<'1, deeper it cut remaIns unknown. The well at the creamery near
llll'('~ described in the former chapr.er, seel1l~ to he entirely in the
·"tlt material, tbough this call not be continentI,'· ;jtated. This degra.
:;'111 occurred oyer a strip 1 to ~ miles wide. The degraded area was

:lin ("oyet'ed with dehriB fOl'miIlg' the lowlillld:" fOllnd along· the riyer
llH~ :\Iesa region. :Ko deep wclls ha\"(' pcnetrated the more recent
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The ,-alley till j:o; cOlllpo;;cd of morc or le~5 irregular len~ei; of t1a.\.
silt, sand~ gra\'el~ .wash, and howldcr:-:. Tbese arc arranged in a 11ll,,"

erratic 1l1ll1l1l'C1', the character of the lll~ds' changing rapidly both r.:'r
tically and b.ol'izontailr, <l:-; indicated lly the well recol'd.s.

"This Illlllcrill! m:1.):~bc cliddccl for (;ollrcllicncc (;f descl'iption im
(1) ri\:er debr;;;, (2) ;;heet 1I':I.;h, and (:3) l'helllil'al precipit:\te.

f
In the pro'sent ri"cr'bcd nrc found h9~..-lclcl's and gt"f1xcl of qllart!-if.l.

quartz, chert. g-ranitc. g-nci~;":~ and nuiolli) kinds of eruplh'c rOl..'h
The quartzose matcl'i:tl~greatly predominate. owing, no doubt, to thl'i~

enduring chamctcl'. Bowldcl':S o..:Cl1r with a IllUXimUll1 diameter ll:
about g feet. ~-\.. cOlllparboll of the mnterial found in the I'in~r hed :\'
the present time with the ohler matcrial foullel in the cxposed 'blulf·
alorig the I'i,"cl' and in the 1H1InCI'OUi; wells thl'oughollt thc yalley indio
catC'~ that for the IlIO:':it pllrt thc yalley lill W[l..-; del'i\"cel from the ;-;:1111

source::: frolll whil:h the prC':-'(,llt I'i,-el' gn\\-cls are del'i\'cd~ ll:ullely~ tb·
formations along the upper rellchc:; of :-'alt. Hi\·cl'.

The term wash i-ti lIfoicd in tlJi$ reg-ion with at least four nical\in~::.

more or les~ separate and di:-;.tinct:
(1) TIl(' ~trf'alll courses oel'upicd by water only in t.imc~ of hcar,'

rainfall, called arroyos in otber parts or thc \YCtit, arc here (.':tl!l":·
washes.

(2) )fanv of the dlT strealll I.;Ollr~p:-; havillo' their orin'in in tb, t•. _ ~ 0

moullta.in:; arc well doli ned lor n, greater 01' lel':'s distallce :tfl,CI' elller·

G $(4 i••••...--....-------........--...-......----.........- ............



f" S,-\.LT RIY::ER YALLEY. r~';" ; "'1:.1 GEOLOGY.

't':-u r....gioll i 11 Ioealities snitaltl" ,
'. Shallow well. dug to a d"I',I, .
the reccnt dcpo~its. illdicatirllf 11
. hilltrs 1ll1l:;t hlYC lowered t1h:-l'i~', .
.;cut elcnttion, .
LIt :-;Iightly. Theil' cOIl.-;titlJ(.'1l1.-. :1:

llations arc 110tably le:;,'3 CCllIt'lIll: t
odueti\'c wells in the regioll hpj'ali' ,.

their ground water,.;, In til(' \ft"
l.-;iIy di8tingl1ishcd frOl'll the old,' t
)lIlinrd hetween hlutt'.,;; of the (lId. '
:ollghout the Phoenix region Ii,,'

let their di:;tribution Cfin he jlld~,. t
,lations of the two ::.:el'ics of iU:('UIlI: i•
,d CD of PI. XiX, and iu the cr"..

•
HUL.

Ul'C or le:5s irregular lenses of ('Ia·
t'r~. Thesc are arranged ill a JIll)·'

l' beds dlflllging r:tpidly hath \"t'r
d hy the 11'011 reeord".
n' ('oll\'cllicIlCC of descriptioll ill:'
I (H) chemical precipitate. '

t howl<lel's nnd gJ'fu'cl of quarrzit,·,.
l nll'ioll.-; kind:; of eruptin' l'llt'~

tomillatc~ owil1g~ no doubt, tv II;,· . J

~1I1' with a maximulIl cliamct{'r, i
I
,

1Il:1tcrial fOtlnd iu the l'iYcr Iwd ..'
'erial fOllnd in the exposed "11i;~' I
-: w('!ls throughout the n,I1(',' ill'! 1
Il'y ItII "'a, d';rh-ed from t h;' -:l" I
'r gl'iln~l:-i are del'i"ccl, Ilfillll'ly, t! ,1
of ~"It Hi,-er.

\\·.\~H.

,uion with at least foul' lIJ(,':llli!l.~"

I
.by wate!' only. if; time:; of. !W:l'

lIts of tho 'Vest., are ben~

11':-1',-; hadno' their ol'icrin ill I
~ ~
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occur hut ~cldom :lnd aft'et:t II ,"cry limited nrea at llny one time. h j.

probable tlmt "COlT'S of YCIU;; lIlay illtCl'\"Cnc hetween two sbO\\"l'\'.
sufficiently heflxy to produce sheet flood.,:, at an.,' gi,-cn poiut, and yq
the writer is of the opinion that the :;hcct flood iti a factor which ("all

not be neglected in rhe adequate explunation either of the yalley IiI:
or of the lllldcrg.roltlld. watcr eontainl'd ill thj~ till.

. As the arko::;e works its way dO\\"!l tho lllountuin ~lopes and spl'c,ul,
over the surfnce of the' plain. the coarse material naturnlly acculllLllal,"
neal' the foot of the parent 1ll01tntaill, while the tiner material is ear·
ried f!uthcl' out. The sorting, howC\Tcr, is not carried on to an.YthiJl.~

like the extent obsented in the ca:-ie of rcgl1IMl' titreams. In Il1filly

('ase~, indeed, the tloods are so tUlllultuous that coarse and fine material ..
alike nrc l'arried forward llod pilt·a ill confusion, III the 1e:;8 vioh~llt

floods the coarse mntel'hd flc(,ulllulate~ nellt' the hill~. This fact is clf
the utmost importance in furnishing' all explanation of certain phe
nomena connet'ted with the undel'g'l'ollnd water~ of the raIler,

The sheet wash i:; apt to cliffeI' from the strcam-c:ll'l'ied debris ill
bearing less eddcnce of the recognized action of rUlllling water. Th.,
water wear and :::ol'ting are at a III i llhll lIlll , "·hen there is watl'r

enough to mon~ any of the Illfltcrial of the wtlsh~ there is likely to Itt'
enough to 1110\-0 cOarse and tine alike. The rC:5ult is an aCClll~lUlati"l1

of silt, clay, su.nd: and gliH-el comlllit'Ig-led in en:,}:)" concei,'able propol'
,tion. The g'rfL,-eb fll:e. u:Sllally anglllal', although somc-- are :.;Iigh.tly
water worn. Neal' the. granite hi 11.3 the ,,-a,3h i:; compo:;ed of the ('.oal""v.
angular product,;;. of the partial decompo~itioll of the granite, pre
viously described. \rhen the feld"pars are decomposed to sucb '":
extent that they do not eu:;;ily retain their origilial form, the Illaterial
is locally known aii ;, talc" 01' •• :;oapstone~' (not to be conflliicd with
true talc and son pstone).

At· Desert wdl the wash co\-eril1g' the ,,,lll'facc is at lca~t 180 fl't'!

thick, all~llloother IIlHterial except a few feet of saud i~ fouud throllg-h,
out that thickness. The :3±S-foot well of the \-alley Cieedlc" (~r:ll'"

CompfLlly, neal' the ea.;;tcl'J1 elld of the Salt Rh-cl' :Jlollntain:~, i,'i ill
gl'anitie wai:lh througholit most of it:; depth and at the bottom .pelll '·
trate5 solid gnuiite. In mnny place:; the wash from the hill~ girl'"
character to the topography o\-cr wide areHs, Southwe...:t of the SlIp""
stitiol1 )[ountaills the surface of the de...:crt o~-cr an arca of s.oUlctbill,:..'
like 300 square mile:; i~ composed of w:H;h from thc:-:ie mountains. TIll'
tilllnll :-;treilll1 COl1l"~e:; from the mountains ,"0011 di~appcar in a reglliarly
inclinc.d desert snrfac~ which is pnwticnlly wanting' iJl even the smnlll'.~1

strealIl eOIlI'~eS,

Quccn Creek', whi<:h may be taken as. a type of the stream:"! th:ll
enter the n\.lIe,'- from the IIcig-hhorilig 1llC)llntaill~ amI di:;app('ar nil
the vnllcy tlool'~ illwstrates the IlI:Ultll'l' of aCClllllulatioll of wll~h. 11
hus u drainage ul"e:\ of about 143 :;ql1:lI'C lIIiles in the mOlHlt:liIlOll~

i
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, .. _trict northeast of Florence, and it, cour,e is traceable in a dis
..'",., ehllnnel for " distance of over 40 miles, hnt ou entering the
..dll')',the waters soon sink from view into the !;ands and gravels
.j tbe floor, lellving the bed dry except in times of flood. A few miles
,.1011" the dam site at Whitlow's mneh the creek emerges from the
.ill' upon the sloping plain of the miley, and thence to the end of its
"lIr.,e follows no well,detined depre'ssion or valley. From Whitlow's

-.",..b to the end of the course nellr Andt:ada well the creek bed hlls
, jail of abont 665 feet, making 'UI average g'mdient of 28 feet to the
"ib', which abo"e the ranch is still higher. With such" gmdient
I i., evident that during times of flood great quantities of debris

·,11'.4 be swept from the hills. The floods are in part checked as
:111'\' enter the plain and in part lost by sinking into the gravels,
,,"i the debris is deposited, huilding up the course of the stream.

f rile result is tha.t numerous channels occur side by :iiide, more or les8
, .·..llllccted by crosscuts forming a netwol'l.,;: of interlacing' courses. A

"','ond result is that ~Iong the lower reaches of it:; course, Queen

)
1 ,'reek has built up a flln or dry delta abo"e the surface of the sur,

'o"nding plain.. A similar fan has heen built by ClI,'e Creek, the

I1.,11""" reaches of which are within the area covered by the detlliled
",pogrnphic map of 811lt River Valley. The detleetion of the contours
.nllth of CU\"C Crcek, as shown on this map, is due to the general

I ..Ieration of the land surfa"e in that region c,""ed by" the Caye Creek
:~il1. North of Sacaton )Ioulltail1:; Queen Creek branches into l1umer

I ";,, 100'ks or distri!>n!IIries and is e\'entually lost in the genem1 wrface
"I" tbe plain. From this poiut to the Gila !til-er, a distance of about

• 1:, miles, there is no stream channel. Floods large enough and lastingi "llough to reach the Gila pass over this last 15 mile~ as sheet w35hes.

I These washes .arc said to vary from a few inches to 2 feet in de.pth and
the water i::i 80 loaded with :;ilt and floating \'egetntion that it works

i ;t .. way slowly o"er the plain without cxc:.n:ating'channcls e\'eh where'
I ,!", slope is comparnti\'el)' steep.i It is seldom, however, that floods occur of sufficient'size and dul'a.

.1 ,i"" to reach the Gila, being more often lost in the valley till long! ~,!l'rol'e reachiug that l'h-cl'. The amount of water which thus sinks
l ""neath the surface, tog-ethel' with the intel'niittent. character of the

I
'. ::,1\\", is well shown in t.he accompanying table and diagram (fig. 13) taken

;:'l)1Il the paper on Il'l'ig'atioll ncar Phoenix, Al'i7:" b.y A. P. Duvis. a

i



[Drnltlllge llt{'ll. H3 >'\Illllre mih:s.J

::.,;.1

."

.",

coil

:,.

(.

hid

Ih'":"

lllO'

'1

I· "

..,

--

I,

II'

I:

[ ....0. I:

Totnl (lor
month III
ucre·f,·1'j

2.0 I,
2.0 I
2 0 I
l.5i

1. 0 ".
1.0 to

121. 6 i,~ ...

13. 1 I NC

17. 1 1,1'1'

13.3 'C.

1.3 ....

2.0, L'

-~-I-----w. ".
I

- -~-- -

;lronth.

1!l96. ".
JAN. Ft8. MARCH APRIL .,v JUN( JU,lY AUG. StPT. OCT. NOV. OOC ".1020 1070 1020 1020 10 70 1020 10<20 107::1 1020 .020 1020 1020 '.

0
I I I I:
I I

0

I I I II
!

I
i II
I ,

I I
I I

I I
I j,

iI

I I !
, I I

!I l I,,

"'0

7.00

,,"000

I o;""h.",.. ,

~rllximulllinl~linilllllln Inl ~Iean in :
Sl..'COnd·reeL! :<L"Colld-rceL i ,.c~..und-(l-et.

I__~I 1---

January._. __ ... _.................... 21 '2.0 ['

February -.-_ .. _ -_ - _... 211
2.0

~Iarch '.....•..... _ _.. . .. 2 2.0 I
April " " .. " " ..•• "' __ '1 2 1.0
?tIay................................. 1 1.0 I

June - ..•. ~ 1 1.0 I
July _ _ · 9,000 .········.1
Augu.,'--." .. " __ I 1,433 .. ~ I
September ·.- i :~,428 .j)

October .. _ 1 1,188 .5

~oveUlber 1 80 .6

DecemLer "'.'1 2_0_7.1 ._6

Total .. · """""" ". 9,000 "" ......
______ - .._._ .. _.__1

t,OQO

Estimatetlll/f}fdhl!1 disdwrge of Queell Creek, Trh1·tlow's ranch, Arizona, in 1896.

3,000

2.000
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4.000

I,

. i"1G.13.-Dldly di~hllll:"Cui QU("('11 Creek.

Robcrt Bowcn. wllo OWllS a mndl about li Illile's cast of lltll'l'in~!

well, on Quecli Creek: pointed out to me certain npld:-; wbich \\,
flooded 11. fcw month:; pre\'ioui; t.o Illy risit. There arc ti ch:lIIlll'l:

this point, \':lJ"~"illg' from a fe,\- feet to auout 100 feet in width.
order to tlood the Iicld:-; ill qucstion the wat("r ill these challllcl;-; iii'·

----.,.."'''''''',...-~c~'--_·~ __~_·__--_-__·__-_~_'"'"«oo'~ __~.,.~
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.1ri:oIlO, hi 1896.
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Totll\ '.'t
month ill

)!.-;11I ill ;l(:re·h'1.·L
~.«~.,.d·fl'Ct.

I,

I
i
I

I
I

I
I
t

I·
I

i

ell ~:)IIC.\I. pnBCIPITATE.~.

O,Ziolu,,'.-ln nearly oyer." w~1I of ~he ndlcy fi. substance is cneount
\'I'l'd, in great.er QI" le.ss quantity. w-hkh i~ commonly known as cement
or hardpan. This lIlfltC'rial i:<: also knowll, though les~ generally, as
..alichc. and has hcen described by Prof. "-. P. Blake, "of the Uni
Yf'I'.... ity of Arizona, who. say:;:

In soulheru Arizona and in :\Icxico the word calicl..1e is in general U~ to denote a
.'akarl'(Jll:': formation of \;On~idcrnl>le thickne:,:s and "OIUlll~ fOHnd a fe\\" inches, or
;l (('W feet, )X'lieatb the surface soil, upon the broad, dry, gra\'elly plains and
lllt'!::lS. .. * ..

Uliiehe has a wide die:tribut.ion in the regions of Arizona and !\Iexioo. It is usually
hidden from "iew by a ~light l'O\'ering of soil, but it is easily found by digging, and
i:= oiten rt"n~·=l1ed by a flow of water dnring l1{::a\'~' rains. 11 i~ pradicallya continu
"11:' ~hcct, from 3 to 15 feelll;ick, of carthy limestone or travertine, through which
llw slllaller plant. roots find their way with difticllltr_ * * .*'

The fl'P of the caliche is.lllorc dell~e and solid than the 10"'er portions. The snr
i:h;l' of thirs crust, or byer, is comparati\'eJy Ell1ooth~ though nndulating, while the
1"\H'r pnrtiollE, under the (')'U:::1, are irrl'!g:ulul'. ('a\'ernou:::~ earthy, and H'-fy porous,
l.h'nding ~r,l\lualJy \\'itll the m:.lterialr:: of the saudyand gravelly beds, from which
tlH'y are dirided by lIO 8harply delined plane of stratification or separation. The
(Oalidlc ill\'est~, surronnd::o, and indlld(>~ sand graitl~, g-ravel::" and n~ore or less eaTthy
matl'rial, bnt st'el11~ too han> had t.he power, ei';}lccially in its upper ("rust, of extrud
ill)! tilt, l'Uaf!':(l materials of the soil to a great. extent.

The deposit does not form a rl'glliar horizontal bed conformable with the rude
~1r.t1il1<:ati(Jll oi the gr::l.\'els alld sands, hut (~ollforms roughly with thegE'lIcral surface,
ri~illg ;lwl falling with t he tin~lulatiollsof the mesa. There ar~>, in places, repetitions
"i till' compact laye~, separated by a few inches oi the amofjJhou!> and. more earthy
.It'!lOsit. * * *

tlo:-:c obren'ation detects, ill rome places, small perforations. like pin hole!!:, at the
1,,1', which clliarge gradunlly 0010\\- and penetrate the entire (:Qmpact crnst, becom-
ill.:,! lo~t in the irreg-~Iar amorpholls granular mu:-;s. .. * * .

The C<\liche is au example of deposition indl'lJeudent of the influence of organic
;1:':I'llcies. 4- .. *

In chemical composition the caliche i8 essentially a lime carbonate, but contains
.... IUt" t'alcinln, mague"..itllll, and :dllminllUi silicate::;, as lUore fully lo;hOWll by the result
,j :UI analysis made hy my assistant, ?\tr. .T. S. -Mann, ill tohe laboratory of the Arizona

... ·lino] of l\Iines:

hal'(' had a depth of at least 5 feet. :lfr. BOII'en Aate;; that at the
Il:trl'ing-toll ranch. 'i mile:, down~tr('.alll: there W:l:..: nol- enough water

.ttl till n~l'taill ilTig:ltioll ditche.... which had been prepared for the
t1irf'l':-,ioll of flooct watel'~, 1Iel'e then i:-; a spc.l'ific case of a flood of
....1l1l1C'what notable \'ultlIllO that sank into tbe snnds and gra,-eIs of the
r:t1lny tiIi within a di..:tal1re of about 6 miles.
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., Blake, William P .• The caliche of SOuthern Arizona: Trull~. ,\ro. Imt. ~Iill. Eng., vol. :n. 1001. p.220.
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Ana.lyS'is oj ArizOIlC caliche.
Calcium carbonate (CaC0

3
) •••• • •••••. ",_ •• 7~

l\tagnesium carbonate (l\JgCO;j) A ••••• •••• __• •••• __ ••• _.

Calcium eilicate lCaSi03 ) _, • ._ •••••••••• _ ••••••••••• _ ••••••••••• '>

Alun"linnlll si}{cate" (AISiOJ __ . _.. __ .•.....•.•• __ .. .. __ .. _•.....• _. _.• __

~::i:\~~:it~t~~.t~3!.: ~~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~~~ ~ ~ ~ ~~~ ~ ~ ~~::: :.:~:::::::

108!

i
t

- ..Total .................•..................... __ .....•. . lhi. 1

This caliche, unlike the de'po~its of tra\'ertine formed in the ope.n air, is nut ._11:.
ficiently compact and solid to be useful in t:on:;:truct.ion, as was the trayt~rtilh' "
ancient Rome.• When calcined it yields g90d ~'austic lime, which, temp~rcd Wili

sand, make:3 a strong, quiek-setting mortar or cement. It is quarried and uSl'd i",
this purpose -in some places. Occurring a~ it dOE'S ill mixture with gravel and 5:1.1);1.

it has the appearance of an artificial mi:-;;tllre. * * *
•

After describiRg' local conditions and giYing the analyses of wati'l
from 7 weHs neal' Tucson, which indicate that the' underground -wntel'~

contain the principal clements found in caliche, Professor Blake a<!,!.-:

There has been much speculation in regard to the origin of the caliche. It lu~

been generally assumed to he a deposition fWIll sOllie ancient lake, or body of wah'r.
once covering the area in which it is found. But such a theory is untenable \Yli t,!!

all the phenomena are considered. The formation is clearly the result. of the upwar.!
capillary flow of ealcareous ,yater, induced by constant and rapid evaporation at tIll'
surface .in a comparatively rainless' region.

\Vith a constant supply of phrptl.tic calcareous water, the seconn great t:'~sential

factor in the formation of caliche is the contiutted desiccating atmosphere-a condi.
tion which prenl.ils, with only short and temporary exceptions, through tile year.
The desert and semitlpsert re~ions of Arizona are characterized meteorologicall~'h.\'

the unusnal dryness (If the air and its capaCity for the- absorption or moisture arid li~'

the maintenance of continued evaporation- from the soil, which determines a constaul
upward mon.'ment or the phreatic water. The occasional. rains in lliidsllll.lIl.H:r and
midwinter do not- penetrate to g-reat depths, 'but arc sufficient to leach ont the ,o:oill1'
the depth of a few inches or feet, tl.1l'ning the calcareolls solution back and down·
ward and proJncingHle denser tIpper crust, where it meets the upward flow.

Such I cOIlcei",'e to be the origin of the ealiche. It may he called a :,;ubterrailcan
deposit of travertine; but it is not the re:-;ult of a flow from spring::! or from ll.!l~·

source at the surfaee, or from the lateral moyement of water. Unlike onJin;uy
travertine, it is the result not of llescending. hut of ascending currents. The ordi·
nary conditions of vadQse circulation are re,·ersl'<i. The caliche is a fine eXD.ll1plt·
of the fOTllltl.tion of extensive calcareous strata iil the m.idst of preexistent beds, not
by metasomatic proces:::e~, but by precipitat.on frolll sources below.

To Professor Blake's description I would add that caliche oeems in
varying degrees of purity flnd that any consolidated laycr is locally
known as cement. \Vhen caHehe is not mixed with It eonsidcrnhk
amount of foreign material it may become YCl'.'V compact, l'escll1blillg'
a fine-grained liIUe1:itonc, and soinetimes C,-luses much difUclllt.\" in
sinking wells throngh it~ 8('\'cral case... :u'e .on record where well...;
were !llm.ncloncd because the ca~ing c!lught on a cement layer and could
be forced no farther,

t
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A sand or glm-el bed ceniented with this material often becomes
illlpervious to water. The confining strata above the water in nearly
:.II the wells of Salt Ri1"er Valley, where water is found under pres
~lII'C, contain more 01' less caliche ill the form of a eemcI~til1g matcrinJ,

It will be noted tbat according to Professor Blake's illt"rpretation
the calicbe is due to the deposition of compounds gathered from some
outside source and brought in solution, through underground pU.::i
.:lg'('~, to the rcgion where they are deposited through the agency of
_Ilrface emporation. Applyi"g tbis explanation to the origin of tbe
,·"Iiebe layers in the yalley fill of Salt ni"er Valley, it is evident fwm
:hc analyses of waters "lre"dy gil'en and from the rocks predunsly
(h-scribed. which furnbh by their decomposition the elements brought
illto the valley by. the waters, tbat all elements necessary for the for
lII:ition of caliche are present. Tbe prel·alence of caliche at or neal'
"Ie snrface strengthens the postulate that the surface is its natnral
place of formation. Since the miley filL as explained elsewbere, is
,llIe to the gradnal filling of the miley hy c1Cbris shed from the bills.
',ach horizon thronghout its depth has at some former time been tbe
-lirface. Hence tbe presence of caliche bands at all borizons.

It sbonld be noted, howel·er, that bicarbonates are present in
Ilearly all the waters of the mIley. A relief of pressure ,done is suf
!icicllt under certain conditions fo1' the esc.ape of cal'hon dioxide,
which causes the bicarbonates to changc to the comparatively insol
"hie' carbonates, which are then readily deposited. It is entirely pos
-ihle, therefore, that the deposit.ion of Clllicbe may take place at SOUle
'!"pth beneath the surface, in fact nt any depth whel'e the pressure
:ipon .water containing bicarbonates in solution is sufficiently relieved
:111(1 opportunity gi\'en f<?r the escapQ of the gas.

The postulate that caliche is in some cascs at least deposited without
i!'c illtluence of ~5ur£nce enLpor:1tion. is strengtholled uy the obsen'a
lion of unc.ven porous strll~tures on the under side of caliche layers.
TIJi:s strongly ~ngg'est~ the deposition of caliche beneath, after the
:l!Ipcl'vious layer had been formed. A lo\\'erin~ of the water table
.luring. dry cycles, such as are known to occur, would naturally leave
ih'IH~flth flo caliehe layer which liad beon formed 'ncar the sul'fuc'e n.
~'l;a('c occupied by loose grarel:o;, no longer filled with water as before.
1'111' ('aliehe layer would pren~llt allY great amount of cntpqratioll, but
;'I'uhably would not prevent, 1'clief of prc:;su're upon the' wat~l' in the
.:rarcls beneath. A rclief of pl'c!";slIl'e might cau;c a loss of carhon'
;ll'xidc and rcsult in clCpoBitioll of the ill~olllhlc C:~,l'bonat('..."

A case in b.:lnd is fOllnd at the Thlllrph~--:\[cQllecll pumping 'Plant
'1'" p. 12). Beneath the l3 feet of soil at the tiUl'fllCC ('oarse gnn·el.::i
nill howldcl'ti oceu'r to a depth of ;)-! fc('t, The material in the upper
::; f~ct is frec from :lily notable aUiount of caliehe

l
while the loose
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formed in the open air, is not l'H:
[]~trt1ction, as was the tra"ertilll' ",
\:ftustic lime, which, tempered win.
·~ment. It is quarried and ascII i"f
>es in Inixture with gruxeI anti Siud.

• •
gh'ing the annly~es of watl'''

e that the undergronnd wah'r
caliche, Professor Blake add-:

o the origin of the ('aliche, II Ii;,.
:;omeancicnt lake, or bod~' of w:lI.;r
t such a theory iF- unlenable wll'"'.
)n is clearly the re::llit of the upwar I
natant and rapid e"aporation at tilt-

1$ water, the second ~reat e!':Senli.:i
...1 desic.cating atmoi:phere--a cOlldi.

'rary ex(~eptiollst throllgli'the yt-:I:'

'C c11aracteri1.(>d Illt'teorologic-ally i>:,

r the absorption of 1l10i;.:tnre and 1·\
Ie soil, which determines a COII.~t:lti:

J('Ca:"ional mins in mi,I~Ullllllt'r:l1l,i

Ire sufficient to leach out Hw ~,.'i1 \0

a1careoIH; 801ntion back and dd\\ n·
'e it meets th~ upward tlow,
" It may be call('11 a ::uhtermn' .1:1

1l flow from !Wring1l or troW:I:i:

~lHellt of water, unlike Hr(lill:tfY

of a.<;eendin.l: Cllrr('uts. TIlt' "r.;:
xl. The caliche i~ a line exallq'~"

the lLlidst of prcl:xi::tellt Ix"l:o:, I: ~

III sources below,

Id add that caliche ocelll'.- i,.
consolidated layl'l' i:s loed!·.

~ mixed with n ron:-iideral,l.
UP very compact. I'c:::clllhlin::
.. chllse~ Inurh diniClllt,r i:
nrc 011 record whel't' Wl,n~

all n cement layer and ('(ll:~-:

I
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112 UNDERGROUND WATER;; OF SALT RIYER VALLEY. [ ....

face movements have been somewhat general o\'er a large portit'll .
western Arizona.

The Colorado Ri,'er probably furnisbes the best index availal,1o. .
the geneml surface movcnients of the Southwest.' In 'an exallli"al;.
of northwestern .i\rizona, described elsewhere. the author nutl·t!
numerous points ft scries of tilt,cd and pa.rtly consolidated conglollll'rar.
und breccias, o\'erlain by more recent and unconsolidated sand:'" :::
gravels, which were in turn di••ected and onrlain by a third ".,.:..
now accumulating to form the present lowlands along the Colora:
River. The older series is extensive both in thickne:;s and areal Ii!.
tribution. Its original thicknes$ must h:1\'c heen at least 2,50il fl''''.
remlUlnts heing no",- found 2,300 feet above the ri\'el', and it extl'lL':
'downward to some unknown depth beneath its hed. The next you,,~,·
deposits are less ex(.,ns;ve, and the' youngest form the present 11:, •.
plain.

The succession of events recorded in these deposits as well as in tho..
of Salt Ri\"cr Valley and elsewherc is jndicated ill Iig-. 14. The ol'igill;l~

valley (A) was tilled with the oldest dehris (Il), and this in turn 11'".
eroded (e) and again tilled with the second acculllulation (D). A thi,.,:
stage of erosion excanted the present miley (E), and the dcpo,il.
now accumulating are represcntcd in ::;tage F.

A similar succession of events has been noted at scveml poillt:'. il~

Ai'izotla, notably along San Pedro, Santa Cruz, Hnd uPIJel' Gila ri\"\'r...
and in Tonto basin, as well as in a lImubcl' of plncc~ in JlOl'tbWC'iSll'\'l,

Arizona. Near BenBon, in San Pedro Valley, wells h,l\'e peuetralf";
the miley till to a depth of ahout SOO feet without reachil\g bed rutk. ,
. In the Tonto basin upland deposits of. at lea~t two periods of act'u:

mulatioll are exposed. The oldcr is a coarse breccia. llludetately ,r't'l!
consolidated and more or less tiltcdin places (PI. XIV, B). Tlti,
breccia rest;; upon thc eroded surface of the older formations an" i,
deeply dissected in places. Against this tilted breccia rest near!." hori,
zontal beds of more recent sedilllents, which are in turn di,;sccted. la,.~"

portions of them hadng been carried away by the more recent action I

of the ri\'er (PI. XIV, A). Nothing was found to indicate the gc.ologi,
age of either depo.it, hnt the older is regarded as p"obably represonl'
ing thc base of the Quaternary," 'I'

There lun-e 'becn, then: since the 'original formation of Tonto b<l$:iu
at .least 5 separate stages: (1) The period of cro;;ion. which, in l~'''l

at least, formed the basin, corresponding with stage A of tig. H:
(2) a. period of accutlHdation, <iul'in'g which ~hc hl'ccc'ia ju:;t de.-scl'iht'd
was deposited, this period eonespondillg to stage 13; (a) ft, period of

aGilhert, G. K., J{eport 011 the gL'Ology of portiolls of Xew ~Ic:l:ieo IIl1d ArizonR: l!. S. tiL'Qf.;'. SliT". !
W. 1(lOIh )leT.. \"01. 3,1:-;;7),1'.5-10. , .

Ran~mc, F. L.. Gctllog~' of th~ Globe copper district. Arizona: Prof. Paper t:. S. Gcol. EUT\·l'~·. ~".

12, 1903, p. 5;. .
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original formation of Ton-lo 1,:1';·

period of erosion, whi(·h~ ill I'·'
onding with stage A of ti.l'". 1;
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ncling- to stage B; (:j) a prrilld .

rlcl, AriZOllu; j'rof. PUIJer r. S. Gcul. ::'t1f1','\ \

.4. CLAY BANK IN TONTO BASIN, FROM WHICH CLAY WILL BE OBTAINED
• FOR CEMENT IN THE CONSTRUCTION OF SALT RIVER DAM. -

~'. 'r,. ..t-;~ ,.- :'.~, - _

r~~)~!:~..e·.~f-'» ~i~(:':':·"':'~}.~~k,e~':~i ...~t.;~\~1,.,;,~.j·J..>f:

IJ. TILTED SRECCIA IN TONTO SASIN.

Accumulation fepresenl~d by slaie B.

I
I,
I
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11·1 UNDERGROUND WATERS OF SALT R[VER VALLEY. j .."

erosion, probahly inau~ul'atedby uplift and tilting, in whit.:h thl:!.·
cia was di:::scetccl, this period cOl'rc~ponding' to .'jtnge C: (4) a Pl-:

. of accumulation, in which the younger sediments of the ba:o;in \\.
deposited on 01' against the dissected brcccia-stage D: (5) a I'"
of erosion, the present stnge' of the river, during whkh the lll'l'~.

valley has beell. excnnltcd-stagc E.
Since the same succession of e,-ents is :shown to the west of :""

_ River Yalley along the C~lorado" to the east in Tonto ba~in, to !

southeast in Sail Pedro Yalley, etc., it is possible that the \'ill'i,
stages are due to far.rcuching causes affecting Salt Hh-cl' Vallt,.,
common: with the other localitic;-i named.

Tho older mesa gntrels of Salt Ri,"cl' Valley muy represent ~ta~l'

while the 'younger grin"els rcpl'e~ent stage D and the pl'esent ri,.
channel, stage E. There arc no accul1llllation~ in Salt Hi"cr Yalh
except the grnl'els of the broad bed of the river, whil'h ean be (',,:
pared to the. nccullmlution of otagc ·F. The similar succes~ioH

event." in widely ;separated localitics is suggestive of common <:aU~t

but no detlnite C'orreilltion i.., po:-:':o'ible at lhe present time.. This lll\li

hOw.e\·cl', C~lll he ::;tnted with reasolHllJle contidcllcc-·tbe ndley till
not the result of contilllLOll::i aggl;adnti~IL Perious of ero5ion Iii!
alternated with period;-; of acculIlulation.

It is worthy of note that. in the three <[eepest wells of the ""liPr
the Murphy-McQueen well, 1.305 feet; the Chandler wpll, ,05 f.·,
and the Thomas ~hll:phy well; 865 feet-" considerable thickne~- .
clay or other tine llIaterial occurs heneath the COa1'51) cletritu~. In II
Murphy-~[cQueen well this material is de,;cribed ,to "chalk roc"":l1
"tale." Thc writer ha~ secn ~1 :small portion of the matf'riat tak\
from the 1.305· foot lcycl. It eon.~istcd of clay containing a few llWlr

pebbles. The claS from the bottom of the Thomas ~[urphy \\'ell
,~er.r plastic and contains no fmglll~lltsof forcig-n material. The c!:l
apparently lie,; llndel'lleath the b.reccia. Little morc is known of "
lower horizons of the "alley 1m. The material of the upper horiz""
so far as known, is e,·idcntly due to upland aCi.:lullulation. Fur tIL
reason, and beCnII ...c of the ,,-alit of definite information conccl'lIill;! Ii
lower horizons, the wbole thickncs~ of t·he ,-alley till ha~ been a~~llIlW

to originate in the same Wily. \Yhat little is known of the low.
horizons suggc:-:-ts thl~ pO~5iltility of Iacu~tl'illeorigin. The occU1Tl'Il'
of the day undcrneath .thc brcccia neal' Phoenix ;::ugge~ts that the d::
beds ellcountered i~l the ~~f1.-:;a region may be notnbJy older theW II
detrital material abol·e. In that e'be the lowcr part of the mlloy I;

may bc of Tertiary age, and n. thil'kl1(>$s of only a few huudred fet't :
the top may belong to the Quaternary.

----......._"".~--..~..._~-"-~,-=$~._.~-~-.~~._"~~-~~ ...,,..,..-
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SURFACE MOVEMENTS.

There.is abund~Hlt e\'iclence tha.t changes in surface elevation have
t:lken place in and abont Salt Riycr Valley in eompamtively recent
; illlc~.

(1) The immense depos.it.;; of upland :lr('umulation in this rcgion are
I~'.;t explained 'a..-; dne to 8ub:.;idence of the sU·l'face. The general
.lfClIlTence of uplaud accumulatiolls of debris throughout WC8tCl'D
.\rir.onR and sOlltherll Ctdifol'lIia suggest:; that the sarne cause ntl'ected
\\ ide area-s. It is probable that these acnllllulatioll'-; ure in part due
10 dcsiceatioll of the climate. There is ablilldant e\~idence thnt in
iUl'mer agc::3"strcflms of con"idel'able size occupied ynlleys which are
Itn\\" dry. Howm-cr much dc~ic("ation of t.he climate mav han~ caused
:, diminution of strcams and consequent deposition of debris in \'alleys
which were formerly swept clear by these streams, it ean not wholly.
:Wfount for this a.ccumulation.

The present smfllee elemtion at Me", is abont 1,200 feet, The deep
well at J\Iesa-l,30" feet-extends about 100 feet below sea le,'el and
,!o('s not reach bed roek. Lt is obdous that at this po.int the :mrfnce
mllst have been at a gTcatcr elen1tion whrn the \':tlle\' was formed, ,
·illl'c the rh'er could not cXt'a\'ate the ,-alley below 8-Cu, le\+el. Similar
titil·knessf>s of the llpllll\d d(~bri~ occur ebewhcl'c-SOO feet in San
i't'IJro Vl\Hey; 1,000 feet in 'bacmIHcnto Yalle.y at Yucca, Ariz., and
"""ut2,400 feetexpo.,ed iu the blufl's of the Colorado Hi,'er, In none
"i these places, howercr, is hed r'oek reached. The cddellce points
''I'' gelleral subsidence as the iuitial e,mse of the upland deposit;;,

(:!) Local mo\-emcnts. The sandstones and the bn·ccia ncur TC'nlpc
0I1t1. at ;»Iount J\IcDt>well, ncar the head of tbe valley, are highly
:.,wltned. The attitude of the ~edilllent::; in· Tonto hasin indicate.s
::llIlting and tilting to a notable extent, auel HansollJe(1 uC:'icribes an
lrea of intense faulting and Illm-cincnt past of Salt Hi\+ei· Yalle\:.
!:;IUltillg and block tilting are Hot easily 'rceo~nizcd in cl'v:;taJli~e
:'Il'PlatiOIlS such as tho:':.'c itlll1lctliately :;lIlTolllHling the valley,~and, the
."\"PI'iug of detrital lIlatter rendcrs the location of po~~iblc fault lines
!<luhtful. Rcasou-ing, hOWC\'CI', from analogy it is prohable tbat fault
a!! and block tilting- h:1\'o plnycd a considerable part ill bringing ahout
i 'r•· ...(·lIt l'clatioll~ ill and Ileal' ::)alt. Hin~r ValleL

Thr most c~nspiclio-lI:';example of ':1 tilted h'lock \\"itbin the ~'alle\T is
, ',llld in Tempe nllt~('. \\'hen' the ~and.... tolln and it:; o\'cl'ldn(f sheet of
.~::lt':.;itc arc tilted stcCIJly to the ;;outh. The lllon:mcnt w"hir}; brought
':ll .. hutte to it,.. present position \\'a~ \'cry rece-nt. 'Vaterwol'll howl-

_...-. ----- ._-,- ----- .... -
'1:;IIl~ume, F. L" Geolugy uf till: tiloue eQI'I;~·r~dislrie~.-Ariz-:l~l~;~,'P;I~Jer U. S. Gco!. ~llt\'Cr Xo,

. l~. (I.
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ders. such as compose a In"ge po.rt of the ,"alley fill. arc found On ,!.
sides of the butte above tbe le,'cl of the miley floor, and although tl"
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lie luose on the steep sides, sufficient time h:l~ not elapsed :since their
elcvution- to allow of their fillding their \\,:1." back to the. ri\'cl' whidl

f~,
,~

·"..,....'i~~t:j§i~iihit"",'t"'''!,~"i"t~,
FrG. H>.-~ectioll thrOlll::h Tcmpe Butte and T('mp~ well.

flQws at the foot of the hntte. The attitnde of tbe formations and th"ir.
relations to ench otlicl' arc indicated ill figs. 15 and 16.
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PHYSIOGlll\PH\'.
l\IOlTN'-r...t-\.IN ...t-\.ND PL..A.IN•

The so-called valleys of Salt and Gila rivers are but l)arts of a broad
;.jain occupying' a large portion of south'w"estern ~\.rizona. The valleys
~re in part surrounded by lIlountainous areas, and the~y" thenlselves jn
~ilrn surround isolated peaks and gronps of lllollntains ,vhieh rise
.dJl'uptly fronl th.eir snrface. 1"0 the north and east the country
:ltlCOrnes l110re and In01'e 1110untainons to the edg'e of the high plateau,
'rhich within a distance .of soniething- like 80Iniles rises to an elev"a-

t' tion of about 7,500 feet, as indicated in the sketch profile fig. 17. The
'·"carpment bordering- the goreat ,vestern plateau passes through this
;-pgion. The surface of the plateau slopes nOl'th,val'd, while the

i
f- irainage' £1'0111 its faee-the edge .of the -:JIogollon"}fesa~together

with that frOl11 the broken countr.y to the south,vest of the
\<,-i1.

1arpU1cnt '. fornls Salt and 'V(~rde rivers, thns furnishing- the \vater
which supplies Salt l{iver \Talley . In a general ,vay the aggraded

Fig. 17.--:-Sketch profile from the Agna }~ria, through Tonto basin and the Sierra Ancha.
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plain of ,vhich Salt I{,iver Valle}T is a l)ai·t lies at the foot of the
l>'cal'pnient bordering the plateau, and has been filled and graded -prin
,<jpally by nUl.terial shed frOll1 the edg'e of this plateau. Bet\veen the
'·"(·arpIll.ellt proper and the agg'raded .plain there is nlllch broken
•oUlltry of \vhic!l little is knO\Yll. To\yurd the south a~l(l ',ve8t of the
;'''('arpnlent the 1110untain ~ll~~sses stand out as I1101'e or less isolated
...~TOUpS, separated hy stretehe~ of fairly le,-ol plains, as, for exaniple,
he Salt !{ivcr and ~acaton Il1onntains. - .
·'l'he plain frOl11 \\~hieh these eOlllparat.ively SIl1aU lllonntain g'roups

rise has a reg-ular andll10derately llllifornl 810pc corresponding to
{be gradients of the stl'eUl11S. -In so"lno (~ascs the transition frOl11 lllonll
hbll to plain is lllarked by a series of partly buried hill~, \yhieh \yere

Iii
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originally outlying relnnants of erosion and ,vhich have since been ~l1r,

rounded by debris shed £ron1 the mountain slope. 'Ihis is illustratl'::
in a slllall 'Va.}T south of the l)hoenix l\Iountains (Ill. XV). In a Inrgl'!
way the groups .of 1l10,untains., sueh as Salt l~iver ~Iountains, Saeat{ll,
Nlountains, etc., are also rClnnants of erosiol.l partly' huried by dehl'i~.

In other cases the Inountains rise frolH the graded plain or valley tl(H)!O

,vjth the utlllOst abruptness, as in the ca.se of Bell l~utte (PI. XIII~ .J l.

and C~lInelback ~Iountain (PI. XVI~ .1.1). "Probably the 1110st notahlt
physiographic feature of the region is the abrupt transition fi'OUl

mountain to plain.
In thevie,vs, prev-ionsly referred to, of Tell1pe Butte, Bell Buttp.

"etc., the aggraded plain sho,vn in the foreground extends to the abrupt
rocky slopes with little or no transition. lrrigable lands extend to

the foot of the slopes, as indicated in PI. XVII, which is a vie,v frOtH
the top of ~renlpe Butte. The explanation of these relations is found
in the study of the rnaterial and structure of the valley floor. 'rhp
old valley" has heen flooded ,vith debl~is and the olltlying peaks and
spurs partly or ,vholly subn1erged.

TI-I:F~ l\II~S.L\. REGION.

The·.l\iesa g-ravels, or older g-ravelac.cllll1.nlations, ,vere deposited to
an elevation"25 feet or 11101'e above the present river beel.. lAtter the~p

gravels were cut by the riyer to a depth of at least 75 feet, and this

FIG. 18.-Sketch sectiOlt'illustrating the restricted area' of water-bearing gravels due to undergrollTlIl
structure. The older accunlulation (stage B) was dissected (stage C) and the valley plied
(stage D).

depression ,videned several Illiles. 'Latel~ still this deg-raded area ,,~a~

partly filled. rl"'hel'c is, then, an old valley filled ,vith d(Sbris in ,vhich
a jTounger valley was excavated, to be, in turn, itself tilled ,vith del!ri~.

. It luay be best explained, jn this. connection, ,vhy certain ,yells (lrp
!)rodllcti,"e ,v11ile others in scerning-Iy as good positions fail. If the old
valley fill-tIH~ l\Iesa g'ravels-had beeollle inlpCr\~ious by the deposit of
silt or cali~he,or frotH any other cause~ and the present river"g'tavels had
relnained uncon::-;olidated, a ,rater-bearing- stratulll of restricted di.~

tribution ,voulcl occur, corresponding ill PxtCllt to the.recent g-ra\~rl~.

If the reccnt gravels "had tilled the secondary' valley and spread O'"C1'

the older acculnulation~~ ,yells ~ullk in the strip covered by the rpccnt
gravels \voulcl bc productiv'c ,vbile ,,'ells outside of this strip would.be
unproductiv·c. 'l"'his is illustrated .g-raphieally ill fig. 18.
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river, the rate of fall f~ verag'ing ahout 10 feet per mile. The. crt;.
sect.ions of )Iesa 'Township (Pl. XVIII), ,vhere the ,veIls are nUI11(ll'iP,.,

indieate that a line projected aeross the \vater surfaces in the '\,,<
in any direction is practically a straight line, and furtherll10re tL"
the ,vater level in any well is practically the level of the river L!
at the point nearest that well. This is llloclified in certain ('a-.,

near the river, "Thich are described Inter. So reg'ular is the SUl'Li

of the underground ,vater that the depth to ,vater at any point I'

known eleyation can uSllally be foreseen ,vith considerable aCCUl'Ht·\

The ,vater table as here described i~ not necessarily the sanIC fl~ i ~

"rateJ>-bearing9 straturn. ~"'or exan1ple, the ,vater table at SOlne partir'
lar point lllUy be 30 feet heneath the surface. 'Vater IlHty or Il1UY }l' .

he found at that depth, hut if found at a depth of 40 feet it will 1'i8l' ;

feet in the well, and if found at 100 feet it ,vill rise 70 feet in the Wi';:
The shallo,v wells have an annual and a cyelie variation." DUl'ii;~

the dry SUlllIile'r season the \vater lowers Inore or less, and the ~h:i:

lo,ver wells becolne dry. Dnring' sea~ons of 1l10re abundant rainLt..
the water level rises again. There ure several facts connectecrwith tL:·
annual vnriation which are ,vorthy of note:

(1) The stage of lo,vest ,vater is not coincident ,vith the driest :'1':.

-SOIl, but. is reached.sonlc tilne after th.e rains b~g·in.

(2) The ,yater in the ,veIls seeIllS to stand at its Inaxilnunl h('i~·l.:

far into the elry season.
(3) The variations in water level can not be due to rainfall in tl.,

valley for the ob,~ious reason that not enough rain falls to supply t I..
quantity' of ,'rater represented by the variations, even if it all joillt
the underground \\ ater.

o ~t\s a Dlatter of fact very little of the watet falling- as railY in tL

. valley -can c"nter the ,veIls, except in 'certain- ]oealitie.~ '"here \vell~ at

obviously feel hy surface ,vater. ~rhe inlpervious ]ayer~ of cal it'!;
COnl1TIOn throughout the Yftlley ,Yould prevent a g-reat anIount t;'

surface ,yater froIl1 joining9 the underflo\v, e,~en if evaporation al 10\\,1'

an appreciable aIllount to rcnutin perlnanently in the soil.
T4e only ~upply o~ ,yater that is quantitatively adequate to expbi'

the phen0l11CIUt· is that frolH the river and fl~Olll the/ flood ,vaters (,Ilt!;; ,

ing the valley froll1 the [-\'urrounding hills. "ratel'S 1110ve thl'Oii~~'

sand and g'ra,~el ,"cry slo,vly, and a greater or less tinIe, diti'cl'ii.:..
according to cirC1Ullstanees, rnnst elapse after the iioocls enter t:.
valley before their influence can be felt in the ,veIls.' 'Iheoreti('all.\
there should be'a retarcLltiol1, or lagging' of effect, and such i~ foUl.

to be the case in the variations of the ,vater level.
The cyclic 'Yul'iatioJ1:S lllay be explained in the Sal11e ,vay, but It""

accurate kno\vledge is Qhtainable .than in the ease of the .aillllud ',":1 r: .
tions. During the past fe,,," years the shallo\v ,veIls "tht'pug-hout t:'

valley have been lo,vered repeatedly. South of'l\~nlpe, ,vlH~n' d
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~ water Icycl is said to hayc hpPll forlllerl)T ,vit-hin 2 feet of the sur
:facc, it is no,,," 8 feet.....;\t l\lesa. it has lo,vered 12 feet. in four _years;
l:it the l>hoenix Illdian Sehool it has lo,vere.d 20 fee.t in te"n years.'
{This is cOl1lIllonly attri buted to the dl'oug'ht ,vhich has prevailed dur-
ing the past fe,,; yeal':~. It Inay be partly due nlso tOe the increasing
llllluber of ,,;ells in use. 'fhe quantity of g'round ~vater is not nulirn
it('d and the ·operation 'of a large nUlllber of PUllll)S lllust in time affect

! the DUl)ply. .
f 1'he deep wells which dra,v their ,vater froln the 10"7cr water hori
t t:ons vary to SOIne extent, but litt.le is yet kno,vn of thenl. The water
~ !\·yel in 1\11'. Olsen's ,veIl rose 2 feet in less than thr~e nlonths, Febru
!:try 1 to ~~pril 14:., 1903. l'he ~~~ater in Desert well has been rising for
; t h~~, past eight ,years-during the tilne 'vhen the shallo,ver wells of the
i \'alley \vere being' repeatedly lo,,,"ered fo obtain water. The deeper
i \\":ltel:-bearing' bed~ naturally draw their supply froln points farther
~ dllt t~wal~d the borders of the va.il~'y and the ,"vaters lllay have a greater
! .[i~tance to trayel through the ·yalley fill than those of the surface flow.
l It is possil~le also .. thatthe zi~z~g course 'vhich the water rpay follo'v
i !1} the valley fill is a· lllatter of Inuch itnportance. If the ideal sect,ion
t :~·i\·en in fIg-. 3 represents aetnal conditions, ,vater frolll the river

. r·'.rould pass laterally six titnes partly aeross the valley before reaching
f '~!(I lo,vest g·ravels. ..A..t the rate of flow as described later on it nlight
: ':tke Hlany ye~1.:rs for water to llutke such a journey'., Th.e. waters of any
=:' : l~ll'ticular flood ma~y not reach the deep ,veIls until. several years after
{: !ll.'flood· occurs. .
i It is likely, ho,vever, that the water level in a particular ,veIl would
;. ',,, affected by a flood long before the ,Yaters of that flood actually

,rri,·ed at the ,veIl. l\Juch as a ,vave nlay. travel faster.than the water
·qllposing the wave, so there lllayl)e ,,:raves or pulsations in the under
" IW due to the entranee of flood ,vaters. l'he slnaller pulsations-the
ll11ual ones-nlight and r,.robably· do a.ppear i~l the shallow wells.

~ i:pse sillalier pulsatioIls Inay becoll1e iUlperceptihle ,,,here they travel
J \r, and Inay nlerge into cyclic pulsations, which alone affect ,veIls far
j "~}lll the sonree of supply-for eXUlllple., the Desert ,veIl.
f ()n aecount of these variations of the water table certain allowances
, 1)--1. be Inade in applying the ficeolnpanying' maps ,vhich indicate by

!ttours tIle elevation of the water table and the depth of this table
!iPath the surface. At a certain point, for exanlple, the depth to
It"l.' ,vas 20 feet when the lIlap \vas eonstructed. At SOUle future
;:P the depth lllay be greater or less than 20.feet ac.coJ;ding as the
(1l111C of underground water ina:r have increased or diil1inished.

THE RIVEH AND THE UNDERFLO'V.

The river is considered the Inost ilnportant souree of the underflow.
.on· is a pernutnent ,vater supply in it frolll the head of th~ valley to

....
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the Tenlpe canal, north of "Nlesa. Belo'v the head-gates of the l\~nll)j'

canal a short space qccurs in which the river is practical1.y dr}Y 1'I.JI"

the greater part of' the year. ~"'~uother clo\vnstreanl undergroull':
water returns to the river bed; that is, the river cuts beneath tlli
water table and the underflo\v returns in pnrt, Inaking~a surface flo,,' of

something like 36 second-feet. It is evident, therefore, t4at frolH tht·
head of the valley to the Tell1pe canal the surface flo,v of the ri '·CI' i "
at a higher level than the general surface of the 11nderground watp!'

on either side. 'V ells ~unk near the river indicate that the deI)res~i(jIl

Scale
. SE::s::~~::::::30=========::i:5=========:i::IO==::=:=:ilsm iles

FIG. 19.-Index nlap of Salt River Va:lley! locating tl~e seetio~~shown in PI. XIX.

of the ,vater table froll1 the river lat,erally is very -abrnpt. This l~

indicated by the contours of the ,vater table as given on the nutp, })1.

XX, and in the sl~et'ion8 of PI. XIX. ']~he fact that a pernUtnent tlo,y
of water exists in the river at the upper end of the valley'" at an e-le\'a- i

tion higher than the surface of the underg-rouncl \vater of the vallp!,
in general .is of prinle illllJortance in under:;tancling how the ,vatt'l'
enters the valley fi 11.

Nort-h of }lesa the river bed is at the sanle elevation as the ,vatpl'
table, \vhile at 'I'ernpc the r'iYE~r bed i~ belo\\· the ,vater t·nble. 'rbi,~

explains the return of the undertlo\v to the surface, rnaking a perennial t.

streanl at ~relllpe~ \vhile the river hed" both east and 'vest of l"ell1pl~ i:-

drjr.. ~rhe reason for the approach of the ,vater table to the surfact'
ne'ar Telnpe requires fllrther explanation. .
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lit Ternpe the river flOYfS praetically on bed rock. rfhe andesite
;'111d the red sandstones of the butte arc exposed dO'tVll to the ,vater's'

~ L·dge. ]'he riyer passes throng-h a narro\v channel bpt,vecn l'clnpe
Butte and th'c cong-lolUel'ate hills to the north. ]~"'rOlll '.felnpe north-

,t \\'arcl to the l)hoenix i\Iountains bed l'()ck appears at the surface for the
1:2TeatCl' part of the distance. \""here it is not exposed it is eneountel';ed

in ,ve,l1s at no great depth. ....A. glance at the contours of the water
t:11>lc of the to,vnship north of 1"clnpe cr. 2 N., It 4 E.) ,viII reveal the

':, ;":l('t that this table is no feet hig'her ea.st of the buttes than it is about
~ lililes farther ,\~est. There "i~ then no free passage for the underflow

. J!orth of ]~ellll)e except tllrough the g-ravel~ in the irllLl1ediate ehannel
,if the river.

South,vest of Ternpe, Bell I~utte rises froll1tihe level" valley floor
,thout Inid,vay between Tenlpe I~utte and-the Salt l~,iver l\lountains.
\0 deep ,,:-_ells have been drilled het"Teeil' Ternpe and Bell Butte to. '
IHiieate the underground _coI~ditions, the nearest being that of H. L.

I ~ 'handlei·,. one 11lile south of rl~ell1pe. This ,veIl indicates that loose
t !rayels and bo,vlders extend to a depth of at least 186 feet., 'fhis
I .\,oold seen} to indieate a free passag..e for the underilo,,, bet,Yeen Tempe

I,· :IH1 l~ell buttes., OIl. t~e ot~ber h~nd, th;re is a, ~hal'p decline- of the
'. },ater table:to the ,vest In thIS regIon·. North of 13e]1 Butte a deptes
f ~ilq} of the water table of 16 feet ,vithin half a mile was., observed.
~, , . , ' .I "'"nth. of Bell But~e a still sharpel: decline occ~rs, ?epre~sing the
i ·:.;ttpr table 10 feet In less than a quarter of a 11111e. The hne along

hleh this depression of the ,vater table takes place is one passing from
\f ~"'lllpe Butte throug'h Bellliutte. to Salt. l{,iver lVlountains.

A~ previously described in D. B. IIeard's ,yell, situated at the south
\'~t. eorner of section 30, bO'Ylders \vere enco~ntered to a depth of 90

·,!'L heneath which granite ,vash occurb, prohably fronl the 1110nntains
'the south. The ,veIls at the 'Talley Seedless Ci-rape COlllPUllY'S vine-
ud~ 4: llliles Hauth of ~rell1pe, and the t,YO ,veIls drilled in the saIne
::ion by IVlr.JIeard indicate that the ,vater-hearing' bowlder bed
~!'dly reaches that point. It is ev·ident, all things eonsidered, that the
,d\'l'Ho\v so Volulllinous and extensive in the nfesa reg'ioll does n-ot ind _
, I' passage to the Phoenix reg-ion past Tenlpe.
f II pxplanation of this, there is a belief s0111e,,"'hat ,videspread in the
:;"y that the passage is obstructed by a subterranean danl formed
'WI' by volcanic aet.iyity or by the fornlation of a ceUlent reef across
'ralley. .L;\fter "That has 'been said of the foi'ulation of caliche, or
:'iPllL it seeHlS evident that the contin~loUs l)assnge of the underflow
'dd prevent any celue.nt froll1 fornling across the valley which eould
UlY sense ~ct as a dalll, and this })Ostl11ate Ina,y be disrnissed without
~tbpr COlliIllent. The sugg'estion of a volcanic clan1 find$ SOlne COll-

i .

. ~..
"'~'~f~ 'f~"""."''''''''''.'''.- .
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firluation in the presenee of the andesite of l'elllpe a.nd 13ell hur!.
.L~S l)reviously clescribed, the uplift of Telupe I~ntte occurred in ('\ '
paratively recent time, but whether the forlnations of the lava of '1'(111.,

and 13ell butte~ and the subsequent local llloveruents occurred aftpl' t:
excavation of the valle}r or had anything to do with the obstrncti()ll '
t~e underfio,v reulains a 11latter of cOlijecture. In the nlind of t..
\vTiter, the p.henornena. about Tenlpe find nlost rational explanation ;
the changoe of the eourse of the river described helow.

In order to place pumping plants where they will be 1110St produeti,,!
it is a matter of prilne importance to kno,v the nature and eourse '-:

Sca.le
SE!!'~::::t:::=:E3:0============Si:::::=::========::ii:IO============5IS rn i1es

FIG. 20.-Index IDftP of Salt Rhorer Valley, locating the seetions shown in PI. XXI.

the underflo,v. It is believed by SOlne that the water is vfrtually sta~'

nant arid held in the goravels as water is held in a sponge. The ,- und(-r
grouncllake" is a fauliliar expression inthe valley. .i~ still Inore COIII

Ulon expression is "the undergoround river.~' It.is scarcely necessary.
after ,vbat has been. \vritten, to explain that no underground lake and

no underground river 'I taken in the popular sense, exist. 'J'he1'o i~.

ho,vever, a slo\y 1110VClnent of the unclerg"l'ound ,\~atcl' do\vn the \"alhiY 0

which is designated as the underfio\v. "VVhether the undcl'tlo"\"" is a:"

wide and as deep as the valley till, or \vhether there are certain .restl'ir·.
.., tions both laterally and \"erticu~ly, directing the tlow in certain co.ur~p~·

depends entirely upon the st'ructur~ of the valle.r till.
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~ find JIIOst rational explanatitl!;
e described below.
rhere they ",~ill be I110St prodlll·t ;',
to kno\v the nature and ('our .... ,

Thel'e is also to be consiclered the possibility that the ancient course
;, f the river was not the Stlnle as the present course. li~Il6ugh has been
~ :l ritton to indi<?ate that there are restril'tioIl:~,and that the g"reat volunle
· : the underflo,v passes through a e01nparatively narrow space. The

dley,tilleda:!; it has been both by" ,,~ash fron1 the hills ana by sand.~

"1,1 gravels bl~ought do\vn the river, would naturally yield abundant
~ :lter only \vhere the valley fill is sufficiontly open to allow a free pas

;~e of water. The ,vash fr0111 the hills along" the outer portions of
,:t) ,-ulle:r, while coarse enough to allow free passag"e of water in places,
"rery frequently. cernented to a practically ilupervious mass. Sonle

- \'l1s obtain a g'ood suppljT froin thi8 ,rash, but there are IlHtny that
, .lre failed because they were in the ,vash. The nlost productive_ wells
.. :'\~ in the beds of river g-ravel and bo,vlders.
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ANCIENT RIVER CHA~XELS.

~ince it is always the riyer that is rnaking- the deposits of gravel and
41\r.lclers throug~h ,vhieh "Tater p~sses rnost readily., it naturally follo,vs

1 ;at the bo,,:rlder beds Inark the ancient courses of the river. It further- .
> ',!H'C follows that the present course of the underflow is in goeneral the

.1urse of the ancient river that deposited the g'ravels and bowlders in
hich the llndertlo"\v occurs. It re1nains, then, to deterrnine the old.

• 'lUl'HCS as accurately as possible in order to pla<;e the pUInpi.ng- plants.
'; the 111ostadvantag-eous locuiities. .A.. t first thoug-ht this conrse
;I)uld be in general down the valley" ~ parallel to· the riyer. But a little

, ·,Ilection indicates that this is not llecessaril \~ the case. i\..S the floor
.;- f the valley ,vas raised by the deposition of'"df5bris., the river shifted
.,. ~oln side to side of the vallev. \Vhen the level of the risino- valley

.... h ....

'. ':"01' reached the saddle of SOUle spur or d~vide the river mig~hrpass
~ rpr this divide, lea \'"ing- its forn1er course ~t one ~~de. This isproba

:\' what Salt Ri\~er has clc)l1e incolnpu·ratively ree-ent tinles. ·On this,
, qint the follo,,:o-ing facts are to be noted:' '

d) In the i\Iesa I'pgion' "rater-bearing g-ravel~ oceur to a depth·of at
:l~t 620 feet (}ilurphy-l\IcQueen ,veIl) and extend at least as far south
, the Chandler well No. ;)~ 12 Iniles ~outh of 1Iesa.

· I:!) It is: in. these gl:a\'"el~ that SOllIe of the best producing ,veIls of
. ,'ralley are located.

1::) rrhere. is an obstruction of SOUle kind~ as previously described~

~i;r(\nting a free passage of the underflo,v do,vnstreaU1 at Telnpe.
- ::·h\vcll records as are availahle inclieate that the g-ravel-filled valley

-iI' 'I.'elnpe 111ay be eonlparatively shallcnv.
. t) Between Salt I{,iver .l\lollntains and Sacaton' l\lountains is a broad
,1. Ilearl}T level plain extending ,vithont interruption f1'ol11 the nJesa
r!C!ll to (lila R·ive"r. It is an ag-g1'aded plaii1 underlain by ,vater-"
~l'Ing gravels and connecting' \\'ith the ,vater-beuring" gra.vels of the

.~a. described in a previolls paper by the "Triter. (l

,"1.', 'v. T., Underground 'waters 01 Gila Valley, Arizona: 'Vater-Sup. and lr!. Paper No. 10,:1.
• I.ieol. Survey, 1904,
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•{(;(5) 4;\.t a point in Gila \Tnlle~r ,vhere the ,vaters passing· as unde,'
flo,v through the g'ravels bet\veen the t,vo groups of nl0untains jll" " i

mentioned ,vould naturally be expeeted to appear underg'round \Vatl

returns to the surface in considerable quantity. .i\.t thiB point thl'; ~.

is the SOllle\vbat novel phe~olnenon of a perpetual lake in the llli~l:-;t·,:
a de,sert ,vhere evaporation i~ about ten tirnes greater than the rai,nfaL
l'his lake is not fed by (fi.la l{ivel', as is evident froIn the fact tl!:.:

the ri \·e1' i~ dry for a distance of about 50 llliles above the lake duri n·~·

the greater part of the year. It is not fed frOll1 flood waters, Sill! r

floods are seldon1 of sufficient V01Ullle to enter it. '1"here is fUl'thl'!
more a constant and regular discharg'e of ,vater fronl the lake. TL,
onl.y· obvious source of supply is the underflo\v of Gila and Salt ri\'pl'''

....~n atternpt has been Inade to sho,v g'raphieall.y the ulldergroUIJ,
conditions across the valley at TClppe. (PI. XXI, .11) and across th!
space bet\yeen the Salt I{jver i\.Iountains and the Sacaton nIountaili
(PI. XXI, (}), so far aS,those conditions are known or can be rea~()"

ably inferred fron~ the data' at hanel., It should be expl.ained in tlli~

connection that these seetions are so ~~hosen as to I)aSS through ~UrL
deep ,veIls as are l~no,vn, thus lnaking' a section along' a broken lillt,
The depth of ,vater-bearing' gravels there indieated should not i}l

interpreted as the depth of the passag'c open to the undertlo\v. ]'b
crest of the subterranea"n ridge' ·,,,hieh 'is- thought to exist. is l)robabi.\ I·
about a nliIe· ,,'est of the line ~~epresented ion section ....-\.., as indicat(id i
by the shallo,,'ness of the gravels at IIeai'd~s ,yell and the sharI' I'
depres~ion of the ,vater table already described. . i

, The evidence at hanel leads clearly to the inference that in IOrllll'~ J

ages Salt l~iver joined the lTila east of the Salt lliyer ~lountaill·

instead of ocet1pying~ its present course north of .those Inountaills.. I; :I

. has been arg'ue<1 ,vith SOllH~ ~egree of plau'sibility t,hat the eherllit';!:
character of the ,yater throwscloubtu'pon this hypothesis. 'fIie ,vatpl"
of the Salt I{iver underflow as' represented in the Olsen H.-nel I-Iall~F:,

,veIls, contain Bluch g'reater quantitie~ of salts than c].o the ,vatcr:-: (ll

the Gila undertlo,v. It has been argued that ,vaters so saline enul::
not feed in tlny g'reatlneasure an undei'tlo,v sueh as that of (iil·~.

Vallej~. Itshoulcl be noted., hCHvever, that the ,vater froID the Chuudl.I'i
,veIls farther to the east i:-:; le~s saline. . IToI' conYellien~e of eOlllpari:-,(':'
there are placed, below, the analyses of four sanlples. of ,the Ciila lllld,'\

flo,,". (.~:\.ll water in this part. of (rila Valley at ordinary tin.1es ~UIl!1 ~

frOIH the un'dertlo,v.) In the sarne table are inciuded-the 'anal.r~e~ (,"
'waters froll1 the Salt l{iver underflo,v, so selected as to g'ive as wi;:.
a J;ung'c as possible ,v'ithin the region ~vhieh pl'.es111nably feecJ~ the (; i:· ~

undcrflo,v. It appears fron1 a eonlpul'ison of these analy~eb th,~

althoug'h the \yatel'S ,fro'l11 the Ilansen :lnd ()lsell \,~ells arc n:luch llll';

saline than the (Tiln, underflo\v, those frol11 the Chandler \Yell~ ;11'
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practically the saIne as the (3ila underflo,v. It is entirely possible that
the Chandler ,veIls are iq or near the conrse of free~t flo,v \vhere salts
"ha,~e either failed to find lodgrnellt or if deposited in forIDer ti111es

\

- h:n:e been carried away by tbeeomparati\-ely fr~e sweep of the .wate~·~,
Wllll~ the Olsen and l-Ian~en ,veIls lllay dl'ttVf fronl, ,vater ,vlnch, for
~Oll1e reason, is cornparatively slugg'ish and therefore 1110re saline, since
the grtlvels i,n ,vhich it ]s held are not freely,rashed by a constant
intlo,v of ,vater.

Analysis of 1.cater front the 'Under./lou of Salt and Gila rirers, Arizona.

FROM GILA VALLEY.

r' '
I

, (

1
i

28.4

110.8

160.0

\VeU at Pres
bvterian mis

'sion, Gila
crossing.

76.4

12.5

127.0

Gila River
~eepa,ge.

62.8

13.1

106.0

2.72

61. 2-

107.0

I I

I

Lake in Gila I Cooperative
Valley. i Co.'s diteh,_Gila Valley.

------ -------1------

:(lllq~titatiye (parts in 100,000): I I
Total ~o:ids soluble at 1100 C •." •. !
Chlorhie in terms of :NaCl (com·

Inon ~alt) . _.. __ .... _.... _.. ~ .'. _.

Hardness in, terms of CaS04 (sul-
plwte of lime) : ._ .

Alkalinity in terms of N~C03 i

~::;~:;~::k~~:~~:_ ~~-:ii:~E:::!:::::::::::::: ::i: :::::: ::::::::: :::::::::::::::I:: :::: ::::: ::::
I·l\ll-tlitatiyc: I, I, ' . I

. Sillphates . , , , , , , , __ , , -.' _, , , _, , ,I Verr strong, . strong, Very strong. 1 Very strong.
)Ingnesia _. __ . _ _ , Strong. ,. Strong~ Strong. I Strong.

:~me·,_·_,·,·'··-··-·'~-------··~·-'-··:-l . ~tr6ng. I ~trollg. Strong., I ~trong.
},lcarbonates _. _-" _-' _.. _. _I utrong. I ._trong. Pronounced. Strong.

FRO~I SALT RnrER VALLEY.

442.0

None.

311.0

151.2

.01

Trace.

Very strong.

Strong.

Very strong,

Distinct.

I Hansen well
I (after several
! months of con

stunt pump
ing).

Olsen \~Tell.

84.8 381. 0

44.6 235.2

18.5 59.84

None. None.

.266 2.0

Traces. Faint.

Strong. Very strong.

Distinct. Strong.

Strong. Very strong.

Very strong. Very strong.

I
179,0 !

j

116.81

53.31

None, I
I

I
. Trace. I

I

None. II

Very strong. i

Strong. I
Strong. I
Strong. !

I

Chandler well! Chandler well
~ o. J (after ~o. :3 (aIter
~·1 mOllths' thorough
pumping). pumping).

I
127.4 I

I
75.6 I
23.1 I

I
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"I.01 I
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I

I
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Pronounced. I
Strong. !
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\-'. " /
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i
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PRINCIPAL COURSES O{l~ GNDERFLO\V.

\Vhile it i$ not probable that the underflo\v in -this region follo,y~ ::
channel t~at is in ~n.y sense ,yell defined, there are ,vithout dOlll.~

cqurses along which the tlo,v has a maxinlunl veloeity',. and otlH'! ~

along which it has a nlinirnlull ·velocity'. It is entirely' conceivalJIt
also, that there are places ,vhere the ,vater is virtuall}T stagnanr.
The underflow nlay be cOlllparecl ,,,ith the ,vater of a S\VaIUp,. It j,

one body of water, but cOlnnlunications bet\veen vHxious localities HI'I'

not equall~y free as in the case of a lake. Nor is the tlo,v eonceirt< ;
to be as nearly unifornl as in the case of a river. The water find"
its way throug·h the gravels along paths of least resistance, SOllletinlP, '
straight and SOllletirnes circuitous. It should not be inferred, ther....
fore, fronl reference to the principal course of the undertlo\v., that
anything- like a definite ch~tnnel is Ineant.

From a consideration of all available data it seenlS clear that tht' 't

1ancient course of. the river anel the present course of a larg'e part of XI

the undel~flo,v are east of the Salt River )lountains. It is probahlt. ,l'

that at a conlparatiyely late stag-e i~ the course of the aceurlllliatioll
of the valley fill the gradually rising floor of the valley reaehed tItt·
level of the saddle bet,Yeen the Salt !{iyer .l\Ionntains and the Phoellix .
lVIountains· and found ·a snorter and easier passage than the circuitott:--!
route around th"e former. As the valley floor was" still farther raised "I
by' the deposition of debris, and as the river ,passed its agg'radillg- I,
and degrading- sbig'es previously described, its cour~e Inay hart' 1
changed repeatedly., sonletillles north of the Salt Riyer ~Iountail1:' t

and SOIlletinles east and south of thenl. ,,-rhile the debris accuull,l1at
ing along its course is deerned the chief·.callse of the lateral. llligra- '
tions of ~he river, certain chang-es 111ayhave been caused by volcanic
action and local lnovenlen'ts in the vicinity' 'of l'elnpe, as _previously
suggested.

This ,postulate e~plains in a rational anc1natllral ,vuy the peculiari
ties near Tenlpe already described. rfhere is probably a subterl':l-.
nean danl acrqss the present valley at rr·Cll1pe, \vhich prevents the pa:-'
sage 'of the priricipal part of the uuclertlo\v. . It is not a dalll thl'o\\' tl

across a' pr~viollsly existing- valley, but one., \v hieh 'vas forrnerly :l

ridge at the side of the ,-alley and \vhich ,vas buried by debris as tlH'
valley 'yas filled. It is probable that only the \\'aters :fronl the upper
horizons of the gravels of the }Iesa region find their ,yay over tlH1

top of this sublnerged ridge into the undertlo\v of the Phoenix region.

SqURCES O~' THE UNDERFLO\V.

One of ,the nlost notable features about the valley fill in the Jle;-;;l
regi~nis the tliiek bo\vld~T bed covered ,vith ilnp~~r\,'jous clay.' It
occurs in the cellter of the vallejT, \vhile to\vard the sides the bo,ylclcr~
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ES O~., UNDERFLO'V.

~ underflo,v in this region folll n\ ....
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; a. maxiu1unl \·elocity, and (ItL"

locity. It is entirely COIl('pi\";d "
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~ vic~nity of Tenlpe, as Pl'pyiil:;<

Inal and natural "Tay the pt)(,ld·,,·

l. rl"'here is probabl.r a Slli!~1 ' '

at rrelnpe, ,vhieh prevent;-; thi' ;
nderflo\v. It is not it daHl ttl!'

" but one ,vhi'eh "TUS f()J'lll'·::: .
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, about the vallcy till in t hi' \ ~

)vered ,vith in1per\yiol1~ {·J;t\

hile to,,~ard the side:::; the hp \'. ~,

:r(l place' to the finer Butterial. l"'he water in the bo,vlcler bed is
~lIder' considerable pressure~ while abov~e the cla~y \vhich confines it

,('nI' water bodies of linlited extent., fornling ,vhat is locally kno\vn
\' the surfaec flow. In eertain places the surface flo,Y is under slight_
nl~sure, ,,~hile in others it is uncleI' no pressure., but the underflo\v

,';ld the surface flow forn1 a single ,vater body., a~ evideneecl bv the defi
itl~ ,vater table. rhe questions naturally arise: I-Io\v are tl1c ,vaters

" 'dllne(~ted ~ whence do they e0111C ~ and how do they get into the
;l'Olllld'? •

There are scver~l possiblO sources-(l) rainfall soal{ing' into the
:round; (2) nnderg'round ,vater in the fornl of spring's or artesian
.'/i\\' entering the valley frOll1 foreig-n regions; (3) streanlS and sheet

I, ;hhcs entering· the valley frOIH the surrounding hills during tiInes
If ahnorrual precipitation.

~ (1) 'fhe rainfa.ll is so slight-an, average of little over 7 inches per
\ ~,I'al' i~ the valley-that it could supply but a very slnalll)art of the

:ndcrground ,vater ~kn(),vn to exist, e.ven if it did not evaporate before
,ntering the ,Roil to any g'reat depth. It is probable, ho,yever., that
':ttle if any of tbe ,vater fro111 raills in ,the valley finds its ,vav to the

~ .wlerflow. .LL\..t best it could onl}r join the surface ,vaters o·~ving· to
~npcrvious clay and ceillent layers separating these waters frOIH th'ose
,'n(~ath.

" l~) rThe hills surroltnding-· the valley are eOlllposed prineit>ally of
ry:-.;tall.ine l~ock. T~1el'e is no kno,,-rn pos~ibility of water entering tho

~ ,.dlcy In any forn1 of artesian flCHV, and springs frOIn the hillsides
~!'p ~o small that they lnay be disregarded.

(;')) 1'he only source \vhich is qnuntitatiycly adequate to supply the
,~,n()wn anlount consists of the strearIlS, chief ulnong' \vhich is the Salt

, ;~irrr systen1. There -seenIS to be little doubt that the undertlo,v is·
lItlIlected directl \. 'Yith the river.· . ,

In order to uIHlerstand ("learly h(H~ the ,vaters enter tho· unc1erflo,,:
fi~ necessary to kn<":>\v hcnv the valley fill. ,,'as deposited. III fornler
,':1':-' Salt River \Talley ,vas a broad, deep valley of erosion., at least 1 .. g0t>

: ·"I't deeper than it is at present. , Ho,v H1uch deeper,is 'ill1possibl'c to
. 1Y_ f.or no ,veIl has I)cnctrated beyond that depth. By ~olne ehang'e
'! the altitude of the land orehang'c of eli lIHtte, perhaps both~ the
~r··anlS ,yere 'ehanged fron1 degrading' t() nggracling strcfUllS. 'rho
'ltt'r could no long-er carryall of its load. l{iY~r debris aceurnnlated

7 .... it i~ still accunllllating'.~rheeoarser. lllaterial 'vas dropped in the
',:~nnel, ,vhile the clay and 8ilt aecul11ulatecl on the floodplain., and
lllPllt fOrll1cd near its surface. ,A.. s the channel becunlc choked ,vith

.. :~arpls and bo\vlders the strPfilll' 8hifted graduall ,. ~ 'eoYe.rin'o' tbe cIa v
',I l'0Incnt already deposited, ,vhile these rnate;i;t1s. in tn~n sl()\yl~'"

i_ \'lullulated ovel"~he gra\Tels and bo,vlder~ of the abalidolled ~trea1~1

IHR 136-05--·9
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eOllfses. As the river s\vung- frolH side 'to Bide of the valley, grar.. !
and bowlder beds ",vere al,vHY~ left in ~ts \vake; iurtherlIlore~andtlli,
is the key to the problenl-,vll(~rever t~ bo,vJder ~ecl ,vas forn}('d
'a bowlder train tilling the old ehannel eonneeted and prohably ~t:il!

· connects this bed\vith the .tnonth of Salt l~iver' C~anyon, ,,,,henee th"
",vater, together ,vithits debris, issued then as it does no\v..

,\rhile Salt l{i,~el' ,va~ the rnain factor in the fornlation of the valIer
fill the tri butnTy streanlS and sheet \vashes played ROllle part. l~:a('iJ
streanl~ no Illtttter ho\v SInal!, left a train of gravel leading into th('
valley fill, and in a slllull ,yay rnigrated froI11 side to side, as did tlH~

river. l~errnanent strerUllS no Blatter how snutIl, kept a constant eOll

neetion \vith the river, and their aneient gravel trains probahly still
forn1 cOlllparatively free subterranean passag'cs for water into the gen
eral nndertlo,v. But no,vaclays the slnall streanl courses, .even streanb
as larg-e as Queen and Ca,·e creeks, do not reach the riyer but are lost in
the valley fill. Judging- the pa~-;t by the present, sinlilur relations runy

hayc obtained theIl. Such streH-InS as ('ueen and Cave creeks l11irrht.x. ~

forln their v-rilley trains "frolll the hills into the nlain valley for a con-
· siderable distance, and perhaps forl11 a considerahle heel of loose rnatp
rial through ""rhieh ",vater ,voulcl flo,Y readily,but the connection ,vith
the bo\vlder heds of the HUlin streulll Blight ho cut oft' by in1pervio~'~

beds qf clay or cenlent Such beds Blight forIn ,vater poekets in the
valley fill, and undcr certain conditions yield flowing wells. How- I

. c\-cr, no water pockets hayc been found iIl Salt l{iycl' Vallcy yi~ldiJlg'
flowing water. t

A t the l)resent tirne, \v hile the streUll1S are depositing their debris
in the bOttOlllS of the valle'y~ th...· granitic hills ahout the valley are
forlning g'11ulitie saner \vhi~h sl<?,vly ,yorks jt~ \vaydo\vn .to lll~et tIle
advancing acc.urnulation of the ri,·e.r fill. ..fudging- the past by the
present, the outer edge. of the. valloy fill is cOlnposediargely of gra
.nitic :-3and or arkose. ~rhi~s 111aterial is 111.ore or le~spetvious,. nlld thp
,vaters shed -£1'0111 the l~illside~ :-)onl~~tlnies sink quickly into jt~ S.incp
it is only on the old flood plains that illlpervious elay layers ,vel'(\.
forlllcd, these layers, so potent in the lniddle or the vaHey·, ,vhere

·they are· pelletrat~~.d by the ,yells, do not~xist ncar· the edges .of the
valley, where both clays and gravel heds pass laterally into thp
aeculnnlations of arkose. 'Thus the ,vater, \vhethcr fro111 the ri,Ter, 01:
frOlll a tributar.y ~tl'eanl, or £1'0111 a sheet ,vash frotH the hillsidc'l tillct.;
its ,yay al \vay:--; dOY'/1l~treilll1 'intoand through the yalley fill Unc1l)l'

neath the ilnpcl','ious layers or \vherever the trains or sheets 01 g'ra,'(ll
lead. . .

The g-ravel trains thus forn! a net\york through the valley HI I., c011-

necting' the.' principal l)o\yl<ler beds., Hnd learling hack in every ('a~{'

to the streanl \V hich furrncd thel~l. It is -eyident, thpr(~fore, that the
underilo,v, although scelllingly div·iclcd by ilnpCl'Yious layers, i~" one
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;ide to side of the valley, gTa \ ,
1 its ,,~ake; 'ful'therlll()re--~alldt L:
vel' a ho"Y]der bed ,vas fOrtll'

rUlel eonneeted and l)rohahly ... r;
f Salt l{h~er ('anyon, "ylH'!}('p 1,

~d the.n as it does no,y..
:tor in the fornultion of thp Yall,
washes played ~onle part. E::I I

train of g'raycl leading' into 1:
ted frOt11 side to side, 'as did i

~rhow sl1lall, ke~t a constant ('f H

'ient gTavel trains probahly ... ! i

n pas~ag'es for ,vatel' into thp .(~·l'!,

tllull strearn eOl1rBeS, eyell st l'pa.:.·

• not reach the riyer but are lo.... t ;.
~he present~ silllilar relation~ Ill-t.

lS Queen and Cave creeks llli;j :

Is into the lllain valley' for a ('(I!:

n considerahle heel of loo~e lIlat-

readily,but tHe connection wit,

1 ruight he cut oft' by" inlperri(\· ,
lllig-ht forn1 ,vater poekets j nfL,

ions yield flo\ving ,yells. 11, ,,,\
Lnd in Salt Rj,~er v'" alley yitddil:_'

r'ealllS are deposit.ing thei r di~jJl':'

t'anitic bill~ about the yalle.\' :1:';

\yorks its \\~ay do\yn to lll(l('t t: ·1

r fill. ,..Judging' the past by t L:

till i~colnposed larg'cly of ,~!::.t

is nlore 61' le:-i~ per,;j()US, and I ~.l

lUles sink quickly into it. ~ ~i!l;'·

at .itllpervious clay InyPI'~ \\",':'
~hc llliddle of the ,~alley~ \\"Iw;··
not Gxist near the edge~ () f t

el heds pas~ laterally illtu !!.

ruter,\ "ihether froln the ri \'(1 r. i

lcet ~vH~I~ frOIH the hillsid(\. ti:

J throug'~ the valley till tin!;1
,~cr the trains 01' sheets of gT:l \'

ork th1'011 0'h tho \~a 11e \: Ii II. c ~ .' .
o' .'

nndleading hac~ ineycry (':.
It is' ev'ident~ therefor.('~ t h:d ·

~d by iInpCl'\"ious luyers, i:-- " '

· \(){Jv of ,v~ter, althoug'h the avenues of COllllllunication nHt~r be ex
'n}l~lelV tortuoH~ and cornplicated. It thus results that the ,vater of

~ ';H~ underflow, ,,~hcther fr01H an upper or an under stratulu, ri~es to n,

:t,tinite level,vhich forIn8 a cOlllparatively nnifornl ",vater table,~'

·iH} gradient .and local yal:'iations of the table being clue to the varying'
~i\:,i~tal1ce ofleI'ed by the gravels to the passage of the ,vuter.

TIlE PIIO}~NIX I{EGION.

The physical features of tbe Phoenix reg'ion ditIer in but few inl-'
;\ortant respects fron1 those of the )Iesa reg'ion~ and need be deseribed
'~lllv in so far as they differ in SOITle essential Illanner. 1'he prineipal
:i:ll~t of .this area co~~ists of a broad plain, sloping- gently sout.h\vard
~d Salt River. L;aye Creek enters the region frol11 the north, and is
:;l~t upon the plain in a Iuanner reselnbling' that of (~ueen Creek in the
\Iesa region. .L-\ t the ,Yestern. border of the reg-ion the .i..-\..gna }'ria and
~l~W River have definite ehannels extending over the plain to join the
;lila.

DISTRIBUTIOX O:F· l'IATERIAL.

.At the eastern border of the region granites, layas., and the older sedi
ments occur.., as de~eribedin (~hapter II. }'rolll Teulpe ,vest\vard to
!he Crosscut' canal and thence nortlr\vard anel ,rest\var(~ the valle)~ till
.thuts 1110re or less abruptly against the ~lder fOl'Jllut.ions. 1"ho asylunl
well penetrates.g·l'a,~els to the ,depth of 110 feet·,vithout reachiilg" hed
!"oek, "'hile 2 Iniles to. the east bed roek appears at the surfn:ee. In
~he ~1urphy ,yell, 32;3 feet deep, 115 feet of valley till is penetrated,
l,do"r ,vhich the breccia is ellcountere~l. T\vo rniles to the east the
!'I'pccia enlerges frolil the surface to £01'111 the buttes north of l"clnpe.

,. In the southern portions of the reg'ion near the river the valley till,
. ~.;il~clicated by the ,veIl records, is COll)po~ed, n]ainly o~ river gra,~el~

;' 'md bowlders. It appears, fr..olll the oecurrenccof gTavels jn the
f iU1al'd and l\fcCalitun ,vells~ that the" bo\vlder bed eontinues ,veIl

>nllth\vard to\varcl the nl0untains. ]'his south,val'd extension is in
~;:ll'Illon'y ,vith the s<?llth,vf:~r(~ trend of the ;.;trealn~ at the pl'e~ent titne,

· h,vell as the south,vard' trend of the ancient l'i ver", as indicated by
'~lebo~vlder beels aild the ul1clertlow of tho ~lesa I'cg-ion. "rhile itis

.. :Iway~ un~afe to Inake predictions in Iluttters so uncertain as ttuder-"
:1'ool1d conditions, the indil'at.ion8 so far as kllO\Vn point to 11101'e favor
l;,le.. conditions for ptunping' south of Salt }{,ivCl' than north of it.

;\ study of'the \vell records in the light of \vhathas already been
~iid respecting surface os<:illatioi1~~ and the re~ulting stages of c1egra
::ition and ~iggradation~ leads to the bel ief t.hat th(~ ho\vlde:l' bed under
;jng l'>hoenix j~ sOlnc'\vhnt. abruptly tel'll1inated at the north~ H:-; indi
.1/t·d in the soction~ Ill. XXI., 11. 'l'he :~cveral ,,,ells in the vicinity of

:·hoenix enter bo,vlder beds· difJcl'iug in no essential llUllllH'l' fr01H
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those in the' ~le~a region except that they arc, so far as kno,vn, COllI

paratively free fr01)l cen1cnt. 'fhree rniles north of' the PhOPlli '
\vaterworks, the Indian School ,veIls penetrtlte no bo,vldclt bed:.; Il<i!

any 111atel'ial that could not l~ational1y he attributed to the action (j;'

slnall strearllS £roln the north and to ,Ya~h frOIn the· hills. j\.t SO)ll'

point., therefore, in the;:) rniles intervening' l.)et.\\~een· the l?hoenix \\'('!l

and the Indian School there is a transition frorn the bo,vlder bed tIl

cOlnparatively Jine lnaterial. 'fhis transition has beeri sho,vn in tIll'

section as abrupt,' sinee the bo,vlder hed j~ reg-arded as eqniyalellt tel

, the younger bed:'5 of the l\Jesa region., ,vIrile the finer lnaterial COIT('·

sponds in age to the older )-lesa graYel~. During the stage of c1(")gra
dation intel',·eniug' bet\veen the t\VO periods of accull1ulation it i,
thought that a broa.d valley" as cut in the older deposits sinlilal' tu
that described in the :Jlesa reg-iolr, and that during the later accnlllula
tion this valley ,vas not only tilled, but the bordering- bluffs ,vere buried
by the younger accnn1ulation.

North anc1',,,rest of Phoenix gTuYel heds are fe\y, and sand, celllcnt.
'and wash 'ln~il~e up the principal part of the yalley fill. 'Y"hile then'
are a greflt 111any drilled ,vells in this region, there are fe",- for \rhidl
definite records ,yere kept. "~rhe llleager data ohtainable are noted iii
Chapter I. Several \yells rcaeh g'l'avel beds~ but the extent of such
gi~avel~ is lii1kno\\-n. Since, ,vith fe"r exc.eptions~ the ,vells fire snutll.
being intended only fo!' dOlllestie u,,<o, they do not penetrate throug;h "tIl!' f·
gravel heds. J\. fe\v ,Yell~, sueh a~ the 13artlett ,vell~ the I{ellncr ,rtdL
and the Indian Scho~)l wells, ha\'e boen :-,unk deop enough. to indicat(' I
that the bcnvlder beds of the ~outhern part of the l>hoenix region do
not-extend far to the nortlL No accurate recorc1 of either the I3artlptt
,vell or the I\:ellner \vell is obtainable. It i~ thought, ho\rc\'er, tllat
had bo~vlder beds been encountered, their pre~en('p ,,-onlcl be kno"'Il,
if for no other "reason., because drilling- nutehinery such as \\'a~ ,t
errlployecl in constrlicting the~e ,ve-lls has proyed i lludccibate to go i

through ho,\·ldcr~ ~uch a~ are found in the southern pal'~ 6f the region:
It is probable that gravel heds of consiclernl)le voluine. oc(~ur'l but
they seenl to be lllore 01' less. separated. If ,vater pockets arc to
be found i nSalt }{.iy'cr \ralley \vith \VateT under pr'e~sure ~uflicieilt tn
produce tIo" ing ,veIls, it\vould appPttl' fro'Ill theoretieal consideration:..:
that the northern part of the l>hoenix l:f~,gion i~ the place ,,-here the,'"
nlight reasonahly be' expeeted: but ,yhiJe 111any shalto\v ,,'-ells h~l\"I"

been sunk in this l'e:g'ion~ no ,yell -has yet penetrated to a sutlicicnt
depth to test thi:-, possibility. ,.rho 15al'tlett \vrdI, 311 feet deep, 1~ thl'
deepest ,veIl ·put dl)\Yll'l and; aceol'ding :to tht~ best ttccount to IH'

obta:incd, ,\vater under con~idel'able l}l'c~sltl'e \ras encoltnte-rcd.
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Fronl ,vhat has beeri ,vritt~n it appc,ars th~lt the ,vater'table of the'
Phoenix reg'ioll aSSUl1)CS neither the definiteness nor the inlportance of
the ,vater table in the ~le~~i reg·i.on"rhere there is free cOlnlllunication
1)(lt\\'een the ,vater-bearing forrnations. J\.t eertain points in the
Phoenix reg'ion COlll111unieation seenlS to he \Yunting', as is sho,vn in
diP Indian School \vell; 'at other phlces eOllllllunication is poor. The
water ~upply ill the northern part of the Phoenix region is <;ornpara-
tirely lilllited., and yet there is an inclination of the ,vater table in
places of 20 feet or rnore to the ll1i1e. Sneh a gradient could scarcely
1)(1 lllaintained unless the passages through ,vhich the ,vater fiilds exit
!)l'f'sente.d fOr111idable obstrnetions.

On aeeount of the great. ilnportanee of this SIlbjeet to those ,vbo Inay
consider the -collstrnctioll .of \vells for irrigation purposes, clllphasis
is put on it at the risk of repetition. I)uring stage 13 (see fig. 14:)
a thickness of 1n01'e than °1,300 foetof cl(~bris ",vas deposited in the l\Ie:sa
region, closihg' \vith the gTeat ho\\'ldel' heds. l)uring" the greater part
of thi~ tilnc, and perhaps llntil the, elos,o of 8tag'~~' 1~, Salt l{iver flo,ved
ca~t of Salt l{iycr 1\Ioulltains. 'rhe I)hoenix region in -the lneantinle
,,,as \"lthollt the eont-rolling illfluenees .of Salt l~iver. Its aggra.dation
,,,as due to,Yn~h froll1 the hills and to the de,bris of cOlllparati,'"ely sInal1
streanlS. 1'he lnatei'ial thus broug'ht 'into the valley ,vas coruparatively
tinc; 80111e 'of the larger strefUl1S fOl'lned g'rayel beds., but no great
accU1l1ulatioll of bow'Idel's took. place. I)uring stage C Salt l~i\·er ,'vas
fknvillg' in or near its present course north of Salt River nIountains,
and ,vas cntting a ,yay the deposits previously laid down, and at the
~alne tinlC ~vas deepening a passage through the rock ridge near ~rempe.
TIllis passage is lUlrrO"r., as ,Yould naturally he expected, on account of
the hardne~s of the rock.

I)ul'ing' the second' period of accUlllulation (D) tpe ne,v channel, or
~(\eondary Yalley~ ,,'as fined~ as \yas the case in the Mesa region, and
~in'ee thi~ seeondaty yalley in the Phoenix region ,yas no,Y the ~ourse

of the riYer" it ,vas tilled ,principally ,vith eoarse. rnaterial, and to an
extent ~u-flicient to bury the bluffs, obliterating fron1 the surface all

"evidence of stIch a Y.alIey. 'j'b6, recent ri,"-er aecUlllulntions of the l\fesa
l'Pgiol1 and ~he bo,vJder heds of the Phoenix region are regarded as

_I · pqnh-alent and directly eonneded through the comparativel)' nal'row
~ passage at 1'empe.
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EXTENT OF BO'VLDER BEDS.

The northern boundary of the bowlder bed west of Phoenix i~ IHit

kno\vn. ,The I-Iarris \vell is '7 Iniles ,vest of Phoenix and 5 miles llOl't L
of the river; the ostl'ie,h-farul 'well is 9 Illiles west of Phoeliix and ~) llli"- ..
north of the river; and the l\:el1ner ,veIl is 1± nliles 'west of Phoenix.
~rhe bowlder bed of the southern part of the Phoenix region "-as I14.t

enconntered in either of these ,ve~ls. It is probable, that the bo\yld ..,1'

bed will not be found llluch, if any', nOI:th of the Salt River eanal.
,Th~nee north\vard the chances of finding- water suffieientfor sucees~rld

purl1pin,g- plants gl'O\-V progressively less" (1) because of the incl'pa~

ing- ~epth to \vater~ ~ (2) because of the seareity of water-bearing BUtt,,

rial; (3) becall~e of the lirnited SUPl)ly of\vater; and (4)' because of
the e"vident ,vant of easy cOlllnlunication bet,,:een the various beds of
"\vater-bearillg tllaterial. So far as' kno,vn the underg-ronnd ,vat(ll'
throughout the l>hoenix reg-ion is aIllply sufficient for dOIllestic U~C_

(;ertain wells ,voulcl i)l'obably yield a llloderate suppl.y for irrig'atioll
for a .tin~e. It i8 t~vident, ho,vever, that a pU111ping- plant to be pCl'I11a

nently succes8fullllUst be in such a position as to clra \v freely fron1 the
underflow of the 1'1,·er, the onl}! pcrlnanent and adequate supply.
Extensive plllllping '\yould soon exhaust the linlited supply froIH thp
north. If Iny, interpretation of the underg'ronnd conditions~ as i-lldi:.
eated in the history of the yalley fill and presented graphically ill
.the section across the valley (1-:>1. XXI), be correct, 'it is probable that
purnping' on an extensi,~e scale would not he l)crrnanently sllccessful
ariy,vhere nOl'thoof an east-west line passing'1 or 2 Iniles north of
Phoenix.

South of this line~ ho\\"ever, there is every· indicatio~ that purIlping
pl(~ntscoulc1 be" suecessfllily oi)erated.· The kno\vn voluIlle of the
ho\vlder bed near l)hoenix, indicates that a siInilar voluine is to 1)c
expected do\vnstren.nl.. 'rhe great productiveness of. th~ punlping"
plants now in operation near Phoenix, described in C:hapter I, indicate:;
an abundant water supply ,vherever the ho\vlder .hed is found. '1'he
readiness of rnovcnlellt evidenced by the large output, and the rapidity
with ,vhich the \vater regains its norrllal 1evel ir.1 the ,veIls wl!en the
pUlnps stop, indicate conditions rl10st favorable for profitable plllnping.
The return of the un(lertlow to the surfaee a fc~v Iniles \yest of l)hoenix
and thence \vest\vard, Inakingo a snrfaee flow of considerable VOIUIllC in'

. the Bi~ckeye region., indicates a volurue of lcnderflo\v \vhich pronli~e~

pern~aileney of supply.

I
riol
l.lt~tl

goat
obt

ilo'
lll1(

rJ

era

r
t \
t ti,
1--
~
i

r
t l. i
; l

I -. FIl

HI

i \V

p1



~ ..".

BEDS.

CHAp rl'ER I'T.

ECONOJ'IIOS. '

ARE..::\. ()F Pl~(J"E~Irr..A_BI.JTG I~l;l\Il~JN(;.

'fhe :utility of pun1ping plants i~ deterlllined largely by two consid
"rations: :F'ir8t, the lift; and, second., the freedonl of 1110Venlent of the

It rem~ins to inquire into the practical applicati.on of the inforIlla
-:nIl presented in thee preceding' chapters. ffhe end in view is the
;I.terlnination of.the quantity of underground ,vater Ryailable for i1'1'i
::ltion, its adaptability for use in irrig'ation, and the best nleans of
;htaining' it. To this end I shall consider the ftrea in \vhieh the under
';nw occurs, the chenlical charaet(~r of the ,vatel's~ the voluIne of the
dlderflow, the cost of l)Ulllping, and the location of pUlnping· stations.

.. '

, Doubtful
~~~i~

f<l,vorablc indications

. indication that pllf}:pir ,"
e knO'YIl VOhllllP (.I' (:'

sirnilar vollune i.... td i",

iveness of the· Pt!i:q::~ <,"

~ecl in l~hnpter 1. i lit! i( .;;,

IcIer bed is fotlnd. i .

e output, and the r:l i:!;~:: ~ "
~I in the ,rells wtHin t·'
e for profitahle punlj'l; .:

C\V Iniles ,ve~t of I'll",' ;.
)f con~idcl'ahh\ '"(llt:l];"

lderfio\v \vhieh prU];l,~4.

')cd west of Pho0nix ;, , .
, l>hoenix and;, III i I. '... !ll' ~ ~
we~t of l>hoenix Hill J .~I n', -.'

14 lHiles ,yp~t of Plj( h', f

he I>hoenix rpg-ion \\ ;\" _
prohable that tlu) !H )\\ 1 :

It of the Salt }{i\"pr f';t·.:

te r su Hi t' ieH t f () r S II ('i . i ... i

1) be{'atl~e of tIll' illl'!" l'

it.r of,vater-teal'iJl.~ l!;: ~.

,rater; and (1)' IH\(':ln .... ,' I ;

~t\VeCIl the V:ll'iOll:' hi·d ....
~l the underground H ~d, ~

utlieient for (!OlllP;..t it' l; 4A

'rate supply for il'rj~':1~ .

Hllping' plant to hp I'u'n' ~

a...; to dra\v freely fl':Jtll f

~nt and adeqllHtp .... Ul1f.!

, lirllitcd supply frl 11;1 . ~

round condition~, :1 .... !:l;~,

presented graphi('aIJ.~

~orrect, it is pr()haldt': '.:
~e perlllanentIy ~lI(T\"'" r.;

19' 1 or 2 lllile:-i lin rt L · ,

Scale
s~o=====-~ "_I~-...d.~"_,_"_Z?miles .

f';i', 2l.-~fap of Salt Riyer Yalley, ~howing area beneath which. water is 50 feet or less below surface.

'1lHlcrground -waters. 'The lirnit of lift, .01' total height to which the
water Il1tly be profitahly" raised, can only be doterrnined by the east of
iiUlllping anel the ,;alne of the ,vater obtained. \\Tith certain crops
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The water anal'yse~ quoted in this paper ,vere Inade. for the 1110St

paTt at the chcluietll laboratory of the ....-\..rizona Experiluent Station at
Tucson, by Pr·of. l{. lIe Iforbes and '~V. "T. Skinner. In addition :\Ir.
Thos. Fl. l\Ieans~ forrnerly of the United States l)epartrllent -of ..A..gri
culture, has kindly fUl'll i~hecl a table of anal}!ses 111ucle b.r hinlself soniC

years ago. .In so far as the analy~es apply to the \vaters of Salt !\i\'er,ralley they are gathe;'~d into the follo\\ring t~lbles, arranged according'
to the lncthocls of analysis:

136 UND.E11GROU'ND \V.AT:ERS OF SALT RIVER ,rALLEY. [:-:li, 1: '.:::

water 'yield~ larg'er returns t.han. \vith 'others. On the other hand~ till'r,.
are loca1itie~ in the Yalley', as shown in the last chapter', ,,~hel'e pUlllp
ing' plants can not secure ,vater fronl the g'ravels rapidly enough ttl
make their operation profitable. rrhe underground conditions are ~!l

variable that the seleetion of sites for pumping' plants nlust dC}>Pl;d

large.ly on experinlcnt in eaeh case. In fig. 21 is indicated the art'a
,vhere pUlnping plants ,vonId probably 'be profitahle and the H1'(':1
,vhere their success would be doubtful. The line of denlarcation tall

not be accurately drawn at present and the lllap should not be inter-
preted in this reg'urd too literally.

The delilnitatiolls dependent on the lift can be drawn \vi.tll 11101'('

accuracy. ....L\.ssunting' a lift of 65 feet as, the Illftxin1Ulll for eeononlic
pUlllping, and assuluing' 15 feet as the average local depression of tbp
,vater table in the ,yells through the action of the ptnups, it follow:--
that the boundary of the area thus denoted i~ the conto.uI' indicatillg'
a depth' of 50 feet to 1vater. 'I'he contonr lIlaps no,Y ayuilable do not

. cover the southern portion of the area indicated. rfhe bouildal'ip:-,
are taken frOlll the contour IlltlI)S a:-:i' far south as the base line; south
of that line the boundaries are approxilllately correct. 1'he outline of
the area in lTila 'Talley indicating' an apPl'oxiInate depth of 50 feet to
water is also appended. 'Ihis outline i:-; taken frolll tl llHtp included in a
fornler paper by the ,vriter on the 'llnderg'rollud ,vaters of CiiIa "Valley.'t

. .{

a Lee, \Y. T., Undergfollnd waters of Gila Valley, Arizona: 'Vater-Sup. and Irr. Pilper No. 10·1,
r. S. Geol. Survey, 190-1.
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Mngncsin"

20m

21f>O

2619

2(.20

2G21

~~OC,~~)!)~__ -Z 'Tot"I 1--------,~--~.--I{}I~~t~:,1 · ··II-~.';~~~~'=-==~~t'~-~-=--==
~ ~ Isolids I Chlorine, H~\l(~(~s,., NH2COa Nitrogl-)ll in

~ Owner. ~ d Date. '0 solu- I Nnel «,01n- (SlIIJp.Hl·')·11·t4(:l. of (b.la.ek tll(-: f(~r.l.I\~.• of f thl'. f
S ~ I ~ I ~ ~ Illlt~~I~.i mOll Hult). Jnne). k~Vi). llltfltc".!I'O~~~~O Sulphate~.
~ . . 0 § ~ I Q) . t.rate~.

~ ----~- ---~I-""I_r:.__+", -----I-l:cr I--~- ------ --~-- -- -----~- -r--c
- -.-~--I~---

·2RIG Perry 'Villiams, :Maricopa Mar. ]9, HJ02 01 Hi> 11 0 ~) I 50.0 2·1. 48 3..t,13' ..~:r~'.~.u.l'.~:.:.~:.':.:.: .1\ 0.,. <)(;)~.~)41.\i.-.('.r.Y.:.':.;.(~.:.11gg.: \ e.J.r.y.~..~.~.:.:.:g~,..~. Strong.2816 I.{llilroadco.,Hll1ilCSwestMaricopn <10 •••• :" •• 1 ;3g.8 6.4 ;).41 J" ·Faint.

20H2' Alhambra town welll2 N. 2 E. I 2ti Sept. IG,1898 50 l1n.3 50. () . .

20H3 A. H. Smith 2 N.,.. 2 J.~. 21 do j ~)5 1. :.30. [> 40.0 Slrollg. O.Ol:l 110.0 .
20S·1 Frank Alkire ~ N, 2 E. I 21 do 9G 41.] 10,0 Strong........ .0001 1. 5 .......................•...................

208;") -- Barkley 2N. 2 E. 17 <10 •.••• ~.I 90 340.8 flS.O Strong.. .0084

1

16.0 .

20HH -- B~)yer. . . . do ' 80 28·1. [) 149.0 Strong.' GO "1 .

~~~i ~~;;\:t~~;~l~~I.~~~e g: g: :1- ~~. ~IL' :~::I 11! :11' ~ 111:! vej~~~~1' ;;;;;;: ':.:- -;;;~~~~ :1- .::;~- -(::::::::::: ::- ::::::-::::(.-:::: ~ ~ :~~
~: ~~: ~!(~~:~:~.~. ~ ~ ~ ~ ~ ~ ~ ~ ~: ~ ~: 3~'~~~;r~·:(~~:~ ~~~ ~~. :~: ~ ~~: ~ St;~1.1~. .~~..~.~.~ '.' ...1

1

" .' ..... ". '..... '.' ~.O.~2.. 8.... 1

1

,. ~. '. ~.~.O., .' .. 1

1

, ~v:.~~r~~: ,~.'.t~r~o·.· I~)~g~.: :\~e:>:r~~.:•..~t·.·r~~.)~t:)g:,:.: ['I:. ~. ~.~. ~. '.' ~..~. '.' '.'~..::.~
'V.J.Murphy Junc:· 8,1901 1 11f).8 35.6 46.11 '-> ,.,

.T. B. Doner (10 1143.6 44.8 58.2 / · / lvcryl"trOllg , Very strong. i Yerystrong.

H.n.Lehman 2N. 2E. (i .•••.do ....•........ 1 91.2 30.8 35.8 1 1 .Strong. Vcrystrong.! Strong'.

2622 A.•T.Stnt·w 3 N. 1. E·I 25 do ·······1······ 188.6 81.0 ···.·3-2·· ...•..................•...... 1

1

....•...........1. .. _:._'.~(-'·L·l.r·l·t·.· ·······F·:l.·l.l·)·t.·.·II:.········~.~:l·I.I·l·t·.
2(,23 A.\V.Bennet · 1•••••••••••do ......• I 31.0 5~6 .1: " r.

2fi2·1 E.E.Jack do .•.•..• 1 oi.n 9;6 ...•.•.•.•••. 4.35 r ••••••• I ~ Prononneed. :Faint.! Pronounec(l.

MESA. I I
1506 II L Chandl~r I Nov. 24 1896 ]03.6 Very Rtrong. \ Strong. . , ~

~:~~ .~:_~~~I:~~_~I_~<::::: ::::f::::,:::::: .~~~~~o ~:.~~~~_c::: ~~::: ~::~::::~~~: :::::::::: ::: ::: ::: :1:::::::::::]:::: :::: s~~~:~: ::::::::::::::1" s~~~~:~:
a Taken fronl tables in The Underground '"Vaters of Arizona, by W. ,"V. Skinner,. Ariz. Agri~. Exp. Sta. Bull. 46.
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Chentical analyses of 1J.)ate·rt~ in or '1~ear Salt River lTalley; ,Arizona-Continued.
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Lime.~iflgnesia.

Qun.litu,tive.

Snlphates.
Owner.

3141

3144

3145

S146

Q) I I .' I II A.1k.a-I I Nitro,-
I Total 1

~ e: IHolirls Chlorine, Hun .!lCSS, 11;Illty, Nitrogen in gen In:a d Date. (5 solu- NRCl (eom- CaS04 iNn:!C03• the form of I the
~ ~ .g ,q IhIe at mon salt). (sulphate of l(blaCk nitrite~ for.~of::: ~ ..- 0. 1100 c. lIme). al- ... Ill-

~ ~ ~ ~ kali). trates.

261f, :~::I::~::~I~::~"IIN' ~~~ ~:y 17'190~ 1~'~~~; [:~I-~---8-,~-).-0-1----1~.15r~----0-.~~~ 0.'18 I-\i-r-e-r~-...-st-r-o-n-g-.·I-'-TC-)r-Y-s-tr-O-·I-lg-.-I--,-re-.>r-y-~-.t-ro-r-lg.
2724 A..T. Chundler • . • . • . 1 S. 5 K 22 AnI\". 27, 1901 I 150 1174. 2 11O. 7 47.02 • Slight trace. . 07 Strong. Vcry strong. Strong.
2775 .do "11 S. 5 E. 22 D·ec. 5,]901 I ~ .. ! 176.2 111.1 42.6 None. 0') VerYl:itrong. Very strong. Very strong.
2804 ::::.dl':":':"'::": 18. 5E. 28 Jan. 28.190'2 1 M 1108.21 48.8 7:63 .0094 .21 Strong. :Faint. l?nint.
281t; ..•.. do 18. 5E. 22 Mar. 9,190'2170[')1157.4 104.0 39.3 Vervfaint..12 Very strong. Very strong. Very Htrong.
28]9 do IS. 5E. 22 do ~ 1 146 172.2 110.0 45.3 Ver~fnint.·.1 .12 Very strong. Very strong. Very strong.
2820 do ·.....•. IS. 5E. 22 do 23n H~8.8 10·1.4 4,1.5 Veryfn.int. .12 VeryHtrong. Very strong. Very strong.
2H77 do·.............. 1 S. 5 E. 22 Feb. 6,1903 240 29~ 6 154.8 20.9 .0105 .29 Very strong. • Strong. Strong.
'2n.s3 do 1 S. 5 E. 34 Mar. 7,1903 260 1162.4 80.4 52.2 .00til .27 Very strong. Strong. Verystrollg.
'n:-),,:, do 18 5 F 2') June 13 1903 ()36 If)7 4 75.6 23.1 Faint. .17 Strong. Faint. Prollounced.

;11~i~ ~~~~~d(~~~~~~~~~~~<~~: lS~ 5}<;~ 3~ dO~~ .••.·.~I •• ~ •.• ~4:8 4L6 18.5 Faint. .26 I Strong. li'aint. Strong.
i!]~)8 De:-;ert welL.:....... 1 S. 7 E. lll\1lly 14,1903 212 32.0 ,. 5.2 ..•.•......... 4.66 Very faint. .49 .Faint. Very faint. ~'nillt.

E. 01~en 1 S. f) .E. 18 do 212 881.0 23.1.21 59.8 Faint. 2. () !Very strong. Strong. Very strong.
P. Mctfo:! ~. 1 N. 5 E"I 22 do....... 5t) 167.8 108.0 •........ 9.33 . Very faint. .8R I Strong. };'aint. . Strong.
AlhllmhrnHotcl. IN. 5:E. 22 do.~ 51 152.0 89.6 ..........•... 5.51 Very faint. .33 I 3trong. Faint. I Strong.

Dorman .Bros....... 1 N. 6 E. 33 ·.do : 100 114.0 74.0 ~ \ Strong. Very faint. Strong.

. . ' I. . I.PHOENIX. I I
1819 Fowler Bros '.. 1 N. i E. 1 . Apr. 30,1897 399.3 Very strong 1 Very strong. Strong. Fmnt.

2017 :Mrs. ,Yo J. Murphy 1 Aug. 15,)898 334.3 107.0 ·I······~······· . . .05 10.0 I .34.3 ' 3. 64 1 10.5
~~Ot)7 ~orth Central A ve- .

2068 S"::;;~~.:~~~l:t~~l:l:~~.:~-:\· ~ :~:.. ~·~c: '1" ..~r~~:~:~·- ~~~~·I::::::I ::::: 1:::: I: ::::::::::::: :::::: :1······ .~~~~:. .::: [::::::::::: ::::::::::::::c:::: :::~::::
20ti9 \ Ind,ian School. ~ N. \ 3 E. \ 20 I·····do

.. 15 212.0 ~_·.~.)Sl O() 1.. ~··· .. ·~•.:t·r·(-)·1·1g·_·.· .3.3 3.6 , .'(O)«())_~~ Fni.n.. >~). 1.·.·.·.·.·.·.·.·.·.·.·.·.·.·1.·.·.·.·.·.·.·.·.·.·.·· 1.•.•••.•..•.•.•••••••.•.•••..
2l)iO .•... (10 •.......... : .. ''!~. : 3 E.: ~tll ..... (10 .......• tlO I 3tj~.3 , oJ' C' H •

:)1/.-;1 i <ld /; ~ ~. " ;J Eo I' :!o /. _'tar. 7" HlU3 I' ,a5: ~·t;').:! I
~;~~2/~~~.·~dO.·.·~.·:~~~~~~~;~! 2N. 3E. 20, .....<10 ••••••. 14fi! 2;)().n

}I;O. ti I
L. lJF, r.

Fniut.



}'aint.
10.5

Strong.
}1"'niut.

Very strong. '
Strong.
Strong.
Strong.

31M~ 1·····(10 ...........•.. l·S. i fiE. 3·'! r··· ..dO I•••••. ! 84.8 -14.61 18.5 .•.•.. .1

1

Faint. .26 I Strong. Faint.
318s1 Desert welL........ 1 S. 7' E. 11 J, MIlY 14, 1903 1 ,212 i 32.0 5.2 . .•...••...... 4.66 Very fllint. .49 Fnint. Very fnint.

3141 I E. Olsen... 1 S. 5 B. 18 1"" dO·······

1

,212 881. 0 235.2 59.8"""'1 :Faint. 2.0 IVery Rtrong. Strong.
3144 P.l\Iets............ . IN. f) E. 22 do ......• 56 167.8 108.0 ....•......... ~. 33 ~ery ~a~nt. . ~~ ~trong. Ji"'~int.

3145 Alh~llnbra HoteL IN. bE. 2~ I ••••• <Io .. ~ , 51 152.0 89.·f) .. ..• •....•... n.51 I \i cry fu.1ut. . 33

1

1 ~trong. :Faint.

8146 Donnan Bros IN. 6.E.' 33 do 100 114'.0 74.0 ....••......•.... : ll , .otrong . Very faint.

PHOENIX.

18H) Fowler Bros o 1 N. 1 ~~. 1 Apr. 30,1897 3U9.3 Very strong....••................ / , Very~trollg. Strong.
2017 1\Ir:-i~ \V. .J. Murphy ;,e Aug. 15, ]898 334.3 . 107.0 .05 10.0 34.3 3.64
20li7 ~urth Central Ave-

Hue ~.,.~,: ..••..•.... 1 Scpt.15,lS9S: 117.7 66.51·············· NOI1C. .20 I········.····· .
~Ol~i'- I Sl'\llllll.(\·lltralAn~- I I . I ~ I .:20!

\ l\~l~"l~:;l·.~.·~.-.~·,~·.·····\ ~.~,' 1 ~~ :;.~~ ~~ :·~~~~~~::~~~·_··l···~;) ~~~::, ~'1~:~ 1·~~~~~~~~~~~~~,·.~~~.·~·;:I··· .. · ·(~~~·,~·i F"inL :~~~ ••.. ~ .. ~ .•.. ~~.l.' .
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0>.
t"1
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~
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~

::0
trj

~
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8
trj
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~
./

}'aint.

III 1 .~ ",:,,,~, t

~~~.!: 11~~~~ I::::::: .. ··· ....~r ':~ [:YI"'''+\\:C:::'\l''''~.~t\}Y'\l.''''~~ ,
4~t 0 ....•......... 39.2 .10 I .

~~~:~ ~~:~::~: :~~~4 2: ~~ I:::::::~:: :::: .::: ::::: ::::: ::::::::::::::
203.0 Strong. .0002.80 ! ~ ".

:~: ~ ~t.r.(~I:~:.. ~:~.. ~~ 000'1 : ~~ I:::::::::::::: :::::::::::::r::::::::::::
I i I

~~:: Stf(~~~~ I: :::::: :~~~~: ~~ I~~~~'~;;~I;~: l~~~;~;;;I;~:t ~~~~'~;r~I;~:
" 77.6 5.4 I Very faint. .25 :Pronouneed.IPronounced.! Strong.

80.8 6.5 i.·..... .021 .25)pronounced. IPronollueed.! Strol1g.

~~.51 ·.. ·13:~.~7 .0006 .021:.. ·..:.... ~.. I·······~T····~··i·········~ .. ·.··· .
3.).0 1 1 3 1 __ , strong. None. I FtUIlt. '

32. 0 ..••••••.•. , • ·1 4. 0 ..••••••.•..•.•••..• , '1' .......••••.• i: ·1· .
30.8 I 8.3 1·······1 .01;\71 .58 IVcrystrong. I . Strong. Strong.

3.1,1 .•..••.•• ~ •..,.1 2.121 ! f"tlillt'lprOIlounced. Faint.
3.1 ! 2. '121 l>'nint. .47 I Very fllint. l>'itint. Faint.

153.. 5 1,2.10 ! I .0029,.31 IV.e. ryst.r(.mg.,r.] verY:-J,.trong. Very strOl.lg....
140.,0 10.8:; j , .40 2.33 ! Verystrollg. Very Htrong. Very strong.

131•. 0 26. 65 1 "II .80 2.70 !Vcrystrong. ·Vcrystrong. Verptrong.

105.0 ...••.... ~ . ~ . ~: 4f>. 16 .0066 1. 431 Very st.rong. IV~ry st.rong. Vcry strong-.
123.4 . 32.1 1 1 .0073 .uti iVerYHtrong. Very Ht.rong. I Very strong.

, ,I j I
89.8 Ii ••••••• 1•...••.•....•....•.... i Very strong. yery strong. Very Htrong.

79.2 K2 ...••.. 1 Faint.~"ain.t'llverY8,.tr(.)I}g. VerY~trollg.1 Very strong.

I
Very •

78;,8 13.6 .... '... Very faint. faint. Very strong. Strong. Strong
I .

52.4 •••••••••.•.• '11144. 6 ....•, , . St.mng. l>'nint.
102.8 6.8 ••.•••• Faint. . fl6 I' Very strong. Very strong. Strong.
185.0 3'1. 8 .1 Very faint. 2.0 Strong. Strong. Very strong..

~rtl). 0

4]3.1

97.6

44.9

76.1

126.9

28-1.1,

531. 8

287.5'

150.6

]22.5

Il0.S

102.4

182.0
13G,O

103.4

75. :3

tis. 8

88.6

28.2
27. ()

235.8

12(L4

272.2

1G4.0

268.0

380.4

303.2

38S.0

325.8

239.0

120.4

42

92

70

28

35

42

90

Hf) i
30

65

105

146

36

25

187

168

78

; ~:; .s~,~·;.1 ';~:~~~~ 'j'.
29(?) .....do _....•'.

1(?) ....•do .
32 .....do •.. ·..•.

20 (?) ~ ..• ;. do •. ! . ~ ..

,20(?) •••••do~ ••.••.

20('1) •••.•do. _•.• ~.

32(?) do •......

1 do .

3G .••••do •••••••

• • . • • I J., . . . . . . . . . . . . .. :.!:-; . ..~ f·;.

IdllE.Lnwrl'llcc ... i 2N. 3E.

-- Cn:wthorn. . .. 2 N. 3 E.

Orangcwood 2 N. 3 l~.

J.A:"Tieder 3N. ,3~:.

,Y. It. Beshier 2 N~ 3 E.

-- Churehill.... 2 N; ~ B.
.............. 2 N. 3 i~.

1\1. Morrison........ 2 N.. a j~.

'Vnl. C~hri:-ity 1 N., 2 E.

G. JL B'rewster 2 N. 2 E.

Phoenix eity sup-I
ply 1 N. I 3 E. -1 Sept. ]81 1898 42

.... do : 11 N. 3 E. 4 May 9;190~ 42

.do 11 N. a E. I -1 May ,14,1903 208

.do -'1 N. 3i~. I 4 ~do .~ .

G. II. Brewstcr 12 N .. 2 Eo I 36(?) .Tune 30,1899

Dr. Dutlield 1 1 .. , 1, Oct. 24,18~m .•..•.

.... dO i I.~ I do .

C. \V: Perkins 12 N. I 3 E. I 23 I May 10,1901 155

"T. .T. !Ilurphy 1•• • •• ·i. · Ii •••••• 1 .June 8, ]UOI
....do I ·...!., j J1I1r 3,1901

B.. Sllli,t,h !.. ,.,'.".. : ~~ .. i I' Oct•... 14,l!lOl
ThOlnll~ Murphy ,-,1 :! ~~ '.1 E. I, 30 Apr. 22,1902

.... d() .•... __ ... ~ .. _.!2N.14E. 30 ... ;.do ..

.... dO ....•..•...... !2N. 4E.,1 301 ....•dO .

~ ...do ·· .. ···· .. ····1 2N. I i1 E. I 80 I l\Iuy 9, 190~ 325

.J. Miller i 2 N'Ii 2.E. 33 May 27,1902
AsyhllU ! 1 N. 3 E. June' 1~, 1902

.............. /11 N. 3;K 2 Oct. 31,1902

OOll.p Springs, 50 I .
mile~Jlorth .....•• I.....•....••...... Jan:, 5,1903

A. C. Bartlett.....••12 N. 3 E. 32 Jan.' 2,1903 60
J. J. Harris ......•.• 1 N. 2 E. 6 May 14,1903 103

2R·tn

26Hti

27i4

2840

31H9

3UO
21:18

2215

22lt3

Hi12

2888

2~)70

23-1'2

2889

:l071

2078

207,1

2075

2076

2077

, 2078

2079

2080

2081

:!09;:)



Ohem,ical analy.ses of 'uxliers Ln or '1UfJr Salt .Rire'i' ll"alley, .Ari~zona-Continned.

Strong.

Strong.

Strong.

Lime.

Very faint·

St.rong.

Strong.

. Strong.

:Magnesia.

qualitative.
__:~,;;tio~I_~=~--~-----··-- ~ 1·;'~·f~~I-~~'lorille, I HU;d?eS8,-I~;1~;t·1 ~itrOl(en in I;:il~:i:~

~ Owner. ~ ... ~ ci Date. 0 solu- NaCI (emu- . (AlS04 jN,1:ICO:1 the ffinn of I... the
-:: '"" I ~t\ .9 .c hIe.' at i 1llOll Halt). (sulphate of ,(blaek! nitritr·<;.: if(Jrll~ SnlI)lwtes.,. .... ...., ~ ....... llme). I al- I .'J< I IlI-

_z_~_: ~_,--~_;_.I t. ~ __~__ 110° C. IImli). 1 I tfllics.

31J~:.I~:~~:,~:~:~1:.t'.(~:'2N. 3E.I· 8 Muy 14,1903 1~~:. 2l\.0 --~='~~~'~~-'11~4:·~~--· -~1261:"--·O'3:.l F"illt. Veryf"illl.
31 87 l\Ii~sion (Prc~byte- I i I

rillU), (iila ('ro~s- I I .: I'

illg ~, 1 .. , 1 1 Aug. 25,1903 ,.,_ .. 160.0 110.8 28.4 I .0 ,.' I\Te..ry~trong.
8181 Lake llear, GIta

Cros~illg _ I· _.I :dO 107.0 61.2 2.72.0 ' Vervstrollg.

3185 C()(:.pl·r:~ t i \'(~. eli tell, I I (')"_).8 1>.·1.0 1, ,... . Rtr(.)llg.
3186 Gi~::h;t~;r::;':,';g;;;;,; -.. ···'1·····-1· .. ··-<10 -- 106.0 , . I . -

Cr()~;-;lllg (~l'l~P- I . I I I
Hge) ••••...•..••••. - •• _ , ; •.•••do J27.0 76.4 12.5.0 I" iver;T~trOng. Strollg. Strong.

32(H S. \Y . .Nigh 2N. 4 E·I 361' Sept..:9, 1903 110.0 60.0 : 1 _ \ !pronOullccd. Very fail.lt. Pronouncecl.
32();{ N . .1. nJurphy ~N. 4 E. 30 :~o ""." 198.0 7·1 0 I jvervstrong I V('ry iHint Vprv faint

~~~~ ====" ~·~~l~~~~:~l:i.l~ ~ ~ ~~I ~:: ~ ~~: 2~ 1:::: ::~~ ::: :::: ..~;~. 1~~: ~ ~~: ~ Ii:::::::::::::,1:::::::
1
::::::::::::::i:::::::: !1;r:I;~,~~~::::,~:.lp~)~:(;:1:,II~;::~:· prono~:;l~~~:

GCO; U'. Collins..... 1~, 2 l~. 15 1 AU!l' .25,1903. 2
2
'4(g 150.0' 9,L HI1 17.40 I .0 i············· .1 ,I Strong. ! Slrong. Strong.

L. h unz 'Il~. 3 l~, 1~ I ~()....... 2~:: ~ H6.8 . 5a.7 .0 1 · .. .1.··· 1Very ~tronl(. I SlftJug. Very strong.

~;~:~ ~:(~~.::~;,:~~~ ~;,~~I:::.::II ~;: ! ~ ~~:'I ~~ I: ~~~~~~: ~::~~~~: ~~.1~~:: :~: ~ I..... ~t.r!,~~~ .1: :::~::I::::::::::::::I...:i~.. [r~I;~.~l:l1:'~~:-r:r~I:~) ~ ~nee:~. I;~;:~~~'~~~~~I:
~~7H5 '.Vinfl(:lclSeott. 2N. i 4E. 23.1 Jan. 9,1902 ti7 11;7.4 100.~ I .•12.7

1

, 1 .001 ,.50 IverYstrong-'lvery~trOllg. Very strong.
~7U6 Para<.lIse \-alley , _ do ~ 2.1.6 f>.72 I 1.6 ....•.. , .004!J .35 I Faint. Pronounced. PronouTwed.

2961 Wintlcld Scott 2N. 4 E. 2.3 De(~. 5,1902 60 171.4 91.2 .1 21.22 ...... .-1

1

..••.................. 1 verystr()ng'lverY~trOllg. Strong.

TEMPE, I
.~~(~~~;::~l(~:':'~J:;~~}::: ~ ~: :~~: ~~ ~~~~.' 1~: ~~~~ 11 1~~: ~ Str:~.,~.. .... ~;r;l;~: -I:::::::i::::::::::::::J::::::J ......~':'~:'.tJ:::::::::::::.. '-'-:'-'-'-'-'-'-'-'-'-'-1;-)25

'2110

:"'~ 'ulf~ ..... ,i!;

~21J1 ~ If('Il,~lt':-: ralJch , / /' .•.... ( /lJee. 2,]K~)8'
')11~~ I .J \\' \\'olL __ 1 N. 4 E. 23, ....do ....

H I ]b:. [) i
15 i ltiO.O I

lOH.O Ii

!H.O

Strong-.

Strollg,
\ .. _ \
I .

• OlK).l \'
.0012 ~ ~~ \~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ " ~ ~ \". '. '. ~ '. -. '. '. ~ '. ". '. -. ".\ -. '. '. ". '. '..... ". ", '. '. -. ' .



v_~·_ , "·Jl'·~~"~l' I"~

3201 1-.. --" \\'arner ,.: ~: ~ ; ~:
I Geo. U. Collins ...•. 1 N.

I L. Kllll!- 1 N.

I J. Heaton 1 N.

2092.1 H. L. Underhill , 2 N.

20U3 I Gen. Blollt. 2 N.

27~}f.) I, 'Villtl(~ld seott..· 12N.
279G I Parad ise Valley '" .

29G1 i 'Vinfielcl sentt. j 2 N.

, . TE~II'E. I
l:,.~-I .I. \\. ,1.,Jlll'·l.Il ...... : 1 ~,.

11 . I ;.' \ ;, ~ .' ~ \. '\ \! ," r': .. I

... ,:" I............... "/". J~~/. :1 ~;:s.o

..t l~. 8 .•••. do .. y.... l~O 52.0IAni· .75,1903 29
17. ()

2E., 15 150.0 94. H
3 E. 18 ,..... dO .. "'" 24 :l~a, 0 1·W.8
l'\V. 15 I' ..•.Uo........ 45 28.0 5.2
4 F 22 i Sept. 17,1898 61 8·t.4 fiO.O
4 E. 2tl I·; ;:I;~lO ~:. ;~~;. 40 159.4 90.0
4 E. 23 67 Hi7.4 100.8

·····I··· .. do ....... . .. 25. (j 5.72
i1 E. 23

I
Dec. 5,lU92 (iO 171. i1 ~H. 2

I

.~ E . :27 ~Illr. Fl. 1.s~17
!' 11 7~1. ~ Str<IIlg'.

I L -" PIT, '.~. 1~'.l'" 111.[./1 C:"; II

..... ·····1······ '1· : Vl'ry:-:troJ,Ig'. !J)I·OIlO1l1H·I'(1. : Strollg.

............. , j , 1..)1'011. <.Hlll.ee<..l. I YVI'~..'.fH.iI1L ProJ)olllleed.
17.40 I .0 .. " 1... .. Strong·r • I, .Sl r()ll!!.- ...., Stroll,gr.

. r;.~ 7 0 i I -
~),. . . ······· .. ·····1··· .. ·.. Very Hlrong. St1'ollg. Vel'ystrong.
1. 09

1

' .0" Prorwllneed. iProIlOllll(~cd. Pronounced.

...•.~t.r.~l~~:. :::::::,::::::::::::::I .~~ /............. . .
,12.: / /, .001 I ~ 50 ~~~.~·~t.·r~'.;l~~~· i~~ ~~~;T.·:;1'·(;I~~·. ~~~~:~t'r'<~l~~~
l.h , ; .0049 .35 Faint. iPrOllOl1IleCcl. PrOJ101lIwcd.

')1 .)() I I. !-._- r······l············"/"······· Verysfrong. iVt'ry,lrong. Strong.

F;dll!.

;..:
~

~.
~ r'
-<
tq
~

~

~
t"1
t-f
~

~

'/.

Strung..
Strollg.

Strong.

Very strodg.

Strong.

Ycry strOllg'.

St.rong.

Strong.

.~o ' 1

· 25 \ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~\ ~ ~ ~ '. ~ ~ ~ -. -. ~ -, '. '. 'J. ~ ~ '. '. '. ~ '. ~ -. ~ '. ~ '.
~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .~ .
.05 i .

:~ ::::::::::::::I:::::::::::::r::::::::::::
.18 Very ~trong. !Pronounced. Very strollg-.

.25 Strong. lVery strong. Strong.

.51 Very strong. !Ver)·strollg. Very strong.

.20 iVery strong. I ·Strong. Strong.

....... !Verystrong. II . Strollg. Strong.
I I .

• •••••• ! Verystrollg. IYerystrong'. Verystrullg.

Faint. IYerystrong. !Verystrong. Very~trcmg.
.... 1 Very ~trong. ! Ver;' strol1g. . StrOll~ .

.17 I Strong. I Strong. Strong.

i I
· 1 Strong.. \Pr"nt)IllH~~>(l.

· , Strong '. !l'n)JlOllIl('ed~

.10 I············· ·1· ~ .
· 1 Very strong. I :-itrong..

. 1 Strong. ! Sirong,

.12fi IVery strong. I SIrong.

· Hi Strollg. ! :-itTong.

· U8 strong'j .Strollg'.

.30 Strong. SnoIlg'. Very strong.

.22 Strong. i Strollg. Very strollg.

.20 I Strong. I Strong.

I
,.

:~~ ~;~~;:~;l:';';~:: I·\:~~;·;;~:;.l;g. ;'~~~·;;;t;I;~:
. •..•.. Pronounced.' \ Qry lalllL Strollg.

.OOfi4

.008

.0032

.004

Faint.

.0027

None.

.()()l'2

.0004
21>' 82 .0028

24.91 .0004

.000-1

.OOOG

6.8

12.0

6.1

12.9

8.1&

Strong.
StrOlI~~.

.04
8.4

15.78 i None............... ';.';;' 'Ii

.004
.. 3.4 .

{m.9

......~~:: ~; '1 ~. 2: ~; ·1: :::::~~~:~~
11..1 1 .

~1. 8 .

............. 1 7.7 .

28.1 I' .
............. ]. 17 1

............. 1 1.3

·····,·;~:;··I···:~~·.
•62 1 : .

1.50 i....... Faint.
23.4 ! , Faint.

23.9 J 0.0 .

32.2

ti8.4

78. G

8ll. 4·

7V. ti

355.0

a07.0

14G.O

58. S

105.4

81. 8

13tL 0

H2.H

lID. ~

G.O

7.4

~H. 0

192.0

88.5
141. 5

110.0

80.8

i:w.o
105.8

130.5

1;~3. ti

1·12. ,1

171. 2

121. 8

8G.0

J ,~~ .,

;309.0

··jAtL8

22-1. 0

J03.0

·IJf).2

If);'). 8

1:~·1. [)
lS~. 01

21G. ·1

182.0

:W.O

33.4

wo.o
287. ()

163.1

221.8

171. 5

]28.8

190.4

IG9.8

202. ()

21§2

217.

223.0

130.0

118.0

78.4

185.0

H4.0

15

40

30

50

50

,JO

13

12

20

IHO

200

15t.

J I,·f. :2. 1. ~-:.~

....do .

. ... do .

...do .
. do ..

. do ..

:Mar. ~8, 1900

....do .

May 7, InDO

Oet.. 17,1901

Kov~ lU,IHOl

Jan. 2,lD03
.... do .

...·.do .

....do .

.... do .. :. ;

Jan. b, 1~)03

35

22

29

19

19
3E)

35

21

4 E.

4 E.

4 E.

3 I~.

lIE.

-1 E.

4 E.

:1 E.

·1 E.·

4.E.

::lil

2IIa .1. W. Wolf , .. ,/' IX.

21H Ii J. B. 1\[n11('I1 ..•..... 1, N.

2115\V. T. Fowler '1'
2]]() j Niels Peterson 1 N.

2118 A. P. McKern 1 N.

2B03 '~olf & Jones .

2~04 do .

2839 HotelCa:--tl I ..oma 1 N.

27·t8 Ut~O. Kinney.: .

27t/(i ~onnnJ Sehool ··.··1 1 N.

2Dlifi I ' ..:\.. B.. Jenkins....... 1 N.

29fi7 :.....<10·.............. 1 N.

2~)fiS A. J. Hansen....... 1 S:
29S0 do 1 S.

2~){j\.1 ' H, 1.. Chandler..... 1 N.

2t)7:) ; '1'C'ml)(~ eity supply .

all;) YalleY Se'etlles~

t;l'll}le Cu ..... ,... S. 4. E. Mar. 1D,1903 :WO

:~119 <lC) • ••••••••••••• S. :1 E.. . do 300

2:~:2G ~alt Hiver ". :Kov. 17,1899 .

2:2;jl;A.IL./t·llkil'lsc1iteh. lK. -lE I 20 nee. :2(),1S99:.~..
22;)2 ; do : 1 N. 4 E: 20 flo i ·
2:....'~;1 :. Hut' k(~\.:'e (~aIllll. '" 1.. -.' . '1' .. Mar. 5,IDOO! ..•..
221:'iti JUdllll'C]~Oll diteh 1 N. i 1 \Y. C?) ..... d(~ .....•. !.....

2:~-.10 ••••. (hi 11 N.II 'V. ('?) May 21,1900 ;.

22S7 : ~alt It! \'(!-r seepage, I I. . ~
l'.h()t..~I1IX / '.: 1 1\ln1'. n,HIGO

2288 SaltHiy()ratrI'elllPe.I, j ..•.....•.... ~Iar. 5,1900
22SD Sll] t l-U Y~~1' at Ari- I' .

Z<)1",\ d..l~m..••...........•.•••.• '1' .... '1' ..... " .....do ......
.2293 AgU<L. Fna under-

flow, BU(lkl~Yl~ •••• j 1 ~ .j....... Mar. fi,1900
2341 nueke~'ecallal : / 1 May 21,1900

Lewis \\'etzler 1 N. I 3 E. 11 Sept. 19,ID03



zp

I I Qualitative.
~l~a- i Nitr9- ------------------

HH-!'dlless, IInl~Y" Nitrogen in ! gen In
CaSO.. NH:!COa! the fornl of I the I

(su1l?hate of (black nitrites Ifor~ of Sulphate' I' 1\'Iagnesia. I LiolC.
lIme). al- I .. I 111- :-:i. I

kali). I trates. I I !1--------i----I-~-!---~!-----~-
29.,1 1 0.031 I 0.088 ,I Very strong. I Strong. ~ Very strong.

0. ° 1.991 .08 I 1. 24 trolloulleed'l .F~"int. i Pronounced,.
8.2 0.00 , , 1 Very strong. Instruct. Strong.

5.44 0.° I 0.° I 0. ° ·1' Strong. I Strong. Strong.
13.6 0.0 \ ,........ Strol,lg" I Strong. Vt~ry:-;trong.

13.
~~ I I #. ,

U 0.0 1•••••••••••••• 1 '1 Strong. ! Strong. Very strong.

16. a O.O! ....•• _•.... - ~l········ Distinct. Distinet. I Strong.

66.8

15.6

76.0
126.0

111.6
1~2. 0

24.0

Chlorine,
Nael (conl
mon salt).

Chemical analyses of 'UJaters in or nea,r Salt River Valley, Arizona-Continued.

I
ci. L<)eatio~_.__ ~ Jo~fd~

~ I Owner. :§ ~ Date. '0 soln-
,f:J. I a ~ .g ~ ble atS > ,... - ~ 1100 C.

~ ~ ~ I ~ ~

-~-I~TE~lPE-C~~t'd. 1--1--1-. -I &~':-
3104, I C.T.Shurp,sacaton·!······I······j······ Ma) 20, 1903

1 30 113... 6,)
3~51~ ! Reet.-sugar factory ..12 N. 2~. 8 June I~, 1903 112 I 54.6

3_3h I Ostflch runch 1 N '1 1 J~. 3 I Feb. ]0, 1904 1 170 1 130. 0

~~::~ IBartlett:Henrd ",. '! 1 N. <lE·1 30 ~~b. 4,1;01 I 100 194.°
<L,' ,)1 I'D., l,t Helenl ..... " ,' .. ,., ,I·,· .. ',I······ 1 eb. 16, HJ04 I······: 185.0 I
3~BH Bristol Flullllnerfelt 11 '8'14 E. 11 do ! 61 I 18t>. 0

3239 Robert Bowen ·· ... 1 2 s. 9 E. I ('1) ••••. do _.. \ 212 I 5tJ.0



~
~'t

..""
~

:-r
.....;

-------------------
~ Q) ~'=

"tj Q)<lJ •
Location. £ ~ s.2 ~.::: ~

.c: M ~~ ~ ~
~ "tjd 0----------- Q1 c.. o~ .0-

~';g ~
~C,) C,)o M

Owner of well. ci. ~. c: ~S d Qualitative.
:a '0 ~.~ ~S ~S

~ ~

d ~ S S~ ~

~
..c .~.~~ ..... 0

~
bD

~ ~ '8 M<:) ~ :::
~ <:) "0 ~ -:::~d

"soo ;a ;a
0 d <lJ <lJ ..cd 0 0
~ c::: en 0 ~ Q 6 u 00 00
---- -- --- ---- ---- ------ ----- --- ----

[Pt\,rt~ ill 100,000.]

.~~J
24 3iO. hO 22.15 176.5 23.59 .3 Sodium an(~ potH,~siuln snlphatcs.

3 E. 65 Bi.60 L60 11.35 61. 0 .4 Sodiulll a.nd magnesiUlll sulphntes.
3 E. 4('1)1 10;) 4~. 90 1. 85 5.3f) ItL 0 .8 1fagnesiurn sulphate.
3 E. 32

1

146 76.1 1.20 15.75 31. 5 .7 Calciurn ehloridc. lnngnesitun chloride and sulphate.
3 E. 20('?) 3ti 12tL 90 .26 :),05 48.0 39.22 .1 S()dilun and potassiunl snlphntes.

3 E. 20('?) 1 92 281.60 7.15 21. 10 103.0 .8 Maglle~iu;nsulphate.

3 E. 32('1)1 28 2S7.50 19.30 1H. Gf> 203.0 .8 Calciurn chloride, magnesium chloride and SUlphate.
2 E. 1 I 22 150. flO 2. ti5 20.45 84.0 .05 Magnesium sulphate.
2 E. 36

1

3i> 122.4() .21 10. GO tH.5 33. (is .4 Sodilun nnd !>otflssilull sUlphates.
2E. 26 50 ]1(i.30 .22 9.15 5n.0 84.13 . 05 Do.

2 E. 21 95 180.50 n.8 11. G5 tW.O . ....... 10.0 Calcilllll chloride, lllagneshnll chloride and sulphate.
2 E. 21 j 96 41.10 2.2 8.7 10.0 I········ 1.5 l\IagncsinJll chloride and sulphate.

2 E. 17 I 90 340.80 5l).90 12.25 68.0 I........ lAO Do.I

a McClatchie, Alfred J., and !i'orbes, Robert \1., Ariz. Agric. Exp. Station, Bull. 30, 1899.

Feet.
3 E. 4 42 116.8 1.0 22.0 7'2'.0

I
1.0 ~fagnesiumsulphate.········1

3 E. 171. 46 1.3 32. G5

I
110.0 .06 Magnesium chloride and sulphate.

...... ...... 30 117.65 1. 35 14. HO ti6. f> .2 Do.
3 E. 211>,10 5. no 2:t05

I
150.0 Trace. .2 ~fngnesiunlsulphate.

3 E. 20 15 222.0 2().Gr) 141.0 a:t8ti Sodium, InngnesiuUl, nnd potllssium sulphates.
3 E. 20 tiO 3G2.25 29.95 27.45 25R.0 .3 CaleinJl1 c~lloride, Inllgnesilnn chloride and sulphate.

...... ...... 30 413.10 5.45 47.75 285.0 .6 Mngncsinm chloride and sulphate.

Phoenix city supply 1 N.

A. P. MeKern 1 N.
--Thomas _ _..
School bnilding............. 1 N.

Indian Sehool .. . .. . . 2 K.

Do 2N.

'Yell south of \V. S. Law
renee s pln.ee~.

\V(~ll at mid<lle one of \". S
La \\' reIl('e'~ places

-- Cawthorn...... ~X.

-- Blaine '12 X.

J..A. '~::~~:-~~r·~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ I ~ ~:
-- Churchill \ 2 N.

M. l\Iorrison 'j' 2 K.

Col. \\'lll. Christy............ 1 N.

G. n. Brewster l 2 N.

~lll('kslllith ~hop· ....••.••..• 11 2 N.

\ ~\. H. S III it h I 2 N.

. Fran k A) k ire ! 2 N.

--- Barclay [ 2 N'.



I

'J

Qualitative.Owner of well.

r I,oca~~:.~-I ~ I-j-T~~---hT~-~1 i

~ ~-I-~-'- i I i~ I'; I~:. :i I 1I ~
e ~ ~ ~ 0. I ~ . I'S '3 .~ ~ .§ ~ .2 I'~I 0 d I Co) ~ -0 ~ ~~~ 3~ rg rg
i~ ~i~- -~-r~--I--u-~ Q ---~-- ~~-I-~ ---------------- -=------

-- Boyer: i 2N. 2 .E..~.•. 118('1) &:~"1234' 4~ I' at. 30. 10.85 149.0 i ·· .. · o. fJ ICalcium'and magnesinm chlorides.
"'. S. MeClain............... 2 N. :2 E. I 18 80 117.55 '1. 2 11. 75 '29.0 ,........ 7.0 Sodiunl and mngnesiunl Aulphates.
Glendale town' well..... 2~;. 2 E.: 5 90 79.2 ',2.8 20.0 89.0 I i SodiuIllsulphatc, magnesium chloride and sulphate,

---Bartlett 3N. :...')..E·I 30 140! 5.3.05. 2.0 6.95 17.0 I '8

1

' Magnesium chloriden.ndsulphate.
--Mosher - 2N. ] E. . 9 70 1340.'10 111..50 la.55 112.0 I 1.0 Sodium and magncsiulll sulphates.

J. B. ~Jorglln '.... 2N. 1 E'I' 5 ,10 i 4G.20 ',1.45 15.75 10.0 i ·· ..·. 4 Do.. _
H. L. lJnderhill,........... 2 N. 4E. 22 til I 84.4 1. 55 12.80 50.0 I........ .15 1\lHgIH~~ium chloride and sulphate.

fieorge Blount. ..... '........ 2 N. 4 E. I 26 40 11M). 3;') 20.90 22.40 90.0 I........ .4 I Sodilun and mngnesilull sulphates.

:::~~f:'::~~:,~f;:l~;,',::::"::'~::; :::::::::::1::::::::::: :I! ::::0 I..:~'.~.. ::::0 :::: i.::,: :::::: ::::::1 Do.
,Jan. f) to .J~1l1. in, 1897. I

.F. A. Hongh ,.... 1 N. 4 E. 28 22 j1mt Oi3 '.9 II 16.35 67.0 I.. ' 1 Magnmdulll chloride nnd sulphate.

J. \". \Voolf 1 N.14 E. 23 If> 1-159. 9{i 1. BO 32.90 94.0 I········' .:!·I MngnesiuIll slllpl1ilte.
i. 13.:\1 llllen................. 1 ~. 4 E. II 35 IB ! 2H7.5t) 4.0 1 40.45 192.0 I........ .25 ll\ltlgIle~iUnl ehloride and snlphate.

'V. 'I. Tr'll~l(~r ~.... 1 N. ·1 E. 27 12 I 1H;L 10 4:31 12.0 8S.5! 26.82 .3 Sodium and potassiUlll snlphates.

Nels Peter3011................ 1 N. 4 :E'II 29 20 I 221. 80 .66 15.30 141. [) 2·1.91 .2 I Do.

Canalgn' 1'1llH~h, () miles . 34.1 __171_.:10_'1_ ~l. 60 [' 29_.__05 lOS._._5 .2 !l\ragnCSium chloride and sulphate.
:'iOnthl'ilst or Phoenix.

--------- ---------------
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Analyses ofll'alcrs in Salt n,~n't rr((lley by electr,tcal nuthod.

[Data furnished by Thos. H. ~Ieans.J

Location.~()urce of
··s<lmple. I

Depth I Parts of I Parts of
to !. Na:!CO:: Iso1id~ in

water. lIn 100,000'1 100,000.

} --..--1-Feet. r---I---
.. ·,·mpeditch ... ! 1ulilesouth of Telupe .................................•......... i.......... 105

.rlll:~~:~:t~:: :1:::~.~~,::~~f:~e: :.:::~;t:~~;~\~~':n~l~ ~ -~ ~ ~_..'-:: ~:::: ~ '1 __ .:: ·:~I.::::: ~;~. ~~
.1Illtl. ! .dO _ · .. · .. ·~·· .. ···_· ·I ! ·· ..I 115
\rell. j Sec. a, T. 1 S., R. 4 E .. t mIle south of date ~rehard ·1······· .! 1 251

DO ! sec.27,T.1S.,R.. 4E.,Harn.l.on~sPlace.~ "1 51_ 10.5
1
. 160

DO : .. : Sec. 19, T. 1 N., R. 4 E., Reed's place........ 16 I ! 265

Do 1 Sec. 27, :NE. i NE. i, T. 1 N., R. -:1 E., Rice place ·····1 91 ,"j 209

DO·········1 Sec. 35, SEe i S'V i, T.1 S., R. -1 E ·············1 (a) ,••••.. • 1 167

:\:~;f~:::::::::i·l~~);'~~l~~~V~~~·t~\~fted:e\al:::::::::::::I·:,::~:I::::::::::I !!!
Do·········l Pumping plant below Highland eallul, ea~t of :Mesa ""1 60 1··········1 92

.:prings i sec.t.3., T.1 N .. , R. 4 E., springs. along Sa.lt Riyer seeping !: I 167
" I fro~ grave~. I

:::,:r~~:e:~:::::I~::~;:~~E~~~g;~:~;:;~ .:,:~.:i :~:::::: :: :: :::::::::: ::I:::::~;: i:: ::::::::I ~~:
-,lit Ri\'er --i Abo\'e intake 01 Tempe eanal. - ·1 .. · ,1-", ··1 113

:::g~~.~~: ~ ~ ~ ~.I ~~~.ti~~~;;:~f~~~r;~: f.~~~·~l::: ~~ .. ~ -: ~ ~.~ ~. ~ ~ ~.~ ~ ~ ~ ~ ~I:::::::: I~ ~ ~ ~ ~ ~:~ ~·I 1~
. Do· 1 Sec. 9, S\V. i S\V. i, T: 1 N., R. i) E., bric~yard.. ·.-······1 I:.! 1 1 179

, ;~~~lt~~~.~r·:::::i ~~.ej~~·n~\~·';;~~.n:~~;[di~l: ij~~.~:: :,:::::::::::::::::::: :1::::::::1::::::::::1 i:~
dl. i ..,ec.9, T. 1 N., R. 3 E., .,outh of f. depot ~ I •••••••• ,.~ •••••••• 1 17;-

g~: ::::::) ~~~. ~3: ~\;.~·s\\;:i: -T:'i ~.·:R.·i 'i:::: :::::::: :::: ::::::1::::::: :1::::::::::1 ;~~
[lreiW •••••••••• ! Emptying into Gila River 2 miles above Agua Fria...... i......•. 1••..•..... 1 258

~~~~:'~~:~~~ ::: :: I f~~:~iE~~~r-:::;':I:~~~:~;~~~:t:::::::::::: ::::::::::::I: ::::: :: I: :::::::::I m
lila RIver _ i ~ mIle \-vest of lllltlal monument. j 1 158
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a Rises to surface.

ORIGIN OF SALTS.

S.A.LTS I~ 'VEL'L "~ATER.

.A.. n inspection of· the chelnical anal~yses of ,,'ell ,vaters and a COlll

pal'ison of theIn with analyses of the l~iver ,vater g'iY~n bela"". reveals a
i'f:~lnarkable sinlilarity in the salt COil tent. Since the-debris eontriblltecl'
hy Salt R,iver is '.the principal source of the valley till, \ve naturally .
look to Salt River as the source of the salts found in the seclinlent.
The aeCOIllpftll.yingo table b.y l>rofessor }~orhesa indicates thr clral'aeter

'I Forbes, R. II., The river irrigilting waters of Arizona: University of AriioilU, Agrie. Ex:). Sta. Bull.
\(J. H, 1902, p. 174. .
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CumposUion (~l the Wf(,[etS (~( SnltRiver.
[Samples .taken at the COllsoli.r1attd Cana~ Company's otl1cc, :\Iesa, Ariz., represet'iting the Arizoltll

Canal danl snpply.]

PARTIAL ANALYSES.

of Salt River ,;vater. l]1e salts of the vaHey fill tire regarded· a~ COll·

centrations by evaporation fronl the river waters. A study of tit.>
conditions as. they exist in and near the river bed at the present till}('

throws S01l1C lig'ht upon the rnanner of concentration.•
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CO~IPLETE ANALYSES ·OF SOLCBLE SALTS, SrATED BY IONS.

[Parts in 100,000 of water.]

Silt, per eent by weighC, •........... , •••...! .O.32! 0.95 I 0.0961 0.714! 0. 025 1 0.024: O. O~(;
• Solub.le solid:-.parts in 100,000 1 72.40! 1Itl.OO !]14.20 1 95.10 i102.6-1 1106.90 \ 139.1;)

Containing-chlorine ~tated as common II' I I I II I
salt, ~aCl 46.2 I 52.1 I' 72.9 1 61.9 1 67. 6 '1 72. 2 I 98.1

Containing alkalinity stated as sodiunl ! ' I . I i
carbonate, ~a:2CO::·····················I········i 1.80 1 1 1 , : .

Containing permanent l~ardne~s ~tated I ! I· I . I i

ascalciuul~nlphate,CnS04············! 1.59 !..••.•.. i 2.7912. .45 2.12 I' 5.43 : 13.70
I : I I

Nitrogen, parts in 1,000,000: I! ! I

Totalnitrogeninsiltandwater·········i 6.94! 26.7 I' 4.36 12.19 Ii 1.96 ! 1.48 i 1:30
Nitrogen in nitrates ! 1. 32 I 1. 2 1. 90 I '·d. 52 1. 21 .67 i .i8

Nitrogen in nitrites ~ 1, Trac.es nearl~;..ahvays.

CO~IPLETE ANALYSES OF SOLl;BLE SALTS C.ALCCLATED TO' CO:\IPOUNJ)S.

[Parts in 100,000 of water.]
._---

S :1 • '1' ,... S·O I - - ! I - I - I ,)ollumSllcate. .:.~U:; I 3.................... 3:311 1.,9 9.3~ ;........ ,.461 8.;)0 f}.tj~

Sodium chloride, XaCl.: 27.84

1

' 42.80 6~.84 1

1

' 67.541 7'2. 16 1 9S.01

~Od~um SU1Pha~e, ;,>,:,80, 1........ 4. 97 1 3.46
1

.07

~~~:~:::~~1;:~~~~~0~::: ::.::::::::::::: ;:~~.! . ~::~ ;:~~t::::::I::::::::C:::: r::::::
Potassiumslllphate,K:::·SO-t 1 ········!········I 3.40 I 2.74\ 2.[.,()

:Magnesium chloride, ~rgCI:!................. 6.881 5.81 8.34 I , ; .
::'.fagnesinnl ca.rbonate, ~rgCO;; i 3: 03 2.37 ! : 9.93·1 10.21 I 11. ·l~l

Cafcium chloride. C~l.Cl:!..................... .7.50 I ··.· ..~.. I·.· .. ·.·I •....•••• I I.········
Calcium sl.ll!JIlHte, CaS04·:~········'···.·.·' 13.87! 6.82 10.30! ..... ~. '1' 3. 18

1' 5.37 I 11.~)
Calciunl carbonate, CaCQ3 "".' '11 20.48 10.53!...... .. 7. 71 7.00! ~. ~'O
_______.,..-- ...:--__ I .!
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upon

2~:~: I::::::::I 3~::: [ 3~: ~'l! 4~: ~~
7.24 i..·.. ~ ! 4.02 i 4. 37 1 6.[)l

2. 79 ! '.. 1 2.84 I 2.92: 3. :.?~

44.11 :.....•.. \ 40.96! 43.75 I 59. 14

7.27 ; ! 7.48 i 7.64 i 9.1~

:.~: :::::::~il~: ~~ Ll~:~~ i 1~:~~

I
18.3. I
1. 41 !

10.2 !
2.33 !

31. 57 i
4.81 1

15.45 i
1.111

Sodium, Na.· i 12.2 !

~~::~:~a~:':::::::::::::::::::::::::::::: I ~:~: I

.~I:~~~~~~l~; .~.~::: :::: :::: :::: ::::: :::::::::1 2~: ~ I
Sulphuric, S04 1 9.79 i

~~~~j:l,li~;O~:~'.::::::: ::::::::::::::::::::::: :1" ';.'~~' i
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CULATED TO CO:\IPOl;XJ>S.

r.]

-;;~T~'~-~-~T 7.46; -8~~o-T- -:

60.84 1···· .... 'Ii 67.54;, 7'1:. 16, 'J"

...... !~ . . . . . . . '4. 97 i 3. -t6 : • .
I I:
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to.30 I .••• ~ •. _I 3. 1.8.: f). :.;i . 11

I 1' ... /
to. 53 / ! 7. 71 ;, 7. 00
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b l'·orbes,R. H., op. cit, p. 165.

CHE~IIC"AL CfJARACTER OF THE \V ATER.

a Personal communication.

(J$.]

SALTS IN RIVER 'VATER.

In certain localities along' the ri v-er the surface of the underground
\rater is so near the land surface that evaporation takes place l'.endil.y.
\rater fr01n the river directly or frOIll the underflow is eontinuall.y
linding its ,vay into these loca~ities,.bearil1g·its burden of soluble salts,'
:il1d escaping frotn the s"urrac.e by evaporation, leaving its load of salts,
hehind. Localities ,vhich ·httve been thus affected .are founa near
Tenlpe (PI. X~III, ~1) and in 1l1any places in Gila \Talley. }~loods

may renlOye these deposits of salt or nUt~y hurtY thenl, according- to
·eircllillstances. ..i..L\.t the present tinl.e both results are being' aCCOlll

plished. The eon~tant shifting' of the river channel causes a, corrc
~ponding shifting- of deg'raclational and aggradational localities~

\Vheree the aggradational processes predoIllinate, a notable arnount of
the accumulated salts are nece~8nriIJ~ buried.

The orig-in of the salts contained in the river "rater presents a dif
ferent probleul.. It hus recently been den10nstrated by 1'1. O. Leig'h
ton ·and his assistant, Sheldon Baker,a of the U'nited States Cjeological
tiurvey', that the eOl1nnon salt so abundant in Salt Ri,~er is probably

, due to large salt springs. Sey'eral spring~ ,vcre found along the upper
reaclles of Salt River 'vhose ,yater is described as a ,veak brine. The
water is also strong in carbonates., as evidenced by large tra,~ertil1e

deposits at -the point of issuance. Iron is also ab.undant in the ,vater"
and is deposited near the spring-s as red oxide. l'he carbOllates COIl

tnined in the ,vaters are probably due in part to the lilnestones drained.
by .Salt~{iYer and its tr,ibutaries and in part to the decolllposition of
the gra'~'itic i~ocks 'in its basin. The sodiu111 ca.rbonate, or "black~

alkali,'" seelilS to .be due' to th'e decolllposition of the igneous roeks.
It will be noted, that the l'iyer ,vater is ordinarily lacking' in black
alkali, but t~at it is contained occasionally in flood ,vaters. It is the

~ belief that this is due to the fall of rain upon S0111e alkali-charged slope'
or lllesa which is seldonl visited by rains in sufficient quantity to carry"
a\V"ay the soluble salts. Specific exalnples are given by. Professor
Forbes bas. follo\ys:

For the period from Septelnber 2 to 17, during "which a Hood occurred, the salts
were greater than in the low ,,'atel' preced.ing and follo\ving. The alkali in this
water ,vas also distinctly black in character. These cirCUlllstances indicate that this

.. , Hood, \vhich ·,vas dllfLt~'heavj; rainfall on the lo\ver half of the 'Verde R.i,·er', \yashed
large surface acculllulations of 8alts froln a black-alkaline district into the 'drainage.
To a less degree the 3arne holds true of the slnall flood frolnAngnst 1t3 to 22. '-In
most instances, howeYcr, during tiood tillle the soluble salts IDore or less abruptly
decrease oppositely to increasing sedilnents: :\Iountain rainfall such as ,yas that of
August and October, ISDH, and l\Ia:', IHOO, is eyidently responsible for this freshen
ing of the ,Yater. Jlountain rainiall in SCHlthern .Arizona is lilore alnUldunt than
upon the level,'lo\ycr' deserts. The higher "\Yaterslieds, b(1ing better drained, afford

..
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fresher ,vater. The less frequent,. though often copious, floo(18 \vhich ~,veep tIl('
lo\ver leyels carry lllllCh aC('tnnulate.d soluble .salt into the drainage, \vhich is ottell
thus rendered strongl.\T saline. .

EFFECT OF SALTS ON VEGETATION.

E~~FECT IN ARIZONA.

There is a ,vides-p~-ead . opinion arnong "iatcol- u~ers of Salt Ri,·rl'
Valle~r that the ,vaters of the nnderfl<nv are injuriou~ to veg'etatior;.
The evidence on this question is conflicting'. It is .probal)le that too
little i~ kno"il1 of dete1'rninil1g~conditions in Salt l{iver 'Talley to dra\v
an.y general conclusion at the present tiule. 'fhe character of the soil~

the nutnner of llulnipnlation, and the kind of crop should be considel'e<l
as well as the character of the ,vater. Professor }-'orbes a has studied
this question and concludes that ,vaters containing 11101'e than 100 parts
of ~oluble salts in 100,000 parts of ,vater .. ~ are liable in a few year~,

to cause harlnful aeculllulat.iolls of alkali.~'

On the other hand there are lIHlny instances of land irrigated with
pUlllped water alone 1vhel'e no detriulental effects can be detected.
The Collins ,veIl has supplied land entirely '\vith irrig'ation ,vater con
taining 150 parts'of soluble salts in 100,000 parts of ,vater, for sc,reral
~years, ,vith no detrilnental effect that can be detected. Doctor Kunz~s

garden has had no ,vater for ti,~e years other than \yell ,vat.er eontain
ing- 223 parts of salts. The eotirt-house yard in Phoenix has been

. irrig·atecl. for about t,,;e~ty years with well ,vater alone, containing
froln'lq2 to 136 parts of salts. 'J'he Indians' at the- ,,¥estel'll end of
the Pifna Reservation have used the seepage ,vater frorn Salt RiYcr.
containillgabont 200 parts of SH]ts~ for Inany years. I.Janclllpon \vhich·
this ,vater 'has been u~ed eontinuously at lea8~ since the Indians e~une

under the supervision of ·~he ,vhite Inen, about thirty' years ago, is at
the pre~ent tilne the lllost proc~uetiYe laner on the reservation.

'rhe sodiun-} carbonate (black alkali) is the salt 1110st feared by those
wlho object to th(:~ use of IJU'111ped ,vater. It ,vill be noted froI11 an
inspection of the tables that no socliull1 carbonate is found in the uncler
flo\v fronl which the g'reat proportion of the plllnped ,vater is to bl'
~ecured. The sodiulll carbon<ite is found ~ o'nly ill the c0111paratiYcly
unin1portai1t surface water~ in the ~Iesa reg'ion and in the Phoenix
reg-ion and is north of the area in ,vhieh irrigation waters can probably
be plunped ,vith profit. It is evident, therefore, that the quantity of
this ~alt ,vhieh ,vould probably find it~,vay into "vaters l)lltnped fot.
irrigation is too snlal1 to be seriously considered.

The effects of aecnululation of salt~ jn the soil is plainly 111nrkecl in
c~rtain parts of the valle.y.. _l\. eousideral)le part of the land..south of
Tenlpe is barren in places and co\~el'ecl \vith \yhite jncl'ustations of ::,nlt

a Forbes, H.. H., op. cit., p. 16r;.

f

.J

I J

~

! E,
~ ~

I

'.~I
i

I
I
•i
I
~,
t
.I
i
t
j
f
t



A. AN ORCHARD NEAR PHOENIX KILLE.D BY LACK OF WATER.

D. DESERT NEAR TE.MPE, SHOWiNG TYPICAL DESERT VEGETATION.,

WATER-SU.PPLY PAPFR NO, 136 PL. XXIIU. S. GEOLOGICAL SU'iVEY

~ .
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(1=>1. XXIII, --<01). SOllIe of .tbis In.nd has been under cnlti\:":ltion~ and
hus been abandoned 011 account of theaccnnlnlations of alkali. It is
in this region that the I~ureanof Soils has leased a tract of lanel for the

O

purpos'e of deUlonstratillg' the B.lcthods of l.'eelaillling alkali land.

EFFECT IX EGYPT.

"Taters Bluch lllore saline than those of Salt Ri,~er Vallc}T 111Ry be
used for irrigation if u8cd properly, as is s"llO\Vn by the follo,ving
extract £1'0111 a circular by ~Ir. l\leans: a

During the f:Ulnn1er of 1902 a representative of" the Bureau of Soils visited the
oases l1f the OtH~d Rihr country in the I)esert of SahaTa in easterp 0..\ 1geria. In these
oases artesian waters carrying vpry large quantities o.f soluble rnOatter are used suc
cessfu1ly for. irrig'ation. Fron1 the illforluatioll gathered therc,·and frorn experience
in this country, it. seelns that the a1l10unt of soluble lnatter allo\'Table in an: irriga
tion water has been greatly underestilnated by Aillerican writers, and that lllany
sonrces of water which haveo been conc1en1ned can be used \vith safety and success,.

o proy"ided the proper pl~ecautionsare taken to prevent the acculnulation of the salts.
As the precautions are those \yhich should be taken l)y eyery irrigator, esen if pure
water is used, jt, seenlS an inlportant Inatter to bring before the .Aolueric-an people the
lnethods in use in the Sahara.

The staple crop grown hy the .Aorabs in the oasis country is the date, the fruit of
a palIn tree known to be one of the plants Inost resistant to alkaline or saline condi
tions of the soil, but in addition to this considerable quantities of the deciduous
fruits, garden \'egc'tablt,s, and alfalfa are produced for horne con~nlnption.

Borne of the vegetables successfully grown are those considered sensitive to alkali,
and yet they ,,,ere being irrigated \rith \va.tClf containing in sor118 instances as luuch
as 800 parts of 801ul)le salt~ t.o 100,000 parts of ,vater, sornetiInes as high as 50 per
cent of the salts heing sodiunl ('.h~oride.

The liInit of cOl1centration for irrigation \vater in the TTllited States, even ,vhere
only the 1l108t resi;;;:tapt field crops are to he gro,vn, has he(Jl1 placed by some author
ities at 30 parts sodiulll chloride (cOIrnnOll salt) or sodiuln carbonate (black alkali),
and at iron1 170 to 300 parts of the less' hannful salts, per 100,000 of \vater. 0

* it * * * * 0Jt0

The fact that the .A.. rabs in .Algerial} oases are actually grcHving sensitive plants by
the aid of irrigat.ion ,vaters containing frol.H 400 to 800 parts of soluble salts, in BODle

instances 50 per cent sodilun chloride, 8ho\ys that the Bureau has been on the con
servatiye side in its estinlates and f::hould encourage a Inore hopeful feeling aillong
the people oecnpying areas \y here only alkali "\vater i~ ayailable for irrigation.

The prereqni~ite to the nse of wafer of high salt content in irrigation is the kno\vl
edge that the Inethods eluployell are opposed to the teachings of lnost oArneriean
.writers on the subject. Tho~e \\'ho place the lowo lilnft of ~afety for alkaline irriga
tion \\Taters haye taught that "'here \yater ,,'as badly alkaline irrigation shoutd °1?e
~paring. They have not insisted on thorc ugh drainage, and they have ,yarned irri
gators against too frequent j rrigation. \\"itll such practices the lilnit of concentration
which they set i:-: prohably high enough, and eycn t.hen all except the 111081. sandy
:-:(.Jil~ or th(J~e "'it h C'xceptiollnlly gO()ll natnrid drrlinage \,"ould ultirnately oe (hunage<1=

The n:iethod~ in tht~ oases Hre quite difft:,r('nt. The Arab gardens are divided into
;..:mall plats, about 200 feet. square, betwt'eu ,,~hich rnn (lrainage ditehes dug to a depth
IJf about :3 feet.. The soib being yery light and sandy, this ditching at shortinteryals

II ~Ieans, T. n .. The use of a.lkaline and snline witters for irrigation: Bur. Suils Cireular Ko. 10, U. S.
Vept. Agric., 1903. •



insures the mOSt rapid and thr)rollf!'11 "r:till;l~l>. Irrigation is by the check Oleillflli.
and applic<ltion is lllade at 1(I:l~t once a wl'ck. lhotl~h oiten IwO wettings a week :If.

deemed neces::ary. .\ larg€' lIU:llHuy of watl'r i~ u~L'(l :11 cal'h irri~':ltion. Thu!o::1 {'''ll

tinuous 11I0VCUll'nt of ihe W;lIt'f downward i~ lJlaillt~lillt..·'d, and there i:-E little <JPflo..-fll.

oity for the ~il water h) heeOllle llIorc NJnt'l'lIlratcd thall the water a:-: 'lpplied. :tllo!

the inten"al bctm;>(,1l irrigation:, being ;:;0 ~hort but little acc.-umuhuiOll of s-all inllll

enlpomtion :It the suriat'e t:\kt.'S place. \rh:lt coneentration or acclllllul:uioll dOt-,.
occur is "quickly corrected hy tire succecdin!! irrih"3lion.

The native g':mlcllS are ~i(\Iatl.·d in the date palm g"fo,'c:" and the vcget:lblcs and
fruit are grown ill the partial fh:.Hle COl:;[ hy these tree:o;. The llati'·e;:; not only lIa\(.
the \Iuestion oi ,'pry :"nline irri~ltilm w:ttcrs to contend with, but the soil.::; originally
are oiten very alkaline. III three y~;lr:! tllf'~· rl'c1aim land too Fahy to j!row th(' minor
crops, u:"ing the :,aline water ior that purpose, followiug the smile plan oi draill:l.!!c
and weekly irriJ.!I'HiOIl :I:; where crops are growilll!. One garden :-ittlated on th~ ~id\"

of ;L salt flat and oriJ!inally \"l'ry f'alinc wa15 ,·i::::itcd. Hf're alialia ~.:l.':' in very good
condition, and Ii).!, p<:lInegl·an:lfe, melon, tomato. <:abbage. pepper, nnd other plant:-:
were growing luxuriantly. Thc reclammion of thi~ plat by irrigatiun twice a weck
had taken thr\:c ycar:<.

+ * * * * * *
The irrigation water i5 all drawn from :lrte~ian well:;. .\. number of :"Ilmplcs were

sent in to the labomt,)r)' for tlllaly:,is, the resul{!" of which are showll in the follow ill)!
table. These arc fair :l\'era).!c :"amplc15 of the irrigr\lioll waters in lise, and do Illlt
fE'preSl'nt by <In)' IlI('lt1l...: the 1Iltixillllllfl of r-:alinity. Field tests !:lhowcd as high as
816 pari:" to 100,000 \)i watel' in actual lise Oil soils growing \'Cgctllbles,

U:-.'DEHOHOL':l\D WATERS OF SA LT RrVER "\ ALLEY.
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HETt:m:o; WATEH.

I151E('O~O)II(,:';,

THE UNDERFLOW.

W.\TEH E~TEHI~n TilE \",-\LU'::y'

QL\::STlTY Ot' LXIJI.;Bt:I:OL"XD

I.I:E:,J

In order to ~CCllrc n lIIC:ISlIl'e of the waLl'I' clltcrill:,! the \'allt"'y {ill as
underllo,,·. it would he IJ('(·e...:~nI'Y to Ill('ilSlIl'(' all :;tl'C'atn~, hoth penna
Hont :llld illlonliitlelJL a:-: well :\:-: Ibe olTa,-donnl watcl':-: entering' as ~beet

w:l.':ih frollt the :-i1l1'l'Ollllding' hilk It would be Ilc('c:-:sHr,'-, furtherlllore,
to measure the qllanli,y of ~llrf:tC(' water e:-'(;:lpin~' frolll the \"fIlley.
The gretHel' P:lrt of thl' ";lIppl,'" i:-: froll! :--lair Hin'l' and the lotal quantity
C'ntcl'illg" frolll tld:-- sOtln..·C i:-: known f;-'Olll t.he record...; of the gaging
~tation:-: On S:dt and \'ct'{le rirf'I':-. The alllount lakl'll frolll thC' I'i,'er
by the tnnab i~ kllown, hut the lu~s frolll the ndlcy during' times' of
flood i:; unknown 011 ;Iccount of the want of a l!ag:illg" ..4fltioll at the
outlet of tbe mllcy" It i," therefor"c" obriou,ly ill'!)o"iblc to a1'l'i,"e
in this way at {"'en all approximate IlIC:t;o;t1I'C of the waleI' elllering the
1IIJdC'r!low. OtL('1' methods mu.'~t be resorted to ill order to obtain a
ytllllltitati,-e e....:timate.

The Tcmpe l'anal di,"crts all tlte ...:urf'al'C' ",nieJ' of the rin'l' Ilorth of
j\fc~n. ~l'al'. Tellipe the. undrrgl'ollnd wah"'!' I'ctUI'I1:-' to the $\Idnce,
lIwking':l now of ahout 35 ~ccolld,reeL \\"c:o<t of JllJOCllix the ImdCl'
g'l'olllld water ngnill return:-: to the .... lldavC'. It i.':i 110t po.s,..;ihlc at pres
ent'. howc,"cr, to :-,talC what proportion of thc seepage water comes
from Salt. Hiyer. ,..:illl'C' it~ 1Illdcrl"low joill;-' thilt from (iila Hi,'cl'. It is
probable. how('\'cJ'. <1:-: pl'c"iol1;o,ly ~tfltl"(l. that the underllow of the
Gila is fed ill large II1CH:-urc by the W:lt('l'~ frOIll Salt Hi\"(~1' pa~sing as
underlio\\" Cfl~t of :Salt Hirer )louni.ain... III (lil;l Yalley we~t of
Florence nil the watel':5 di,"crtcd from tll(~ rh-er, eXI".'ept during occa
siollal tlood:-:. arc ,..:('('page water:-:. The lIow in the Gila channel and ill
tbc Indian tlitchl':- at Gila Crossing W:lS son illl'be~ wlien Illcasured Oil
Aug-u::;t 17. U1t12, :\11". .:\1.)1. )ltu'phy e...;timatcd the W:ller eli \'erOOd
by the Indian dilchc:-: el1,..:t of tht"' junction of Uib and Salt ri\"CI':3 in
January. ]!lI/:--:. :1.:- :)UII inches. Ica\"ing- J.IIlIV inclH's in Ihe ri'·er. The
,\';Ill::tllcl' 1'111l:t1."'i of ~alt Hi,'er, between TCII'l)c and the BU<.:keyc, di,'ert

, wuter as follows: #
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D..l\·i::i fl ~ays:

Th~ aU10llut oi :"I'l'pa~e WUh.:r was Ille~lIn..>(1 hy .:'Ilr. CyrllS C, Babb ill June, 1~!JU,

:lnd [he r~lIlt~ :-:!lOWl·t! in UIll" C;,l':c an iIlCf\.::l::iC oi Ol'cr ~O ~('cond.ll.-'Ct in ~l di::[,IIH'l'
of 7 mile,:.

indian __ . _'0' •••••• _'0' __ ••••• ••. _.0 ••••••••• __ •

Lf'on . _ __ ._ __ •..••• __ .

["'t'lli nsu In . _. __ • _• _•... _. .•.. ..... _• __ •••••.••••. _• _

Code' ,tate" Ih"t .. the reLurn 1I0\\' picked np hy the Iwad of th"
::\laril.'opa and :-'ah Hin.'l' l';lllais in ordinar,\' year:, i ... fouII<1 to appruxi
mate 6u ("uhil' fl't't PCI' ;O:;l'('olld. Tlli~ flow ha:-: natul'ally dccrca~('d

during thc pa"'l "'UlIIlllcr owing' to tlie ~c:l.nty irrigatiolls I'f'l't'i\"cd b.y tilt'

::\lesa. l·lah. and TClIIlH:' lalld:-: abon'. and to the gradual IO\\'(:'l'ill~
of the ulldCI'g-rOtllld ... upply.·· lIe titate::i further liJat-

The winter flow j,. ahout ,IOlllJll' til(' 'lbon:. A\'ailablc SUIIlIllcr Ilow at the hcatlld
St. John:'! canal i:-: -100 inchC':".

:'I1aXilllU1l1 wiull'r /1(1\\' I flQt fluod) at St. Juhn:'! is: 800 inchc:'l.
Indian dill'iH:::i ull lh{> luwer Ciila take a minimulil oi -100 ilwhes.

The Hlllount lakCll. hy the :::;a!L H,irel' and :\Ial'icopn. l'nnflls- joint
hcad-for .JUJIP. J.!)u3, :u'craged 1.3±± indies. This is :-:liglJtly 11101'1'

thall ll.')ual.

The :tIIlOlillt din'rrcd hy tbe But:keyc callal is gi\'cn by ~rr. \V ..\.
Apg·llr. a:-: follo\\·.-.;:

"A fcw rillY" 11l1,'r.

hlhl\i-., .\. 1'.. Irrkati"lllh'llr l'h''':lIh: ..\rlz,: \\·'Hl·r·Snp.IIIl,1 Ir:. l'.q'cr Xu. '!, ".~. liL'lJI. ~lInt.y,
1"\9;, p. 13.

"Codt', W. II., Irrl~lll:"li ill ..;"It l:i\,cr \'lLlll-y, ill Ih:Jlon of irrig'ltivll ill\'C"llgulivll" for 1900, .\"0,:::
[. K O{'PI. ,\gri,'., Hull. 101. IWI. p, 10:1.
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Sl.ICIlTEn's ~l f:TIIOD.

)1 EASl;B:I:\G I'll E ex OEH.FLOW.

The mo~t elaborate and sciclltifil' method of al'l'Inng at a qualltita.
tirc c:,timatc of the lIIJ(.lcl'~roun<1 W:ltCI'...; of [he ,-alley i.::; obtnincd from
lhcapplicatioll of ~Iichtcr'~" IHl'lhod. 011 :1t'CtHlIlt of thcgrc:1t itllpor
lall\,;c of arri\'illg at as accurate all nnderstanding :1..: possihle of t.he
1I1luel'IIow and it,..: probablt' \'olunH..'. I quote from thb paper such por
tioll'::; :I:' apply to the prillciplc~ and lI1etho<.l~ of prol'edure. After a
c1isl 'lIs;.,ion of the pl'illl'iple'''l relaling to the 1Il0\-emcnt of underground
\\'ater~. Pl'ofes~oi' :"Iiehtel' procceds:

[o(moll{.,.-The formula which the writer h~ ded~ for dClcrminillg' the flow
'Jf water through :1 column oi I"alld i:o; tlS follows:

jicl'lt ..
q=O,20I~ JlhA~l:nlm'Ie('lIlt'rminute. (3)

h, this formula 'I ::=tands for lhe (Iu:'lllliry of wall'r tranS1l1illOO b.\: the Cl.'lumn oi
~:tnd ill une minlltC': p i:: the diffcrent'c ill prc:-,::ur' at tile cnd::: oi the columns, or
lht: he:hl ullder which the Itow l~lkes jJlaCl', lIlf'a,.L1l·l'1! ill it'l'! oi water; .~ is the area
(,j the cro::s sect.t.on of the s,,'1nd l'ohllllll, l1lf.!:l.Surt.:d in ::-tIllar<! f",ct: Ii is the len~lh of

.\('('onlinQ' to Co(h":-; c,..:{illlatc the rrturll water 1:; :!10 sccond-fect,
wllt'rca'" thc (',..:lil1l:l{c g"i\'cn :l1,o\'c i...; only 150.

Therc i:, 110 timc for whit·h llIea"'U!'PIHCllr:-; arc on-nibble for all thc
l':lIIa!..; diH'rtillg :'t.'Cpagl\· watl'l'. The amount. howc\'cl') of thc i'ecp
a~'(' ,,'ater doc:; HOl \":ll'y Lo any .1!l't'at CXICllL Thc n\'cra~:te alllount,
t!l('II. ';It:l'ording- LO thc ht'~r Illca"'lIr('lIl('nt... alit! C.::;tilllarcS a"ailablc is
~UIIIPlhillg' O\'cr 15U ,..:ccond-fecL Illakillg' :l rota I of mOl'e than 100,000
;\('I'('·f.C('1 per year,

If Codc':j c:jtilJlalC he' accepted the relul'n water cast of the 6uckeye
('allal i..: ",:olllcthing u,'cr 1311.001) :t<:I'("-feet pCI' yeaI', A :::mall part of
thi::; is r('turn Wilter from ilTi,!!:ltrd land:,. out the greHLCr part is from
the nnlUI':t1 ul1(Jprground flow. A cOllsidel'aule hut undetermined part.
or it i, from the Gila underfloll-, "ut the greater part is from Salt
Hi,'er.

The :-::ccpage waters Pstilll:lted at 10n.000 acrc-feet pel' year are only
tho:,c.!'etllrlling- to the :;urfacc C:L::it 01' the Buckeye l':lnal, nnd take no
:Il'('Ol.!lIt uf a large quantify of I'durn wHter di"crted by the sc,-eral
(':lllal:- farther down the l'i"cr, Further/llore no account i:-; taken of
the quantity pfl::ising a.::; underflow through the gr:ln~ls at the lower
('nel of (he ndley. nt the Bllckeye hcad-gale:-;, The 100,000 acro-f.eet
i~ a measure of the ~pill frolll the. LOp of the llliderHow-watcl' which
the ";l1ley fill 1'01' :::ome rell:;,OIl is tlllahle to hold, The total ,"ulume of
tllldcrlio\\' I:;: therefol'e :;:olllcthillg greater than 1(10,000 acre·fect per
yeur.I
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I Acre·feet Ik:r Yl'llr llt vclocity of-
Area of cro~"l' ~ec,, -,- "

lion III ~'IUllrc -
lect. 1,360 It.'el Il(:r I mile per I mile per "l Ullle.~ !>er

)·e:lr. year. rear. rCllr.

(}uulltiiutiri eSiiillOlu uJ 1Iliderjtuu' oj ,'{ait m,d Gifa rirer.If.

Since the maximum ,'c1oeity pre,'iou,h' quoted is 3,6 miles, or lS,nO"
feet:. pCI' ycal'. it:-;cCIIl:-i probahle in ,'jew of the g-n:oat freedom of 1110\'('

nreat of the lIIltlcl'gl'ollnd waters ill a IILl1l1bcl' of pincos ill Salt Ri\'cl"
Valley, as shown by pUlIlping" tcst~ and otherwi.:o:c. tb~lt the ctfecti\'c Si1.I'
may be IIllH.:ll g-rcatcl' in place'::) th:lll 0.72 111111., and the porosity may
be greater than -!-O per celll witb a rate of 1II0\'elHcnt COlTcspondingly
greator. It is reasollable to suppose that in JlIaterial of such ";lrying"
:;ize as chat of Salt Hi,'cl' \'alley acculHulations of the coarse gran.1
and bowlders ill places otcnr with little sand and silt. Such hcds would
offer little re;i;lallee to the undertlow and a ,'eloeity e,'en exeeedinl!
the maximulll ljuoted auo"e (:~,6 milc;) might ea;il)' oceur, It i; e,'i,
dent f1'01l1 tlte ljuantit," of rctul'll water-more than 100,000 acre-fcet
pel' year-lhat the undcrllow of which tilis returll water i:;:l part may
easily :1l1lount to lhe 14KUlli acre-feet per yeal' indicated by the :lppli
cation of Slil'htel"';o; fonllula. illld Illfly po....siul.v be much greater. Let
it be rcmC:illbcrcd, hO\\'c\-el', that the 100,000 acre-feet of return water
is frotll Gila and Salt l'in~l's combined, thcrc being no way at present
of scparating" thc two.

lt may ue lI;eful 10 ,-ompute tbe ,'olumc of lIndcrUow for se,'cl,,,1
possiblc \"clocilic:-i, bearing- ill mind always that ;o;ince the Hetunl rate
of underUow i;o; ul1known, t.lw I'esult~ are only possibilities and ha\'e
'only illllstmth'c nt/lies.

In U fOl'lner paper" on the lIndergl'olind watcI', of Gila Valley eel'
tain estimates of thc possiblc quantity of the Gila undcrHow wCl'e
Iliadc. )Illcil le:-:;:i is known of that \"idle)' than is known of :::ialt Hin'l'
Vallcy, and tbe estimates al'e Icss like!:' to be COl'rcct than those 1'01'

Salt Hi'-el' Vallcy, Sinec the two nndertlo,,-; join and tbeil' relatirc
yalues arc not ddcl'l1Iinnhle, tbe e:-.tilllatcs Illade in that papcl' arc
quoted fol' comparison with thosc heroin gi\"on. The two tlllderflo\\"~

~boulr( he l'on~idcred tog-NbcI' for the rC3.:;OIl tbat the only reliahle
measure oE the quantity of underflow at hand is the return wutei· of
Salt and Gila I'i,'cl'; eOllluilled,

Salt.Rh:cr. __ ..... . 11,880,000

G'I R " 8-9 'J'.'1:1 l\cr "'.' __ '1 -, I_,'';V

TOl..'lI_ •••••• __ .•••• _. • _

tiLe.... W. T., The 1l1111t'n:rOlllld \\>11 ...01 of /ilia r,lIler, _\riZOl1l1: WlltCf.::iIlIl. nud Irr. j'lI.fl't:r .s,).
10-1, U.:::. G..'01. !:iUf\'cr, IWI.
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THE RESERVE,

•

It will Ill' Oh:-if'l'\"l'd thai with the ~,:.. i\'ell l'ro~~ ~('dioll~ anLl :l pOl·o~it.Y

of 4\1 pel' cent a \"(·Iodty of olw-Imlf Inilc per ycar ~'ield::: a "OlllIlJC of
a57.;)ii :u.'1'c-1'.'(', per yt'ar. l'oll~idl'I'illg the great "olullIc of return
watcr;,-llll;.OUU :lcr~-ft'f'l or lIlore l'a~l of thl' Buckeyc callal and a
large though unknown "OIUIlIl' wc~l of that ,,:allal-and con~idcl'ing

:t1~0 tbl' CO:H~CIlC:,,~ of till' watcl'-bpal'illg' Il1alerial and the freedom of
Illo,-ellleut c,'idc'llt at mallY of the pUlllpillg" pl:tnt~~ it '~el'IIIS proiJable
IIl<lt the rate of IIIQ"Ctllt'llI Illay he gl'('atf'r thall the computed mt.c of
J.i:H.iU feet per ycar, :lnd th;lI the ;l"erag-e ,·clocil." lllay be morC nearly
one·lmlf mill" per ycar, Illakillg" a normal "OllllllC of underflow of
:tSi. 7ljV al,,'I'c-fcct pCI' yea I' i II Sal L H in~r Vallc.,- and li:J~.5().J: :tCI'C- fcet per
yClll' in Gila Valley. or a tOLal of 357.;;2-l- acre-fcet of waleI' cntering
the underflow each yeul',

I

I

I I
r
I

I
I

i
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<ll',\-:\TITY (W WATER.u:r..)

The compulation, tbu" far h'H'u dealt on I," lI'ith the f1oll'-thnt' is,
with the ,'olllllle pas~ing- thruugh thc assullled cro:;~ sedioll during the
year: they take flO accouut of. the water ..dread.,' jll the ,·alley-fill. An
c~timatc of tbis alllount.. llla.,' "0 ill,.:tl'lwtive.

There arc in Salt Ri"el' \':tlle,"- north of the Pima Indian Re"erva
tion, abo~lt ·5:l5 ~quare IHile:" (fig. ~1) bcneath wlJith lllldel'gl:ollnd
"'filct' occurs Ic~~ than 5(j feet below tbe surface. About 275 square
lllile~ of this area arc underlain hy uowldcl' IJ cd::5. Thesc' heds arc
klJown to he thicker than 150 feet. hut how 11I1h.:h thicket' Cfln not he
titated. They fire known 1'0 extend IlPyulId the limits of the al'CH indi
cated ill the Illap. but to ",h:lt extcnt 1'C'lllains unknown. 0"01' a con·
~demble part of the 5~.j. ~qllare lIlile~ the water i.s only ]0 to 20 feet
beneath the sllrfate. A~:'lllllillg the lilllit of lift for r>ulllping as 65
feet. and allowing 15 fert for the local depre~::,i01tof the water table
due to the action of the pump, it is c,'ident thaL pUlllp" placed in tbe
lowol' portion:" of the rcg-ion might pt.'l'lIlfillC'ntly lowc,: the Im'cl of
undcrg-round watcl' 3.1 feel and ~t ill outaill Willer \\'ithin the limit of
tost. It is furthermore e,'idrnt. froll. the rradill(,~::: of mo,'ement of
the underground \\'aters that 1Jl1I11P~ plal·ed on the lowcr g'rollnd~

might readily draw from tlie whole I'('~ioll :Lnd dCl'rc:"s the water table
uniformly.

It is thought that \\'atel' ('ontained in the ,'ast quantities of material
heyond the 50-fo,ot contour will 1II1h.'b 11101'0 than l'olllpensale for the
al'ca in whieb the tiner lII:lt('rial pl'edOlllinale~.:1" indicated in fig. 21.
and that it i" "Ife to assume" porotiity of ,10 per cent for tbe material
O\-er an area of 5:2.5 ~qual"(, lIlile~ a' a working u:t~i:;, 1 n order that the
watrl' table shall be pCl'ln:llh'lItly )uw('\,rd 35 feet tile grarels 1Il1t.~t part,
with the water ('ontained in the ~p:\l'es, :llllountillg to 40 per ccnt of
the ,-olullle on"r all Ul'f':l of 5"2:) Hlll:lI'c lIlii<'~. or ;):)li.OVO acres, and 35
feet deep. This :11110\lnt..'i to .,I., ifJ-kiJOU acre-feet of water.

I, 15 I, till'

:riS, :!:"

1, 5:"9, :.~ ..
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Viewing till' prohlplll frolll another ~t:lIldp()illt. tlWI'C' is arail:t1llt· fllr
pumping in the gl'arcl....: at the prC:O;l'llt tillle. pro\-idc<.l 1I0n(' P..,tap",

water in tiuflitirllt quantity to CO\'CI' the 33G,(ltlu acre;.: to a dt'pth of II
feet. This water if applil'd to :MO.ool) :lcn'~. the l..'4il1latcd art'a 1'lIl1i
"ated ill Salt Hil-er-y"llcy. 1I"01lid ""pply the elltire area, alloll"llI;! I
at.'re-fcet of watcl' pCI' acre pcr yl':lI'. for IIcarl.,' 40. ycars.

It should he stated in this t'Ollllcction that the iIlIllICIl::,C quantity III
water contained in the gran~b is continually modng' down the ,'all •. ,.
\Yhile the W:ltCI' tnble rrlllain:-: constant. the inflow at. the Jwatl ;1;1.1
&ide:s of the ntllcy equals rhe outUow 01' (Ii~chargcat the 10\\'f'1' I'lld.

The total qllanlil.':. thercfol'f. should uc.coll::,idcrcd;l:-: n I·C:SCITC 1~ltll •. r
than all anlilable :-:lIpply. The quantitj" entering the underflow l'1'IIn'.

sentrd by the ,·o!ume of Ho\\" i~ the maximulIl amount which can Iw
considered a::: permuncntly <l"ailable for pUlllping. Thi~ illllOllll1

might be withdrawn continuously if the pumps could he arrallg"ed ill
such a manncr a:-: to sC'cure the whole How. Since this i~ oll\·iou ..h
impossible, something- \cs.-; than the normal lIow is Pl)I'IWlllelltIY:l\·ail.
able for pumping. A gr.entcl' draft will draw upon the r(':-:l'ITl' alld
continued u:-;o of the rC::icn'C llIay lower the wator table in tillic to :t

horizon too deep for pUlllping.

From the quantity of the l'eSCITe it is e\'idellt that pUlIlp:; IlJi)!ht Ill'

operated for yeill's before thc l'e:;elTe was exhausted, pro"idcd till'
natuml escape of the lI"atel' from the \'alley could ue ,,,"e\·ented. lI"t
since this e~nlpo is great and COII:-:tllnt-Il\OI'C than 101),000 acrc-fl'd
per year (be::::ide:-; an unknown quantity passing- as underllow ill thl'

Buckeye rcgiOll a:-: pre,-iou~ly de:-:cri!Jed)-nny great quantity of wall'r
extmcted h.y pll:np:-i would probably cause a II1nterinl dt'pl'l)::;::;ioll of the'
water table.

The olc"ation of the :"urf:1ce "'here the underllo\\' return:-: ill parI.
west of Phoenix, i~ about 20u foet lower than at :\lesl1. Shollid tll'
inflow cca:;c the :-illl'f:1ce uf underground water IIIUtit ("'entuillly 111\\ 1'1'

to tho IC\-c! 01' the point whcrc the water (' .... t·ape:5. It i:; tht' fric·tillil
due to pa."5~age through the :-:alld::; and gmn~l::; retarding" til(' lIow.
coupled with the sllppl.,· from the inflow. thaL nmintain ... the \\:11('1"
gmdicnt. ,rhen thi:-; Iml:lIIce is di .... turbcd, :l disturhance of tIll' walt-r
tablc must re:-:ult. The practical que.... tion i.'i:· How lIIuch 01':1 di"lllrl,
ance in thc way of }Jumping can he made and still h;l\'C watel" wilhiu
pumping distance ~

It is cddent that. other thing-:; ('qu:l!. an illcrca:-:e of warr!" ('nl('rill~

the ntlley will rai"l' .tbe W:lter table and a dt'("n'a~e will lowrr il; :111
incrc:l:-:c.d dmft at till' luwel' end of the. ":111('\'. wllf'ther I,,' P· ....l·:lIlt' ;1·

secpage or hy till-' dl'l1I:tlld of pUlllp.... will 'Iuwer thl' ,,-"atpr l:dd.·:
watcr withdrawn hy 1>llIllp.... at allY poillt in tl)(' ntllC'y will :111.·, I

thc water talllt,. p:lIti(·tdal'ly IH,low til(' plllllJlS and ill g"Pllt'r:d 11\ .·1

the whole ralley. hy di ... turhillg" til(' equilihrillill e:o,tllhli:-:hed ill unlltr.'.

.\ luwering- of
the past frw .1

operation (,I' I
the past few
:it present.

The lIndl'rli
('onsidel'cd :1'"

:Irailablc: a II
plant:; for :-:1'1'1

pumps run ('It

table. and pun
for econOIll i(· ,

Prouahh' II
water i:') to wi
I he gra \"l'\:-: ..:

replaced ill t i
,-alley fill a' ,
the extcn:;ilm
\.,,·hen the wall.

The \11"01'''1'
lIsua11}' a:;SUIlI.1

CIToneOll~ i t1

~cle('ted ::::izl' I'

the intcr:-:tin'
such material
No douht :-'11('

that place.< 111'

tine, and ,11"'11
loosely p,a'\il"

It is flirt h.'
dI'y much W:t. ,
tho nndcl'lIl'"
:Irri,"c at all
pumping ill tI
were mach' It\

'1uantit.,· of "
quantity WOIl

I

dr:lwll hy pUI
IlleaSH n:IIl"1l1

whorc tilt' 111:\1

held ~I;, :!:tll
Wa:-: tir:-:t :-: .. 1.-,
lIlaterial:-: til, ...,



PRACTICAL POROSITY.

.\ lowering of tltl.~ warcr tahle of :-c\'cral fct·t has takcn plft.t'c dUl'ing
the pa:o;t few ~·pal'~. Ilo\\' IllllCh of this lowering. if any. j::; duc to the
tl'ct':ltion of plllllp'-: and how i'tIItch to the ~cal'city of watcl' during
lhl' pa.-:t fcw ycar~. owing- to tho ::lCl.lnt minfalJ. is HO[ dctcrminable

II pl'c:o::ent.
The underflow. ('\"('11 lhough the "olum{' be great. should !lot he

rUl1sidered as il1cxll:lll~tiblC'. Therc is a Inrgc quantity of water.
:lrailable; :l quantity well worth the nccc:;:-.ary c:xpen~e· of pumping
plant-; fot' 1'iCClIl'ing- il. Rut it i~ fairly ccrtain thaL a large number of
pumps run contillllou:o;ly will caUSe a· permanent lowering' of the \\'atcr
table, and pumps e:-t:llJli.,hcd on high ground Illay nnd thc lift too great
ior economic opf'l'ation lifter a few ycars.

Pt:obahly the 1Il0~L s:lLisfact<?l'." way of utilizing the und('r~round
water is to withdmw 11.," pU1l1Jls no rnore than the normal liow. ICIl\'ing
the gra,"cb :"oatllratl~d :1:; a n~~cn'c to he lI:o:cd ill time..., of need and
replaccd in time:, uf plenty: in other \\'ol'd:o:, to IISC the wntcr in thl'

r:dlcy fill as <L rc~crrc supply rather thilll to e:xhall:o;t it quickly in
rhe cxtcn1'iioll of t'lIlti"ated lillld, with tile con~eq\lClll 10:'8 of property
when the water Ic,·cl falb beyond the re:lt'h of the pumps.

The proportion of \'oids g-i\'on for ,-ariolls diametcrs of S:lnd g'n\in:
H~llally a~sulll.CS:1 ('ompal':tti,"C'ly \lnifol'lll :o:ize of grain. It is obdou...,ly
('ITonC'OIlS ill hctel'og'cIlOU::i matcrials to Illake computations for f\ny
:::clccted size' 01' ('\"1m 1'01' nn a,"erage ~ize. The I'incl' l1Iaterial pad.;:::; into
the intcl'.-:tkc~ of the coai·sel'. It would lie cntirely possihlc tl.l lIa,-e
...uch material.... packed in ~llch it manner It., to hold "cry little water.
:\0 doubt such ca"c" occur in the miley HII. There i. olso no donht
that places ma.,' he fOlll~cl where coarse matcl'i~1 OCl'urs apart hom tho
Hnc, ~\nd abo wherc. :t1thOll~.dl coal'~C and fiuc exist tog-cthrr, tbey arc
loosely packf'C1 and allow n frcc pa.-:~agl" of watl'r,

It is fUl'thcnnol'f' o!J,'ious that sincc the ~allds call not bc pumped
dl'Y, Illuch watcl' mighL bC' held by thcm which is propcrl.,- a part of
the undcl'How. hut which i.... not antilablf' for pUlllpillg'. In ol'uor to
:Il'l'i,-c at an approximation of the quantity of watpl' an\ilahlc for
pumping in thl' lIIix('d gnl\'cl~ of thc ,·alley. a scrie:::: of mCll~llI'Clllcnt..
w('re made hy tilling a bl1 tTf' I wilh gra"rl lind ~and and m('a:"ul'ing the
quantit.,' of watC'r which ('ould be poured illto it. n~ .... uming- that this
ll":llltit.,· would he a fair lIlC:tsun' of the q1lantity that mig-ht he with·
drawn by pumping". III or<h"r to ohtain rL'pl'l':-cntath'e lIlatC'l'iaL the
lItC'a:O:lll'cl1ll'nt,... w('n' made at it Wl,,'lI Clt;-:L of Phol'lIix (G. ,,,. Smith·s).
when.' the Ilmh.~!,i:t1 L111'own frotll tlw w{'11 lie:, 1lIlcfi.-:turhed. The balTcl
lu~ld ..J-lt~ ~all(ll\'-: I1lr:l~ur('tl hy :1 :o;tillHbl'(l graduate. :-'Ul'11 IlHtlC'rial
was tll':;t sC'I("('1C'd :1:0; ...pclIlNl tll IH' :1 fail' :n'C'111g'C of lhr water-hearing
lltatcrials olJ::ocn'etl l'hroughout lht' ndlt'.'"- It was ....and. 1w\)IIIC':-o, and
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I'C the undCl'tlow returns ill p:!.rl.
lo\\'cl' than at .:\lc5a. ,slli)llid Ill'
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bowlders up to S inches in diameter. The ~:lnd w.-is slightly moi!-Jt
from n. :;:ho\\"('1' whi(·h fell tIl<' day hefore the measurements \\~('I'C

made. TIlt' 11l,1Icl"i;t1 \\'a...; (·:ll'et'tllJ.\· p:1t'kNl in the bal'rel i.. ol'dC'1' to
approximate as ncndy a:, po:-::-:ihle the natural conditioll:". \ratC't' WflFo:

then pOll red :-:Iowly into the lIIaterial \lntil the barrel was full. It.
was found that to! gallon:,; of \\'ater could he poured into the harl't'l.
representing 20..) pr'l' cent of tht' total :-:pace. Th('~c gnl\'cls might
easily be packed mQr(' clo:oIcl.'" in nature thall they werc in the experi.
ment, and the amoullt of watcr th;1f could Itp pumped 1'1'011I tlwllI.
Ip:1\'ing thelll dalllp :-:inc(' all lh('\ walC''!" ('ould not II(' withdrawn. would
bc ,olllcthillg Ic,,, than ~U per (,l'llt of the total hnlk.

For a ,,;cl'olld cxpcriP'llcnt a 1'lnl'c was :,e!c("[cd ,dlPrc onl,'r CO:lI'.":C

gnl\-cl and howldel's Ol"ClIITc:t1. \·tll'ying·in ",ize frqlll half an inth to."'i
inchc~ ill dialllet 'I". \rith thi~ matcl'ifll in the hal'l'cl. 16; gallol1ti of
watcr Wc,.e addl'd to till the h",.re!. or 35.$ pl'r eent of the total 'p"ce.
In thi.:s ease. a:-: in the fOl'lller 01lC'. thf' percentage of ,ooids in Ilature

would be sOlllething \(':-::0:. owing to tbl~ c1o....cl' r:1ckin~' of tile g'r:wcl:o:.
The actual quantity or waleI' anlilablc for pumping' in this c:l.:sc j.:s

something lc:-:s than 35 pCI' ('cnt of the Yolulllc.

Volume of lI'(lter contained ht IlfIIH[fl f/lld gr<trds £1.( dijreJ'eill jlorm:ify 85.feet der}).

[In ncrc.icct.j

I
Po~[tr··

Arcn in .

,Ierel:. I I I_115 per ccnl.l:!O per cetlt. ;:j per .'I:IlI. ::;0 per cent. :{.'j per ('('111'140 l)Cr cent

1-'
Salt River .•..• ~t3G, 000 I. 76-1. 000 2. 3-52. OOQ2, 9-10, 0003, 528. 000-1, llG, 000-1,70-1, ()()(l

Gila Ri,'er ", _ 22-1.000 J, 1iG, 000 I, ilGR, 000 I, !)(iO, 000 2, 3,')2. 000 2, i-l-l, 000,:1,130.000

Total, __ :lOO, 0001

1
'2, 9-10. 000 3. 920, 000 -I. !lOO, 000 5, 8S0, OOOlfl, 860, 000 i, 8-10, 000

I I I.

It is c\'ident that the estimated '-olumc of thc ,"O'C'TC pro\-iou,I.\·
stated n.~ -t 70-4-.000 :H.:re-fe{'t is milch greater tban the \'olul11c whit'h
could nctwdl.\' he withdrawn by pUlIlping, 1n order to h:.l\'c S01l1e
thing tangible' to l'on.... idcl'. the prC'('edillg'" tahle ha.. heen ';;0 prcpared
as to s-how the \'oltllllr:-: of wfltC'r contained in :1 gi,'cn "OllllllC of ~:llld

aDd grfl.\*cl wilh a:-::-:III1I<:'<1 poro:-,itie,..:. The al'Ca is cho.::icn to inrludr
only the land lWIH'ath whit·1I wal{'1' i~ ;jt1 f('el or IC::5~ helow the :-'Ilrfn<'l'.'

and whel'e l!Jr water h~\'ellllig-IH be 10\\'('1'('(1 ;1.; fe{,l alld :-:till be within
pUlllping di::-.lanc('. ~ilH'f' Ihrl'(' i:-, a hll'g'e ,ll'r;l !Jr,,'ond lhe 50-foot ('011

tOllr helleath whie-Ii W:ltf'1" OC('lll'" which i.. left out 01' :t('C:Otlflt. it i....
e\'idcnl tilt' \'0111111(,-; g-in'll ill thr tahll' arc ~Illallpr than the achml
qll:1ntit.\, within 1'(':\<:11.

Tbe qU:llltitalin'" e:-tilll:ltf'''' for (lila \·allf'y :1.r(' in~Pl't<;,d bec:l,lIsl' of
the clo~c :l~"ocintillll of Ill<' two ,'allp\'~,

IXI:,l

It i.':i pro'
\'01llme C1/1

where Ix:t\\
A pUlllp:

dated C,m,
I If O\;Orale

I ,,,,ter ]X'r .

I
, repalr~ Nt

'l1hout 3.'M
I rai5e lhe It<

I
I

as prc\'iol1
en ti r(' flo\"\.
that j t ,...,,, [
In ('ge llIea~

age W:11I:'I'-

suppl.\". if
tablc in [ill

thc :-le';1 ,

by Seep'";!'
water ta1·l,
an inflow I'

the w;ltrr

l1w.inwin t

regularly
dition~. '!t>

It i~ illli
of tbe '1'("
FCII" of lb.
occa::.i(l1l;tJ:
most ;l<:CU

water pan
the SlIII1I1!.



a For \'olumc,!'lcc tables 011 PI>, 1,0, 1,,1.

:\umbcr or I I
pumps of 3.000 '"f)lllmcoi under
acre-feN p('r itow ill 'lcrc·il.:<:t.

yearcfl.pllcity.
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30 HS,196

96 287,760

192 575,520

3S< 1,151,0·40

QUANTITY #)F WATER.

If ,; ,'olume of ullderflow of 287./00 acre-feet per ,,-car be accepted.
as pre\'iollsl.r ~lIggc..,tcd. it is evident that ~IG plllllpS wOlild lift the
entire flow, prQ\-idcd it could all be ~cclln'(l. 1t i;-; c,·idcllt. how(,'·I"r.
that it could not all he sf'clll'cd. A withdrawal of tlte ~llpply ill allY
large measure nlll .... t 10\\'1'1' the water table. sincc tlte e:-:C:lpc of till' seep
age waters below can not be prc,·cntcd. The witbdnlwal of the £Of:11
supply, if that .werc po:-,sihlc. woul-d cause a lowering of t!lr ,,":ltC'!'

table in tillle to tbe le"el of the outlet. it di"t"ncc of about 21)0 feet for
lhe )Ie::i:l region. Any dC'pL"c~sion or the water bhle dlle to the lo....s
by seepage at the lower end of the "nlley will in turn dcpr('~,'i the
water table ill the pUlllping rcgion. It is therefore cdd('nt rh:lt. with
an inflow of 2:-.7. j"tjO acre-reet pCI' year. 9lj PllIllP~ would SOOIl deprc~s

tile watcl" tabl(' u(\yolld C:lSY reach, In Ollter words. in ol'dcl' LO
Illaintain condition", :mch that the lllldcrflO\y may he pcrl1l;lIIc'lItly 1lnd
regularly uticflli. thc pump:; IIll1;.. t Iw limited. undcr aS~lllllcd con·
ditions, to a Ilumher notably les:-o than !)G,

It i~ illlpo~~ihl('at tIle pr('"cllt timc to gi"e Inorr th:lI,1 a rough c~timlltc

of the qualltily or walcl' IlOW hrlllg wilhdntwll from thc lIndel'fJow.
Few of the pUlllp." run <:onlilllloll:-Iy :nld there arc III:1ny that l'l1l1 onl.'·
('ccasiollaJly to ..cnlJ'e irl'lgation W:ll('l" whcll otllt'l" :-Ollrcc:s fail. ThC'
IIIO:5t accurate (·~t.il1latc pO:o':-ihlc at prc"cllt (.-;lII1IIllCr of 1!lll+) of t!lC'
water pumpNI is -LOOO lIlclw;-;. Thi~ ,1I110tlllt i~ pUlllped 0111.\' dUl'ill,~

lheSlIllI1lI r. ~hould the PItIIlP~ IIOW illoprratioll Gc run cOlitinUOll:-iI,"

It is probable' Ihat the praclil,.tl porosity-that iti, the pel'l'cntng-c of
rolume consisting of water actu:dl,'- In'ailablc for pumping-i:o: some
\rbere between 15 and 30 per eeut.

A pumping plant of :n'cl'age capacity_ such a~ tho~c of th(' Consoli·
tinted Callal Compall.L throwti a continllol!::' strcalll of about :?1I0 illcheti,
If oper'ated without stop. one pump would rai::;r 3,020 acre· feet of
IrateI' per year, But since thcre is alwa,ys' more or lesti stoppage for
rcpail"s~ etc., it j;-; :k.tilllll d. for cOII\-eniencc. thnt one pUl11p will rai~c

ahout 3,000 nel'e-feet pCI' Fa... The Ilulllbel' of plllnp, ,'cquil'ed to

raise the postiible "OllllllC of IInderflow are as follow::::

VALLEY. ["" I

PorosilY.

of thc I' setTC pl'(,"iotl,h
grcater than the "OlllIllC whi'!l
ping, In order to hfln~ .'0111"

ng tflhle ha~ been ~O pl"rp:1 r,'
illed in a gh'cll ,'olullle of ":Il1.j
The ul'cn is cho:5cll lO illt'ill'

fcet. or Ic~;-; helow 111l~ "111'1':1' '".

"c["ed 3,) fect ami ~till hi" "'itlt"
'gC' aren bryond the 511·1'001"011

,Ii i~ left Ollt of Htl:OllUt. it .~
(' tn-'C ;-;Illallcr thaI! t!J(' :It"lll:l:

- '. I I;) per CCtll.l,;o per cell t, 8.') per CCll t.! 10 Ill'r ,', "I

,9-10,000,3,528,000
1
-1,116,000,1. Tlll.l~H

,9GO,OOOZ,;~52,OOO2, iH.OOMl.l:i!i.hl'

,900,000'6, SSO, 00016, 860, 000 7, .solI\. J~.
, I ' I

l.. Thc :sand was sliglllly 111.. :-'
before the IIIC:HHlrelll('lIt~ ""I

acked in the barrC'1 ill ol'dl'l" ,
natural condition~, \r<lt!"I' \\ I

I until the barrel Was full. II

could he poured into th(\ "alT.. 1.
·tl space. The::ic' gl1txcl:; lIIi;!i.i
re than tbey weI'(' in thC' n:p"1

(.'ould he pumped 1'1'0111 I h"l1l

could not he withdmwll. wII1l1 ;
the tot:,t1 hulk,
was scleC'ted 'ivh re unl.{' ('liar"
gin 5ize frqm hnlf an illdl to ..
inl in thf' harrcl. lug· gnllon .. "I

35.S prl' ccnt of the tob11 ~I':tl'"

1(' percentagc of ,ooids in llalnr

10 closcl' p:lcking- of th g-ra'l'k
>Ic for pumping- in this ta,,,,' i.

,-olumc.
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withdr..l\,i·1I for yea!'s hcfon' the water table wa:; pCl'IlIancntly clrprcs:-cd
beyond the lilliit of lift. Jt .... reco\'cry: howcn~r. would he eqlmlly :.;Iow.
If the pUllIping' projl"ct is pu:-,hcd too far. it i:; ine\'itablc that the more
incflicicnt pUlllpin}! planl~. cspcl"ially lho:sl' on higher g-l'ollnd. 11I11:--t

be ahflndoncd. owing to illcl'c:1."illg' lift a..: the w:lter table i::i drprcs.":l'd.
1n lhi:s. a:-- in other \..::1":(':S of t'ompe~itioll.only the fittc::it can ~U1Ti\'c_

1£ it be ohj('l"tcd that till' a:--":;lIllled n·loeity of half a mile per year i:-:
too .:-:mall. alld that 1 IHill' or more per year i:? the rate. of 11I0q~IIH"IIt.

then the' \'0111111(' of lIow i:-: corrc:-:polldin.!!ly g-n':ltcr and the Ilulllbcr of
pos~iulc pumping- plant~ will I,r greatly incrc:l.::icd.

at the estimated mtr (+.cioo inchr') they \yo,dd ,,'pply about 5+.fJIIII

acre-feet of ""tll'l" pt'l" .'·car, or morc than one-third of the lUininllllll

estimated \'0111111(, of tilt' underflow.
If the re,;c'Te he eon,idrred a, a parL of the arailable suppl." f",.

pumping. :l much greater IllllllUCr of pUlIlpS might be operated for
some time hefore the water table was lowered beyond reach. Till'
pUllIping :Irca dC"':~'I"ihcd i:i about:)u mile::: in )cl1g-tll. At the a:;;slIlIlI'((

rate of underflo\\'. ",ater ente"ing- at the head of the ,""lie.)" abo"e ;\I~'a

would require ~cn:·llt.\··two year:; to mnl,;c the journey to the mouth of
tlJe Agua Fria. ~\l this rate of mo\"cmcnt watpr not only to till'

amount of the ill110W hllt :11:-:0 large' quantities of the rC~CITC might lip

FIG. ~1.-:llllfl of ~1I11 Hh'cr \'nlley, showing IOC'ution or I'umpillg' pllllll>l "c~ribt.·d.
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:J.l8 30 U.5 "152 23 II 2~9

" II 1 18,. 18 (') 1

29 "I
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'" '6 3 21

" I (') '".5 n

Fut.

ECONO)ffCS .

COST OF Pl")[PIXC: "·AT·ER.

1 » h Amount I
~nme. Kind of welt. Size. Totn ept to or lower· Totnlliit

----------------1.---1 depth. ~I~ •

Fut. F~(. Fcrt. &d.
1,305 '!3 19 44~lnrphr·),lcQ\lecn Drmed ....•

Consolidated CllUllt Co.:
~o.2 do...... P
~n. 3 , .............•1 do.... 11

rltller~C('(l1('qjGmpcCo do.... t

~"~~~,:~~':~O:k.':::::.:::::.:I.~~~:::::::::1 '~::: ~
':~'Q. li, Collin.; , 'I···· .dO'··'··1 60 by 100
~cl~n.(; ),IcIlwnlne do...... ,

J h lDO, . \
o n Hentoll Drilled I

SALT RIVER VALLEY.

Comparath'cly lillic ha:-: hecn known up to the prescllt time of the
;tdll!ll expcl1:-c of pumping water in ~nlt Hi"cr "allcy. The pumping
[(':;(5 described in tllC' tin~t chapter and SlImm;ll'izcd helow. deal with
l'onditions n:; they actually exi:-:t. In lIlo:;t CnSCR thesc conditions arc
far from ideal. Indced therc fi!'C few pUlllping planto: ill the nllley
which nrc ,,~orkill(O' with the ef:liciml(,\' thnl could rC:l:o:onnlJly be
l'xpectcd. Th('l'c t~l\'C been no cxpcl'illl~llts ulltil r~l'ently tC'lIding to
:-how thc mo::-t ('('onomical method of pumping watC'!'. nnd there is no
agreC'ment among' tho~(' using" pumped walel' ;t.": to wbnt-l.. ind of pump
or what power i;-; hr:-:t. 01' C\"t'tl how to l'Otlstl'tlct:l wclI in order that
it mny gi,'c the !w:-t pcrm:lIH'nt I'cf'ults. Jt 1:-: thought that the com·
putations of {:o:=:t of rai~illg watcl' at the \"fll'iou::i pumping plants just
as they cxL.,t wilh all their imperfection::; ma," be of ndue by way of
cOlllp:1l'isoll with g'uul'llntecd co~t. \\'hich is usually ba:;ed on ideal
rond i tion:-:.

I han:! eXI.:llIdcd .from the list ull compntation.':' except thosc which I
bfl.\"e rcason to helic,'c nrc c:-o:o:cntially cancel. In SOBlC ('flses certain
elements ""e douhtful: fot' exalllple. at the Collins well the exaet
:1.I1101l11t of wood u~C'd ,\'ns not obtnined. It should he stated also t.hat
the test runs upon which the tOl.npulations al'e Imscd were :-:hort, '·fll'.'"·
ing 1:1'0111 one to tllrC'o hout':i. The tigul'cs cOlT:Sequently show the rare
irrespecti,'c of stoppage for repair or for .Ot.hcl:.callsc.

In making the <:OlllPlIbtiotlS 1 barc included ill tbe cost of the al'l'C
foot illtere:-:t fit j' pCI' ccnt pCI' allnum on the inrestlllcnt. the Icg:d rntc
of interest ill Arizo11f1. and LO pCI' cent per anllUIll depreciation. tlie
time in eaeh l'H:--e heing the tillle required for pumping' l acrc-foot or
watcr. ~o alloWftllCC is made for stoppagcs. In each ('11:-:e the cxpen:;e
fol' oil und illl.'identnis i:i e:;timatcd at 5 cents pel' acre-foot.

Record.~ojpump;"!! Ji(f1nt.~ ill, 1ft R;"(I' I 'alley• . lri:ol1a, 011 u'hi('h pttmpill!/ (CS(811'ere made:

---~--

R.6t

, IOClilloll or pumping plllllts d~·K'rilH.~1.

1 par& of the 'lI"ai1aiJle '''1'1'11 '
of pttlllpS might be 0IWnll ..d f
wa:s lowercd h('yond !'t':l{'!I, '1
milcs ill 1(,l1gth. At tilt· a IIIII'

the head of tiJe miley a 100\· \1.
make thc jourlley to the 11111111" "I

1lI0,'cment watC'1' not 0111\· 10 II

quantities of the re~eITC' 1'lIi::hl I.

F :-,ALT HI'·F.H VAl.LEY. I .. I ~

...) thcy ,,'ould :-:upply ahout ,-, I.''''
re than one-third of thf'lIIillill lll '

. tablc W:lS p I'IlHlIlently dPI)I''''''''''!
',howC\'ct'. "'ould be C'qually ... IlI\\

) far, it is ine"itable thar lhe 1Il1l1'

.r tho::ic on higher ground. 1111:':
ft a$ the watcr tnblc is dl'pn· .....'
iOIl. olily thc fitte:-:t can :->llrri'·l·.
H·locity Qf half a ll1i~c pel' ,\1'ar

t' ycar is the mtc of Ino"t·1I11'rl~.

dingly grcatcr and th~ llulldwr'
tl)' inct'e:l::ied.
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2.88

1
3.87

I '::: I
2.801
2.69

3.80
1-1.;15

2.91
1.).1

1.93

3.038

~, Z!3

:!, :.>;3

5"
:!";5

G7;J

G:!

~O. 60 ~0.056 $0.012

.59 . ().j4 .0118
3.62 .058 I .0144

C f C .'.. . I CO!lt I·'r
O>-t (l i1ptH II~ CIJ~t rer lIetl' (••• r

wcllllll.1 ,Pl.'f uerc.fllOl. llet ['.,r
rUInI', IJlIllU\('. or 1If!..

$2.8-!

2.69
1-1.55

Present
cost I)o:r

llcrc·foot.

Kind of
pump.

-12.88

-12.88

~I. 5t

HO""po",J
COIl1>umed.
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UNDEHGHO\',n W.\TER~ OF :--ALT Hl\'ER \·;\LI."~Y.

•

• J!:iIC=lm :lild I
~rllrphr':\I('QllC('II" Centrifugal.

l
\\"00f1. , •••••.••.

con~;~~l~l.l~.~~~l.':~ ~~'.: __ 310...... t:,eelric .. 1 ~>l. OOJ

.\'0.3 .••.•. __ ...•......•......•....•.clo .•.••. _....110 _. 8.000

VallcySc<'tll~!I(;rnpcCo•....••.. _ •....<10 GIl"Olinc ...•...
Temre wllterw()rks Triplex..... 1-;IL'1;tric _. 3. ,00

T. J. Pllrry Dudel G:l.-.olinc._ ~

L. KuTl1..... . J'lungc L1orsc. ~

C I JS('lllll ~lJdIGOO. C. Collin>'........ entrlfllg~'l wood. :,500

Xelson ~\: )Idlll'llinc...... . ....do .. GllMline..·~,200
John Heaton _... ]'Iungt' :.do :JOO

"8

Namc.

Record.~ of }J.tl/lpillf} pial/I': it! iVllt Hi.'" "HlI.!" ~J,i=r.m(l, Oil 1rllich lH1II1}I;I'fJ 't:.~lx I'"d",

lIItU!e-Con t illllrd.

Consolidated C:lIlal Co,:

Xo.2 _.

XO.3 .••.... _..•••....

Tempe \\":ucr\\"ork~__ .
I

It ha.; hcen c.timatw] that <'Icctl'ic POWCI' can )cfurnishcd at a cost
not cxcecding 8.30 pcr horsrpowcl' pCI' yea)'. In thrce of the pllillp

illg plullts pn"'iou:sly de,,,cl'ibccl the hOI':;epowcl' consumed fit tIle
pumping station is ftCCIII':ltcly known. Since these throe U:';C electric
power, direct t'olnpal"i:-301l can be macle as in tile following table:

<J Cost rlO\l>' lIot lIlclude IlllcrC!'( ulld dcprl·chtIlOI1. If thll! be added, thc tOlll! CQst becolllcsnl>pro:(l.
matcly $2.97 I>cr ltt're'(OOI or Ii,S eCllI.i per (OOI per acre·foot.

Cost oj pumping 11';'" 1}u11'el' furni,1111'd at '7\;.')0 1W' "or,~epml'l'l' per year compared with,
pl'estnl cost.

The experiments upon which the:-:p costs arc ua:-:('d were pcrformed
by EngincL."l· P. E. Fuller. :lnd nrc thought to be "cry aCl'lII'Hte. FIJI"
inigation 'purpo:--e:-: thc lil"~t t,,,o arc 1JI0~t reliable. silH"c; the.,- :tn'
pmnping :-:tation:-- l':-:tabli~hed exerll:-:i"ely for ilTigation. );0 nllow
anee h:l.~ been mad(' fot' lo~s of time- for repail's. ,rith such :111

allo\Tal~ce the pric(" pel' foot pel" acre-fuot with power at 850 pt'!'
hOl'sepower I)er "ear will he :-:liO'hth' more than 1.2 cents. Owin}!• n •

i



COS'r. OF PUMPING IN OTHER REGIONS.

COST Il'\' ARIZONA. WISCOXRIX. AXD CALlFOHX!A,

RReport of irriglltiOIl ill\'estigstioDlI for 1901. ~O, 1: t:". S, Dept, Agric. Bull.1l9. 1902, p.~,

179COST OF 1'11:\11'17'0"0 \\' ATER,

(0 the careful and pain:,takillg l..'xpcl'illlcnt:-: of ~Ir. Fuller thi:, rate
call bt' :stated with cOIl;.;idpl'ai.Jlp confidence.
A~ })I'cyiolls!y :-:latrd. ll}('n' :tl'(' pl:l<':l':-:, for cxample ncnr Tempe,

where th~ 'yater table i~ Ip$,'" thall 10 f{'('t bcneath the :-:lIrfncc. Allow
ing a local deprcs:3ioll of 15 fcrt du(' to the netion of thc pUlIlp, or a
{utal lift of 21> fCCL. watcl' can h~ miocd for 30 ccnt" pct' aCl'c-foot. a
price much lowel' than the pt'c..;C'nt eost of canal waLcr,

Thc actual cost of canal water in ~ah Hi,-cr Yallcy at prcscnt is
~omcwh:lt difl:icult to c.-;tilYJale, owing to t!J(' manner in which watcl' is
~old, The price nominally IXlid i:o; much le::;:s thall tbe actU:ll ('o~t, for
thc quantity nomillall_'- paid for i, scidolll_rccci\·cd. It i" probable
that thc actual co::.:.t of eanal waleI' at thc pl'c:-:ent time i~ litt.le, if nny,
hclow 81 PCI' aCl'c-foot. \rilh a lift of G3 fcct. which has becn assumcd
:1:-: the pl'es.ent limit. :III l1Cl'c-foot of watrr would ('0:"( 78 cents. The
Con~olid:lted Callal Compan,'- find ... it pl'otitaulc to pUlllp water at a
co~t of 82,8,* pCI'. acre-foot while other::.:. arc pUlI1ping at a cost as high
:IS 83.87 per aCl'c:foot. At thc I'atc of I." ccnt~ pel' foot, watcl' could
bc raiscd with -profit fl'olll a dcpth much i(l'catcl' thnn G5 fcct, and
the pumpiug al'cn indicatcd in the Ill:lp (fig. 21) could be grcatly
extcnded.

It ",ill bc ill.':tl'l1(:Li,·c to comparc the cost of pUlllping watcl' in Salt
Hircl' Vallcy with thc cost a" dctcl'llliucd clscwhcl'c. Thc following
extract conta;ns :::OnlC datn which Illay be lIseful: a

---~----"""'---~' ~M _

The reports of former years and this report hm'(' ~i\"(m me3~cr returns from a few
pumping plants, ~ho\\'ing the (,'O~I of I'flh:ing w:tter. :'Ilr. Code' reports the details of
te!Hs made by him, ;lnll ~h'es as his l!clwr:ll conc-lu~ion that with wood nH4 per cord
water can be liited -15 f('('L for ~2.50 per :ll're·ioot, and that with power dcli\'cred to
the pump at ~ per hOl"8cpower per annmll w:tter (':m be lifted 45 ieet M a ('o~t of
£'1 per acre-foot. Both Ihcse estimat~ include the (·~t oi aLlClHlanec and a f;lir nlte
of interest on tilp ilwcstment.

Profess,:or King gi\'es the ('OSt of mi::in!; W:l1er in \\'iR'On~ill. _.\t :\Jadison water,
was mise<! 25 feet at a CO::L of $2.6.; per acre-foot, us:il1g' cool which cost ~) per tOil .

,\t Sten..ns Point water w:u:: rRis.erl 33 feet :H a ('ost of :33.3:? per acre·(oot, l~ing a
J.'3.~line engine, with ga~line at I UJS ('enlS per gallon.
Prof~80rChandler gin>s the cost of an acre·foot of pumped water in th(' Tule Ri"er

\'alleyat from S5 to S7.40, with a Iiit of i1 feel311d power co:o:ting S50 per horse.
power per annum.

The following table gives all Lhe data regarding the capacitie:: of \'ariOIlS kinds 3nd,
!'izes of pumps which have ~en included in all the hullelin~ pl1b1i~hed by this office:

I ,,' I.;,;

•

~::. :!, • ,
., g; 10,'

2.M

~.m 1.,1

:1..'0 .-
1·1....., II.'

2,91 .1'1
I.H '-..
I. !tl II.
2, , ... .1':1

~,"-'I . I.:

a.l'" .1,'

I~ I,,~l I"'r ,:,\~t l~:'
",·rt··f",,!. , .. f .••

,.fl,;·

. o.l)S, ,11111

\ PI'(' »('rforlw·,1
a,'('Ul'xtt', F."
.. illt'c the',\' :In' ~

Xo :t1II1\\
\\'ith sudl jill

8:,0 p.,r
Owin!.!

11 n'~llx,(,t'Il1'·;Ul'I.t'l'''1

l'Ili:·dH'd at :I ('lhl

'l' of thl' ]11l111p'

)Il:-:lIl11cd at I ill'

11'l'C II:-:C ('I,·ctl'i.·
,'iug tahle:



a '·ernon. John J .. And I~ter. Fnmci!l E., Pumping for irrigation (rom wells:~. )lex. Agric. f.;tp
SUI.. Bull. ~o, 45. 1903.

The prin ..
juel is 1'0'1"
Valley. I"
pensin~, "I ~.

California.
Bureau of :
It "ppea1''' i
tillate a~ JUI

foot, as eOIl

using distill
that with 1'"
than the <'-'
Year, the III

for crude oi
the Califun
allow3.nct' (
at least tl,,·

LEE.l

2\1. To. Irl'b1l"

J. \·incl'IH ...

J. S. Br:lIl,I,·r

John Il:trllr

J. H. )1:\1-:-11

Aug. G:ulir:t\·

L. C. JolJ,'.\·-

OwnN.

Van Wie._ ...

R. D. \\"00<1 ••

Kingsford. __ .

Bryon J ack,.()!

Fairbanks·:'\l'J·
;.26

8.80

6.60

7.70

6.60
17.60

16.•0

35. iO

44.00

4-1.00
.30i)

.504

.5!H

132.00

176.00

dcrej"et.

O.2li-l

I. 32

. 99

Cnpacilr I~'r
21 h!?ur.-.

IlNDER(TROUNO WA'1'F.R~ OF 1B.LT I':I\"ER VALLEY. l~o. 1::1\,

COST OF Pli)ll'I:S-G IS :\EW )lEXICO.

An instrncth·c ::erics of experiments has recently been rnndc at the
New ;\Iexico Agricultural Experiment titation "alculated to ,how thc
compamti,'c merit:; of se'·cra! makes of pump::. Tbe most ('eonolllil'
speed was dcternlined fOt· e;lc·h make of pump tested. and the CO:o't dr·
termincd per acre of irrigating- a inchcs dcep. u:;ing wood fol' fuel at
82.25 pCI' cord. In order that the table may corrcspond wilh tho,"p
pl'e,-i<)U:sly gi,·cn. the fig-nrC's ha\-c becn altcrcd to read in co:-:t per :1cn"
foot. Otherwi:-:e the figures art:: tho~e gin~n in the nlt'iotl~ tables iI.,·
Vernon and Lc:-,tcr. fl except thosc in the la~t column; there the <,0"[

is reduced to unit of lift.

2.5-inch l ..awrencc centrifugal .. E).horsepower ga80linc . ,I.. :~~ ..1

5-in~o~~~~1_~1~~~i.f~l~~~~ ~~ ~ ~ ~: . ~~~I~~~I~~,~~r. ~~~~i~_~::::: ::1...~...
5.5 by 8 inch triplex-acting do . __ . 125

pump.
S-inch centrifugal .. __ _.. __ •... •

Do ••• _.:•••. _••• • .

Do 19

Do .. •.• _.•..•..•••.... . . - --- - .....• - .

Do . .............•. _. 14

Do ........•..•.••...•...• IS-horsepower engine (burn- .
ing wood).

Do .....•. ........•..•.... ........•......... 18

S-!neh Krogh __ • . 32

lO·ineh eentrifug:ll . SO·horsepower engine......... 39

12-ineheentrifugal _ .. 23

I6-inch centrifugal _.•. __ . _ SO· horsepower Frick engine... 14,5

. I .. I I 'IS-Inc 1 centrllug;l .. ---- -- - ...• --- -.- - --- - _-. - - .. "1
20-ineh centrifugal 1 ••••• __ ••••••••• 15

D~ublc.Cylillder ~.~nch Plll~lP .. ~-horsepo\~ergasol~llc _- - ...• ···.'···1
Triplex pump, 0,<) by 8 llIeh i)-horsepower g:lsohne - - -•....... _

plungers. . !
Comp~:ltlnd rluplex pumping ISO·horsepower boiler _ .

engllle. _

Worthingtoncompollndduplex: ,._ ... do .... ...........•........
steam pumping engine.

180

______"_'rn_p_· 1 p_o,_,.•_'_. 1 Lilt

----- - ~-



-_.................... '. '.

ping for irrigation {rom wells:~. )!('x ..h:rj· II.

.. _.. _ , -... .. ..

36

15

25

20

45

Fed.

15

2'2

181

Total 11ft.Source of
!>upply.Kind of pump IbCd.l..ocation.

COST OF PU){PING W A~ER.

(I Fuel Is drr tornillo wood at E'2.'Ut per cord.

COST Ol:~ PU::\tPI~G 1':-; CALlFOn~IA.

Cost of plull]!ilJ[J at Sew J{r!xiCf) AgricuUural Exp,rimeut Stlltiull.(1

Owner.

~L 1'.lreland ..• Fowler.Ca1. Burton,-l·inch Pond .•..

J. \"incent. do Krwh.5-inch Wcll._ .•
. IJ. S. Brander do ..•......... Krogh. ··inch .

Juhn Hartly.... Fresno, C:ll .••. .. •• Rich'anb:oll, ,)·inch Well .

J. fl. :'\1:u"'Sh I.one ~tar. Cal..... Krogh, G-inch . _ _ do .

.\111;:. G:mfraw :-i:Hlg'cr, (':il .. _.....•.... cto •..••.••• ·•••·•• Slough ..
LV.JolleY

l
Del l{f'y,('al. :-:amp::oll,G.inch Pont!' .

CWt oj pumpillg in ralifomia.

[Data collected br W. It. Knox. uf the HUN:ttU or Soil" of the ()cptlrtll1cnt of Agriculturc.)

The principal expense of pumping is the fuel. nnd tbe great cost of
fuel is responsible for the high rate of co:st of pUlllping in Rnlt Rh'er
Valley. In order to compare this with the cost where fuel is inex
pensive, I give tho following ta1Jle of costs from pumping plants in
Californi". The dat" were furnished by ThOllla. H. ;\Ieans, of the
Bureau of Soil:;, ha"ing been collected b.,- his H:"sist:lnt, '\'. H. Knox.
It appears from these data thnt ",,,tel' is pumped with erude oil "nd dis·
tilfnte as fuel, at a minimulll co:,'t of less than 1 cent per foot per acre·
foot, as compal'ed with a minimum of S cents ill Salt H,i,'cl' Valley,
using distillate, and 5.,* cClIb, using electri'c'l)OWcr: it :tppcal'~, :11';0,
that with fuel at the prico paid in California, water ii' pumped cheflper
tbnl1 the estimated cost with electric power at S50 per hor:scpowcr per
year, the minilllul.l.1 heing 1.18 cents for elect.ric power and 0.8 cent
for crude oi l. [t :should ue stated, ho\\"e\·er. that allowance is made in
lhe Califomi" rate. for little be5ide. fuel. It is tboug-ht thflt due
allowance for interest, depreciation, ctc.. would bring the rate up to
at lea.t the estimated rate for electric. power.

\.&1::.1

- IPump run· I
nlng at m.o::.t ICOSllfit foot

Name of pump.
economic eo"l:i/ Lift. of I fl per
speed. In acre· oot.

I
acre-foot.

gallons per
minute.

-
I

Fl. ill.

ran "·ie.............• ··········:···· 600 $2.05 .- 10. $0.073_I

It D. \\'ood ........ -- .. -- ............ 600 2.59 25 ! .092

Kingsford .. -- ...... , ................. 82-! 2.39 34 5~ .069

Bryon Jackson .........•• - •.•........ 944 2.46

I
36 5! .067

Fairoo.nks·::Horse . .................... 524 2.41 35 5t I .069

I
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18
32
39
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.: .

....................... : .

•.•..•. •.• •.••••. •.••. 14

power engine (burn·· .
00(1).

r: IN ~F.W )lEXICO.

.................... : .

•••• _•• _ • ••• • • •• ••• ••• Ii)

power gn~olille .......•........ 1

power gnsoline .

cpower Fri\;k engine ...

llents has recently bccn IlI:Hh' :11 t
l .

mcnt Station calculated to ... !l0\\ t!;

.lke~ of pumps. The 1Il0:-t ('('IIIl"11

lke of pump tested. and th" ('\I~t

inches deep, using wood fill' fH'

he table may con'C'spond willi I..
becllultercd to rend in co ... ( PI'I":11 ~

tho:-:e gkel1 in the ,·arion .. l:dd' ..

'0 in the last cohuun: then' lit!',

f------I-
I Fret.

Wl'r (..P.t~line __ . _ .

pewcr gasoline ". 3U



Cust oj pumJlin~ dratlwy_' ll'aler at .lfe.1.·•. Eg!Jpt.

It may be of interest to kllow the co:.;t of well-estahlished pUllIping
plants abl"0acl .. Tholllas H, :Mc:1lls. of the Bureau of Soib. who is
falllili:n with il'l'igntiol1 operations ill EgSpt. hns kindly fUI'ni8bcd tbe
following information fol' this paper:

a )lcCll\ll"hh-.
190'2.

Tomatoe8 . _.. _.

StrawbcrriC's ...

)[elons _... _

Egyptian tOVU"1

Corn ..... - .. -

"'heat 80wn ill

Wheat sown ill

Wheat. SOWII ill

00 _ .

Pot.atoe:; _.

Do _

Do .

Record oj pr;II'·;I.

Having '':-.0,
to know what
Alfred J. ~lt(

bas puLli::h,,',1
(Table V I ..r
use of water:

1.l:J,;,}

Remarks.Cos-tof iuel
per hour.

f.I EStiDllltcd.

FuelllSt.-d.

SCason.

COST OE' PU:'llPIXG IK E(;)-P'r.

COi<t o/pulI/piny ill O:tI~fvrlli{I-<..:olliinued.

CaIMcily
in llcre
!c\'1 perr hour.

L1NDr~ROROU~O W.\TEns OF SALT RfYEJ:t VALLEY.

-~'-=----

OWller.

18~

(~"U. 0/:"'6.

:U. T. Ireland ... 0.115 Distillate ....
1

6 to 7.5 <.3
J. \·incent.. __ ._ .10 _....do ...... n ,.7 I Plant not ret r~l1'

latOO for best r~-

sults.
J. S. Brander __ . 11.75 Crucle oil. __ . 12.5 .8 Has Ix.-ell operating

I two years.
John Hnrlly ___ . . 207 Distillate .... 10 - 1.1 Distillate costs 10

I I cents per gulloll.

J. H. ~(ar3h _... .15 .....do .....• Slo i.5 2 12-horsepowcr en-

I
gine-cost oi fuel
thought to be un-
derrated.

Aug. Ganfraw ___ . :3 Cmde oil ...•

1

a10 .9
L. C. Jolley .... ': .< IDistillate _.'.• 11 1.8

I

IS95-96 ......•.....•.•..•......•........•••.....
1896-9,_. _._._ .. __ ... _............•......•....•.

189i-9S: ._ •• __ ••.. _•.•...••...•.••..••••. _.1

159S-9'J.·.......................•.........•...•..
1899-1900. _ _.......•..•.... __ .. _.

1900-1001 __ _.. _. _ .

EquipmcllL con;i.-t:" oi fin' Farcot flircet·:lI·tin~l:elltriill~:l1 plllllpS and LWf) -I~·ill,'h

cculriill,!!al:"1 wilh a tOI:t1 Ill:lxilllUlll cap:u.'ity Qi ),-100 l'uhic icd per ~ccQlId, Ihum:h
thc normal output j:: lIot inh'lIdcd to cXl'l'\.'11 1,125 ("uuil' icct per 8{."(;0Iltl; liit ahoul

10 il,:l't. This i:: Ollt' ui thl: bn!l"l pUlllpill~ plants in lIlt' world.
f.:~lilll(lied cu,~l '~f /1II111/1;IlY 1[/'I/;1/IIYI' md.-!" III A-tl:;:.~I,ihl. EY!/jJl.-El,IUipllIcnt l'1I11~i:"I":

(If two :·m-illl·h ecutri ill:!:!I,.: :l11l1 011\' 10-iIH.:h. rull by dirlol't·lOt,nnCl.:t(:11 t!1)llhlt;'l'X!':tIl:-illll
cngilll::"o Total t°:tp:tl'ity givt°u a.-: :-:S l'ultie it't...L pcr :"\'t'11I1I1: expcll:"l.'::! or plant al,,"lt
$20,000 per yL':tr, Ulaking I.:o.... t oi liiting ~l!)(IIH -I.S ..CUI": per acre-jOtlt PCI' fout II! liiL

Acre..f~t . l'riccof coal 'Cost pcr~crc.
pumped. I per lOll. foo~l~f/wt

----------,.-----1---I (.'rnU.

141, i50 ........•. 2,-11

175.800 _.. __ .. 2.:31

187.900 1.36

2"JOl SOO 56. It' 1.8i

16-1, <:30 S.39 2.57
25-51 960 . ,3 2. il)

I

I
. ,

,
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Wheat sown in moi",( 8oil .. 0.0 ~O\'. 26 :'oral'. 4 .\pr. 6 3 lot> 2.2

\\'Il~:\t ~QWII ill dry soiL _.. ... _ .. .••• <-10 Dec. S .... do 4 I 2,5 2.5

W!J{':n :':0\\"11 in moist ~oll .• . 6 Del; . 5 )lar. 5 Apr. 11 3 1.5 2. 1

00 ... ·._ ..... _.... .- .. .6 Jan. :l :'\far. ; ,·\pr. 14
1

3 1.5 :2. I

Potatoes ...... _..•...•••.. ; Jan. O. :\Iar. Ii :'\lay 10 4 l. i 2.4

Do ..................• i }"eh. I :'\Iar. :27 .... du ... :J 1.3 2.0

Do _.........••..••... ; Feb. 22 •... do . ... tlu f 3 I.~ 2.0... ...
TOIll:uoes .. _.............. .0 Feb. 14 Feb. 26 QCI. ~S :!.; :l. , 4.3

~tr:\wberries.__ ........... , Feb. 10 Feb. 1U Dec. 2ti 36 5.:> G.:l

)[e!on:: ................••• ; :'.Iar. U; ,:'lIar. 26 .lilly S i:? 2.6 3. :J

Egyptian l;OUOIl ........... :'\lar. 30 .\ pro II Ocr . 3 13

I
4.3 5.0

Corn ·····················1 .6 .\ 1I!!. 3 •\ Ug'. 9 Oct. ; I 5 1.5 2. [

1

")!cClalt'hlc, Alfred J .. Irri~:ni(JlI lit (he ,.tatioll fllrm, 1:'!)....... j'JOl; Ariz• •\gric. Exp. SIR. 8ull. ~O. ~I,

lOOl•

l~,cor" of }lrillCipal cro/,s !Jrou'lt Oil tlte jarlll of tlw .Ir;::ol/« En>erimellt • atiou dlfTiu9
/90/,

~tt.l

Haring l1scertaincd thr cost of procuring water hy puwping. it is wcU
III know what return ('an reasoll:lbly hu oxpected from it:; u~c. Prof.
.\Ifrcd J. ~IcCbtchi('.of the .\I"izolla, Agricultural Experiment ::)Latlbn,
h.t... pllbli.5hcd :l p:lpcr dC:lling- with thi:s prohlem. it The followillg table
,Table V I of ~LcClatcbic' paper) gi,·e. tbe return. realized frolll tbe

u:o-(' of water:
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UNDEH.GHOU:-OD WATEH$ of SALT HlYER VALLE\". (SJ. laC.18-1

----------------
Pou"d&.

Wheat sown in moi~t soil.. )Ja~' 22 2.150

\\'healsowil ill clr\' soil ....• __ .do "'1 1.850
"'heat sown in mOist sOil .• )Iay 2-1 2,120

Do................... )I"y 30 1,020
Potatoe::._ ·...•.... .do 3,200

00. .....•... ... )fay 25 3,600

Do '. .. . . . . .. )Iay 30 3,000

T {July 1- }I? '300omatoes __ . __ Dec. 9 -f

St · .,.•.' {APr. 15- 'I} - 000• rl\\\ucflle!:l._ •••••••• • July 15 t>,

~[elon, :{~~:::: If; }27,OOO

Egyptlllil cottOIl __ DCl:. H 400

Corn _._ ./ OCt:. 10 1,735 +

LOCA'l'IOX 0.1-' PC~II'IXG PLAXT::;.

From the inforJuution pre,-iollsly gi,-cn it appears that the bc::;t
places fOI" pUllIping plants nre in the region south of Telllpe where
water is but a few feet heneath the surface and 011 the lowlands along'
the rh-er in the Phoenix n:~ion. Cnfol'tunately the laneb upon which
pumped watel' would he 1ll0~t ll:5cful do not lie nt n lower elenltioll
than the areas \\-hel'e that wuter is UlO:;;t easily obtained. The ('Ie\':l
tion of the land to be iITi<rated therefore enters a..., all illlportant factor.
In order to 1I0w water o"cr a certain tmeL of land it frequently hap
PCIl:O; that plllllp:-i III list be placed Oil eOIllIXlrati\·cly high land bark 1'1'011I

the ri,-er. The farthf'l' a well i:- frolll the axis of the gm\'C) b,'d:-:-llol
neccss:lril.r coincieh'llt with the present ri\-cr's counm-the more likt'ly
it is to encoullter 1II1fa\'orahlp \,·onditioll:i.

The irregular distribution of lIlatcriai., in tI~c ndl(')' till gin':- I'i:-(' to
many anlloying :-lIl"pri~t'$ in cou:-:truding' wcll:-. Certain well~ han'
entirely failed w!Ir'n' l'n~I'.\· knowll ('ondition pl'omi:-:ed ,"'lIt('(':-. 011

the othl'r !laue!. w,,'I1 ... h:Ln' 1)('('11 :-ll<:(;e .....~ful in IO('alitics which g·ar\.' lit·
tle prollli...c. it. i ... oIH·iou..-ly illlpo:-:-:ihic to fol'\'s('(' ill 11I01'(' than :1 g't'li'
eml W:l.\· ,\·hat l·(lIldition.... :11'(' to lip Jl1l't with ill .. inkillg' w('lk TIll'
ligllrt·."i which folio\\" arl' dia~·':1·!:·~I'··l. :1It1 .... tratioll:-i t'~pl:tilJiIl~· ('oruli·



tioll:-: known to exist in Salt Hi\'cr ",Liley. In fig. 25 Ict ,\ and B rep.
r.' .. t'llt two wcll~ with tht' W:1tCI' sTanding' ill feet helow the $ul'facc in
""ell well. rbsullle (1) tllat the material. in ,,-hieh tbey arc put down
i... all w:ltel'-hcaJ'iJl~ gmn'l with ollc·third of lhe space ot:cupied by
\\":Ite r ; it is plain thcn that a Iowei'ing of 30 feet. for cxample, will
deld water represented h.,' olle-third of the ,pace ({ b I, f-the space in
i,ea,:)' linillg. (2) As,ullIc that I{ II" is impen'iolls clay and {{ I' f is
watcr bearing: then il lowcl'iug- of 30 fcet in either \yell would yield
water represented by olle-third of the space {( i I, .i-the shaded por
tion of K0, 2. (il) AS'lIll1e that I{ (J c is gral'el and the re,t clay; thell
:1 lowering' of 30 fect in wcll A will yield water repr~scnted by one-

third of the .-paee " b i. and well B will .,·ield nothing (:'\0. 3). (-lo)
.\sslilUe that d t>.r' is gl':l\'cl and the remainder clay: then well A will
ha\'c no W:1ter and well B, in lowcring 3U feet, will yield wutel' I'cpl'e
'ell ted by one-third of the "pate k j !< f (0) Assumc that I( (j e tl
i'i gl'~l\-el and the remainder day; then w~1l 13 will yield no \\-atel' and
\l'ell_-\ onl.,· so much a.= is repre;,ellted hy one-third of the space ({ ij k,
Hi) Assume that (( c t! d i:-: cl:l\- and the remaindcr OTtl\'el: then \\'ell .\,
inJowering 30 frrt. will yiclci WiltCI' repl'c~ellted I~\' olll:~·tbini of spal'C
It b /. wbile well 13 will yield watt'!' n'pl'e~entedhy one·third of the ... pace
l j It f; and the watcl''': l1I:ly dill'el' in quality a... wcll a~ quantity,

As a matter of application frolll lhe foregoing illustration:; it lIlay he
.;tated: (1) That a g'in-'n :-:ct of condition:; in ol1e locality will not nf'ce..:~
..al'ily be I'cpeatrd ill :1I10thl'I', althotlg-h thc h\'o lo<:alitif'S ~lre clo:-:e
log-cther; (~) th:lt fa\'t)l'ahll' conditions in Ol1e place' :l!'C lint to "e inter.
PI'f'tcd too f!'('rh', and. \'ic \·Cl':-::t. tbat unfa\'omble ('ollditions ill onc
plate Urc !lot to i)C con:-:idl'I'NIl'lltil'l'ly di.'iCouraging.
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RESmIE.

'Some of the more important facts and deductions presented in this
paper Illay be stnted a, follows:

1. Tbe geological formatioll:; which arc of most importance in and
near Salt Hh'cr Yalley fall natllrall.,- in three group.ti:

(..:1) Prc·Calllbrian rocks. consisting of Archean granites and pre.
Cambrian quartzites nlld argillites. ill which Salt Hi"er Valley was
originally formed.

(B) Extensi,'e hodies of el'llpti,-e rock associated with a limited
amount of mll:;:.;i,'c brecria. flpparently of Tertiar.\" age.

J([) Quaternary and rOCCllt formations. con:;bting- of. wfltCI'WOrll

bowiders, gn,,'el. ,<and, ciay, etc" which partly till the ancient miley,
and arc known as the \"OdIc)' till.

2. The ndlpy fill. at lea,t to a depth of sC\"ernl hnndred feet, is
regarded as Uphllld Ol' 1\U\'iatilc :H':CtllllUlation :lnd consil:its of-

(d) H,i,'er debris, cOlilposcd prillcipally of waterworll bowlders ami
gnu'e} of qU:ll'tzitc. quartz, chert. granite. etc.

(B) "ra:-:h 01' :lIlg"ulal' IJlalcrial drl'i\'cd frOll1 ncar-by hilbidc.'"
(0) ChcllliclIl precipitate;. of which caliche is the mo;t .importallt

from a gcolog-ic:d :-:talldpoint. The calk'be occurs ill more 01' Ic:;~

illlpcn'ious IllyCI'S thl'oughollt the nLlley fill. and sorre:-; ill mallY Cll::;CS
to confine the underground watCI' under morc or 10:'-:-; pressure.

3. The nllle.,- lill i~ not the result of a ~ing-Ic period of aggmdatioll.
Its acculIlulation is duc to :It lea .... t two periods of :1ggl'adation. pcrhap.s
morc, separated Ity a period of degradation.

4. The alternating' periods of aggradation and degradation in alt
Ri"el' Valley cOlTc:-opond with silllilal' periods in other parts of Arizona.
Definite correlation of Lhe :-1illlilar. hut widely :-:epan1tcd. dcpo:-oit:-: is
impo~:;iblc at the present time. but uniformity in character :lnd sue·
cession o'"cr wide area..., :-:ugg-cst.... uniformity of caU::ie.

5. The Catl::ie 'of (be :le~·t1llltdaLioll of upland dcpo.... it:-: and of till"
chan~('s fl'OIl1 c!cg'radatioHul Lo :l.!.::gradational cOlldition of stl'l':.llll:-: lllld
dee ,'crsa is rc~ard('d :h duc (1) to chauges in clcnltion of lhc bud.
and (2) to "'imatic chall!"e"

6, Salt Hi,'er \"alley i, a part of tbe wide aggraded plaill Iyin)!
SOlllhwc;-;t of the gTPat n.H1tinental pl:l.t(,~lU.. Brtwccn the plateau :weI
thc plain i:-: a IIloll11taiIlUu:-: arCa ill which faultillg' and local l'ru:-:l:l!
1ll0,"clIlcnb arc 1I11l1l('I'Ull.";, :-)Olllf' of tbctic 1I10"CIllCllts ha,'o prolJaiJly
afreeled Salt l{in~r \'alley,
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7. The isolated peaks twd mountain grol\p~ in :tnd nell!" t;alt Ui\'cr
,'alley J)I:l." he dlle in part to t1pthl'll~tof crt1tit block:-" but arc regarded

nl:lin1y (1:; reUlllllnt:-, of cro!;iotl.
S. The plain of which Salt Hi,'er Valle," is a part is due principally

(0 upland accunIll1:ltioll:;. til the pl'oce:;:-i of aCl'ulll11lation the lowcst
outlying hills werc buricd and the highcr ones. being only partly
hu riccI, arc nOW fOll nel I'i:.:i lIg ahrll ptly from. the Im'el plain,

\1. The \'alle." till is ,<aLurated with water. :wd the "'trious beds of
!!l1wcl are ~o illtilllHtcly C0I111cc-ted that the watcr risc;; to :l detinite

IC"cl fvrmin~ :t wC'lI·dcfilwd water tablc,
10. During" the early part of the acculllulation of the \":1l1ey fill Salt

I{i"cr joincd (iila Hin~r ca~t of ~alt l{i\'cr ~lulllltti'ins. fonlling in that
rCifion the bowlder hf'ds throuooh which the main course of the under
Ilo~,' now tind:-: it:-, wa,L blltat ailltel' :::l:~gc of thc accumulation the river
ch:lngcd to it~ }JI'C':-:rnt COIII';::C north of Salt Rh'cl' 1\lOllntains. forming
lhe uncementNI howlder bed:; of recent origin. in which the undcrl10w

occurs in the l)llOcnix reg-ion.
11, Thc llnclcl'\-rround waters arc del'i\'(:~cl mainl,· frolll ~alt Ri\'cl'

" '

and to a Icss cx-h'nt frolll the occa.:'=iotlal Hood,,; clltering- the rf\lIC'y frolll

tho surrounding hills.
12, The \":dle." lill of the Cllesa region. to ;l depth of o,'er ~OOfeet,

l'ollsists llJaillly of ri,"cr gl':l,-cl.-i with .•\ :'lIhordinate ftlllOll11t of tincr
Illatodal. -In the Phoenix reg-ion the ,"alley lill con~idt~ Illainly of Hne
material with :1 :-;ubordilHttc :\Il1ount of rin~r g'l'lt"cls, Thn river
g'l'arels of liw Phoenix rcg:ioll OcCUI' par:l!If'\ to the l"in~l'. and werc
deposited in a ~CCOl\dary ",tllcy. cut ill the tiner llIatCl'ial:s of thc.til'st

period of accullIulation.
13. The ,"alley till is mol'c 01' lc~~ impregnatcd with \':triou~ f'alt::;

deri,'cd frolll till' \Y:LtC'r~ of Salt Ri\'cr in fOl'llter ngt:ls and deposited

with tho dC'll'iIIlS.
U. The di,trihutioll 'of the I(n,,'el bed, alld the depth to the water

table are !-=ouch th:lt pltlllping- for irrigalion call probahly be curricd on

with I)l'olit on'r an :ll'f':l of :J:!j :-,qll:\re lIlilc:-:.
15, Althongb ...uUlt.' of tit ..' t1IKlergrotlnd w:lt('r:-, of the \':\Ilcy contain

:-alb in qWl'ntitics which III:\Y be h:trlllful to land undC'r n'l'tain (londi
lions. it is probahle that with proper manipulation all of the water:;

can bc safel,\' u ..ed,
Hi. The lllHlcrllow returns in part to the ~t1rf:lCC in tcrtain placc~ in

the y:dlcy. tll:lking:t ~\Irfal'(' t10w e~tiU1:ltcd:l:-' :-oLlwthing-o"cr lUO.OOO

acre· feet pel' year,
17. The princip:d w:tll'r-hc:\ring' horizon i:i ahout 1:1 lIIilc:o: wide in

thc .:\Ic~:t reg-ioll, alld .('xtCliUS to :1 ..h'pth of ,,"'CI' :?Oll fcrt.
18. The q\lantit:tti\'c C'~tim::ltc of thc 11lldcrHow. h:\..:ed 01\ ('xpC'ri

111cnt~, iJlclic:tlt·";:l '"0111111\' of no\\' of 1-t":::.l!lli to :?~7.7liO ,H'rc-fcct pCI'
Y(':lL At this rate :-olnt,tliing- 1c;:::-; tuall ~It; lJUllIplllg' 1'1:t1lt:-: of tile

187.R-Esu~rF:,
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188 UXDElwno XD WATEn~ OF SALT R!YEn VALLEY. Iso. ':<0.

average capacit.~ (200 inchcs) could be operated continuously and
ret."in the water lel'cl within pUlllping distance of the surface.

19. The rosen'c, or the quantity of water conttlinedin the ,"alley
fill at anyone time within pumping distance is very much grentel'
than the ,'olu!lle of flow. Conticrnlti,-e estimates place the "olulIle flf
the resen'C of :;alt Ri"cr Valley at frol11 2,500,000 to 4,000,000 ncrt..
feet.

20. The cost of pUllIping water in Salt. Hirer Valley varies from 5.-4
to 13.8 cent::; per acro-foot pCI' foot of lift. or a cost per acro-foot of
pumped water of frolll 82.50 to something like '35.

21. Since fuel is the great item of cost. tbe cost could be gremly
reduced hy the usc of clcctrical power, which might be furnished for
about S50 pcr horsepowcr pcr yenr. _-\.t this ratc the bes& pumpi,,!!
plant:; or SnIt HiveI' Valley l'tln raise W:ltcr at a cost of 1.:3 cents pCI'

nerc-foot pCI' foot of lift, 01' at nn a"cragc cost per acro-foot of pumped
wntel' of something like 7.:1 <.:cllk; for the pl'c:jont lift.

22. The nduc of an nCl'e-foot of wnter applicd to irri1;ation in Snit
River Vallcy I"lwics frolll ~3.65 to :356.+5.

23. Thc "olullle of undcrllow i, large, but lJO& inexhnustiblc b.l· thc
opemtion of pUlllpS. It is capable of extendcd dCl'eloplllcnt, hu& tl'ere
is danger that a greatcr dl':lft will be made upon it than is cOllsi:;tcnt
with the maintenance of the wuter 10\'01 within Pl'ficticubl'e IJulIlping'
distance.
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