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Memorendum on geology and ground-water resources in the vicinity of
Oracle, Pinal County, Aris.

Lo A. H'm

IRTRODUCTION

Location, gurgge' and scope of investigation
= X

} The compunity of Oracle, Pinsl County, Ariz., lies on the north
slope of the Santa Cataline’ Nountuins, about LO miles by road north of
Tocson. It is reported that the population of Oracle has growmn from about
350 4n 1950 to about 800 in 195L. The increase is attributed partly to
prcudnity of the comunity to the newly developed San Manuel copper mine,
and partly to the attractiveness ot the ares for summer residence. There
e no public water supply, owing to the rugged. terrain and to the fact
that no water supply large enough to serve more than one or two familes
has yet been developed. '

In yespouse to requests from many residents of the area thit.moran-
¢un has bdesn prepered to summarise the available information in the rﬁes
of the Oncund-Veler—irench, United 8tates Qeological Survey,sbout the
geclogy and ground-water resources of the area. The data on which this
memorandum iz based vc;-e collected as a part of the continuing program in
eooperstion with the Arisona State Land Deparinent.

The Oracle area, as discussed in this report, eomprises parts of

Tpe. 9 and 10 B,, Rs. 15, 16, and 17 S., md includes about 125 squsare
wiles {fig. 1). o
Physiography and drainage

The Oracle area is situated at the north end of the S8ante Catalina
Nountains. The mountain area is in the form of a prominent ridge that



" passes through Rice Pesk, Apache Peak, and Orale Hill, st s graduslly
| docreuing ﬁtitud; frou abéut 7,000 to sbout 5,000 feet. The altitude
_at Oracle is about 4,500 feet. At the new tomn of S8an Manusl, about 8 miles - -
sast of Oracle, th ﬂtitnmt 1,000 feet lowsr. Oracle is near a
drainsge divide and- the land slopes bkath eastward toward the San Pedro River

and westward to/rum-d the Santa Crus River. All streams in the area are
intermittent, though in wet years portions of nome’ny flow the year around.

.e Climate
Precipitation at Oracle averages about 19 inches per year and has

Tanged from less than 15 to more than 30 inches per year. Precipitation

is divided evenly between the summer and winter "rainy periods” and, at

altitudes of 4,500 feet and higher, much of the winter precipitation cceurs

&8 snow.
¥ell-numbering systen .
*- = .

In this report the well-nusbering system iz based upon the divisicn
éf land areas into mceui;nly smaller quadrants, ar:d locations are to
the nearest 10 scres. With the intersection of the 0ils and Salt River
Base and Neridian ss a central point, the state is divided into quadrants
4, B, C, snd D, progressing counterclockwise from the northeast or A quad-
rant. The first figurs following the ;;uadra.nt letter algpiriaa the tomship,
the u;ond figure the ;‘nngc. The quadrant letter and township and range
figures are enclosed within ” mﬁnthn}'/%’. Section numders are given immedi-
ately following the parenthesis. RBach section is sgain divided into lettered
160-acre quadrants, btut for these quadrants lmahua letters are used.
Further subdivisicn into LiO-acre plots and finally into 10-scre plots is
achieved by the addition of two more lmﬁuc letters. Thus, by this
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eystes, & wll legally described as being in the WU} of the WW} of the KB}
'o?{.c. 16, T. 11 ¥., R. 12 ¥, would be designated as-(B-11-12)16abb.
‘ Rock sequence

e areajis complex and comprises rocks of nearly

=

a1l ages. Included are schists and granitic rocks of probable pre-Cembrian

sge, well-indurated Paleozoic and Mesosoic sedimentary rocks consisting of
’ ~ L LD
conglomerete, sandstons, ﬁtwe, and limestone, in part altered by ﬁep—-

A { .,4?

intrusions, and Teruar,yjﬁnumary alluvium, Stream beds contain thin /jw%' bl
. C . ke _(/

deposits of unconsolidated Quaternary sand and gravel that are still in :z»m;ZZ,,,ZA
: %

&

the process of dbeing trinapomd. p
e & wi 5

T Strueture

The geologic structure is dominated by tvofpz'g-ct of faulting (fig. 1).
The earlier brought the Palecaoic end Mesorzoic sedimentary rocks in contact
with the granitic rocks along a large fault trending west-northwest. The
©lder sedimentary rocks predominate southwsat of the fault,and only granitic
rocks are sxposed to the north and northeast. The rocks oﬁ both sides of
this fault have been broken intricately by smaller faults not shown on the
WP .

~ The later ujor_‘mtaen of faults bounds the Santa Catelina Nountains

on the west nnd-ncrtheast. Thess faults cannot everywhere be seen and are
in part inferred. The Santa Catalina Mountains were raised slong these
faults relsative to the valleys to the east and mt'nnd the present topo-
graphy is in a large measure a result of this 'truot‘nul‘ﬁmnt. %

Concurrently with the uplift of the Santa Cgtnlin; Wountains,

masses of dedris were washed dowmn into ﬂu lower flanking arsas. ZThese
o , .
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. alluvisl beds in genersl dip gently auy tx-au the bedroolf’ Movement along .. .
X ﬂn faults locally ceutmnod after the allwhl beds were dcpoaltod, nnd
thelr contact with the older rocks may be either depositional or fanltod.
. !ahr-be&rin chmoter of fmations
_Lgd.bx charactmnica of a rock depqn?' on {ts

bility, which m en the intercennsction of pore spaces and the sise

of copenings through shich ground water masy move. The water-bearing character-
istics of the granitic x%z;sdimmﬂry rocks are for the most part
controlled tg“n-.cmng,ﬂm-pv‘”ﬁ:t in limestone sclution charmels may

play & part. Fracturing in these rocks tends to lessen with depth becsuse

the .’mcreaslng weight of overburden diminishes the sisze and mumber of

»

fractures. Furthermore, the lower fractures become fill_ord with fine "%
material resulting from the weathering of the -everiying réck. The water- ZZqu

carrying oapacities of thess rocks are aull ‘Solution channels tn lime- ""’VI E

st e considerable quantities of waler but difﬁcult to
1oou‘be/, Movenent or u‘bar in the granitis rocks is ntrongly i uonced

6.
by dikes. ~The dikes &:t e oxt.onaivcly tmturcd tond ocalise tho

peCeh vt

Wofmndn nmnpdlythanthe B
M»‘- S-SR ¥ C(/r #A '1
granite and £ore imahlc zround-wa r movement., %mm have —{F

”
no apparent j.t:rlxuzm‘:’cc.1 Mery anceaufnl sa211 wells are located at favorable AM

dike intersections. It is gonerally accepted that little or no ground water 7&'&
can bs developed below depths of 300 fest in granitic rocks. .

| The water-carrylng capaoity of the alluvial £i11 varies oonsiderably

with the siss and norhing of the fragmental material. The presence of 7
hrgo quntitiu of nilt -nd chy or cmnt greatly reduon the permeability

of these rocks. ¥ovemant of ground water within t-be llluvhl beds is along

I S
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interstices betwesn fragzents and is concentrated along more permeabls beds.
A few walls obtain wmater from the unconsclidated sand and gravel along the

' ntx;en‘beda, and some have been drilled on the flanks of the area into the

thichr consclidated conglomerate beds. These deposits carry moderate amounts

of water. .
CROUND WATER

Scurce, occurrence, and movement
The ultimate souree ol ground water is precipitation. The largest
proportion of precipitation in the area is returned tc the atmosphere by

A rati Yy zpcratim. A much smaller proportion runs
:m%dmt sinks into the ground as recharge. Some ground
water ocours in all rocks in the area. .!oveuent of ground water is dom;/ww(u;
hill and in gensral conforms %o 3::0 s ' %ﬂpognphy. Water levels in
wells in the granitic rocks rnngeqfrom ess than 30 feet to about 125 feet,
and water levels in wells in the alluvium range from less than 40 feet to
ebout 700 feet.

Rechargs
Recharge to the ground-water reservolir in the Oracle area is

directly from precipitation and from surface runoff. Recharge from precip-
itation coccurs m-y i{nfiltration from snownelt during spring thaws.
$uch of the water in the granitic and clder sedimentary rocks in the srea
is recharged in this way, as demonatrated by reported fluctuations in the
flow of springs, Infiltraticn from surface runcff provides most of the
ground-water recharge to the alluvial deposits. On the besis of pu'tial

data from other ar harge constitutes to 5 percent he
annual procipiutie%. The smdunt of ground water/availubli e well is .
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_ affected by the recharge, the sise of the drainage basin, the thickness

of the saturated portion of the rock, and the permeability.
e - R -—m”ham S e e e

Discharge of ground water from the area ocours by mp%?rmpira-
tion, seepage, spring flow, and puspege. No dsta are aveilsble for this
area about the quantity of ground water diecharged by mp;’}mapiration
but, becauss the water tgblc m :z Places is shallow and the vegetative
cover is heavy, S8 % aecaunt for a large proportion of the total dis-
charge. An uninown smount of ground water is discharged from the granitic
and older sedimentary rocks by wmovement dowmnward along the hydraulie
gradient into the anaoé{:t alluvium,

Discharge by spring flow in the .!;raclo srea is relatively szall.
Springs issus from the granitic and older sedimentary rocke and along fault
sones (table 1). Springs in the granitic rocks have generslly been devel-
oped into small wells for domestic or livestock use. The discharge of all
the springs nuctuatroa seasonally and has been affected by tbe‘ current
drought. ~ ’

Discharge by pumpege is siwmost entirely from emall domestic or stock
wells (table 1). Wells in granits yield from less than 1 to about S gp=
(gallons per minute) a?d many wells become dry or decrease in yield during
dry seascns. ¥ith one exception, the wells in alluviua yleld from about 2
to about 15 gpm, bum have been tssted to their maximun capagities.
A deep well st San Manuel yielded abeut 70 gpm from a depth of about 500
feet for a period of nearly 2 years without diuinnticn at yield or notice-
able increase in pumping e, _ This nll has bun abandoned since the

develcprent uf a well field along the San Padro Rim.

6.
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' é : Rwordaaf-myatthenllsinthamamgimm}‘bhl.
3 " Records have not been made of all the walls within the community of

JERV I

o ptMsatien - - o

Orscle, but for the rest of the ares records have been ocllected for
practically all of the wells, ) o

Data are not availadle regarding the @tity of water withdrawn
from wells in Oracle. By making eertain assumpticns an approximation of
the water requiremsnts can be made. Using an estimated per ‘eapita consump-
tion of 100 gpd (gallons per day) m6nonths of thc»ynr and 200 gpd
during the remainder of the year, and using an estimsted population of 800,

current annual water requirements average about 120,000 épd, or about 85 gpm.
In &y seasms df the year, when the water u’eg‘:{n the local wells is st
& low stage, it has been necessary to haud nw by truck to Oracle,
Although the ares is known to have been in a drought period for several
years, the town has been growing rspidly, andl it is not possible to separate
the effect of the drought from the effect of inoreased demand for water.
Dufg‘gpnmt of limited guantities of gro;md water sufficient for
em211 domestic and stock supplies is possible in the grenitic area around
Oracle. Development of ground weter in the clder sedimentary rocks in the
area is uuluy limited. In both arsas a supplamentary source of water
is catchment and storage of precipitation in cisterns,-whiab isJeceidy

practieod.ﬂ) . o ’{ . .t

anw beyond the immediate suvirons Oracle include

development of turtaoo'i_-nnaff in the Oracle Ridge arsa I to 6 miles south
of Orscle, or developaent of ground water from the older alluvium. ' The
springs in the srea are now fully developed. The only alrmeadr-develeped—

- R - C -
= e ) N -
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& comparatively large water, in the ares is the sSupply for the
é%wmdmml,mnuomm&unmmmmvmnm
ggg et altitudes of about 2,500 fost. As the general €levation &t San Maruel
§ 3 v\} is about 3,500 fest, the water would have to bs 1ifted another 1,000 feet
§'\ Y and transperted sbout & xiles for a.nnryumze.
; QUALT?Y OF WATER _ -
X . \ : * o
?‘tﬁ\ The ground water in the Oracle srea is hard and contains moderate
() ~
R §5 smounta of dissolved solids (table 2). The waters from the older sedimen-
_LS‘ ‘ ,granitic, and slluvial rocks are giziler in chexicel content of dis-
& 3 ig:ﬂalvod solids. Concentrations of tetel dissclved sclids range froa about
X
: 3 250 to sbout 500 parts per millian, Hardness ranges from about 150 to
R
]
~x
o
¢
3
X
3
%3

'!LL.

about 400 par pc%llim; The fluoride content of the water from some
S
wells mooda the nint reccmmendsd in U, 8. Public Eealth Service Standards
&(19&6) which state that satisfestory drinking water should oontain less than
1.5 parts per million of flucrids. 4Some typical mmd—ntu- uulpea are

shom in e 2, Wff

N

—

 STMMARY
e anummmvdwuuwmmw :
quantities from shallow wells construsted in granitic, older codinentary,

: st ]

| and alluvisk-sooks,

| 2, 164itiona] liwited quantities in the granitic and plder sedimen-
tary rocks may be developed through detailed geologic investigation of the
relation of faults and dikes to ground-water movement,

| 3. Noderate quantitiss of weter are available in the older alluviua,
which in general has not been adequately tested. e _

k. Adequate quantitiss of ground water are developed alcog the San

B Pedro River and 1ifted to 8an n Kazsel, ot an altitude sbect 1,000 feet lower than

1 e - . o 7'-. . Lo



Oracle.

| 5. Burface water could be developed in soms of ths mountain aress
.___.whose gradients, drainags basin m)md geology asy bs laverable,-- R
6. mwwd&cpmdnwnm“hawumtc

. domestic and municipal use sccording to U, 8, Fublic Eealth Service Standards,

. gide
axcept where a 2 oontent {n- excess=gf 1.5 m1lien,
& A WZ‘@ 5{2 %@_’Ff«w& ¥ oy - .‘;5—.«., 0&76
AMA vC‘O , g‘ ¢ e v 1 ) X

Y
U, &, .. "
6, Public Health Service !ginld.ng water standards: Reprint

194 blic F
et o 5697, Public Health Reperte, vol. 61, no. 1, go. S-3.
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Figure 1.-- Map of Arizong showing ofed described in this report.
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