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KemorandoiB on geology and ground-water resources in the vicinity of_
Oracle, Final County, Ari*.

t. A* Helndl

XKTROIXTGTZCaf

Location, purpose, and scope of investigation-£ 3- -    £

The eoHsunity of Oracle, Final County, Aris., lies on the north 

slope of the Santa Catalina* Mountains, about iiO ailes by road north of 

Tucson. It is reported that the population of Oracle has grown froa about 

#0 in 1950 .to about 800 in 19&. The increase is attributed partly to 

proximity of the coonmnity to the newly developed San Manual copper sdne,
- - . _ »

and partly to the attractiveness of the area for susner residence* There 

le 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 faadles 

has yet been developed*

In response to requests from many residents of the area this memoran­ 

da* lias bean prepared to suanari»« the available information in the files 

of the^ft»cmd Watei* fe-anoh, United States Geological Survey/ about the

geology and ground-water resources of the area* The data on which this
*\ 

memorandum is based were collected as a part of the continuing program in

cooperation with the Aritona State Land Department.

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

Tpe« 9 and 10 3., Hs* 15, 16, and 1? S«, aad Includes about 125 square 

alias (fig. 1).

Rivsiegraplqr and drainage

The Oracle area Is situated at the north end of the Santa Catalina 

Mountains. The mountain area Is In the fora of a prominent ridge that



paaaas through Rice Peak, Apache Beak, and Oracle Hill, at a gradually 

decreasing altitude from about 7*000 to about 5,000 feet. The altitude 

at'Oracle is about It, £00 feet. At the new town of San Kanuel, about 8 ailea 

it of Oracle, the altitude i^abput 1,000 feet lower. Oracle is near a

drainage divide and- the land slopes be±b eastward toward the San Fedro River 

and westward toward the Santa Crus River. All streams in the area are 

intermittent, though in vet years portions of some say flow the year around.

Climate

Precipitation at Oracle averages about 19 inches per year and baa 

ranged fro* less than l£ to wore than >0 inches per year. Precipitation

is divided evenly between the suwaer and vinter "rainy periods* and, at
» 

altitudes of hj$00 feet and higher, much of the vinter precipitation occurs> "~~~-

as snow.

Well^rnaabering systea 
fc. s. T

In this report the well-numbering ays tern is based upon the division 

of land areas into successively smaller quadrants, and locations are to
IT

the nearest 10 acres. Vith the intersection of the Oila and Salt River 

Base and Brridian as a central point, the jitate is divided into quadrants 

A, B, C, and D, progressing counterclockwise from the northeast or A quad­ 

rant. The first figure foHoving the quadrant letter signifies the township, 

the second figure the range* The quadrant letter and township and range

flguree are enclosed within af parenthesis . Section nusjbers are given immedi­ 

ately following the parenthesis. Each section is again divided into lettered 

160-acre quadranta , but for these quadranta lowezy-eaee letters are used. 

further subdivision into ItO-aftre plots and finally into 10-acre plota ia 

achieved by the addition of two wore lowerTease letters, thus, by this

- 2-



system, a veil legally described as being in the JTW* of the H*£ of the RBj

«f /ec. 16, T» 11 »., R. 12 ff. would be designated t«r(B-ll-12)l6abb.

QBOLOOr -----....-..

Rock sequence

[is complex and comprises rocks of nearly
t

all ages* Included ere schists and granitic rocks of probable pre-Cambrian 

age., well-indurated Paleozoic and Mesoioic sedimentary rocks consisting of

eoogloaercfee* sandstone , eudstone, and limestone, in part altered by -lator
0,^4 ( 

intrusions, and TertiarwQua ternary alluvium, Stream beds contain thin
^ ' 

deposits cf onconsolidated Quaternary sand and gravel that are still in

the process of being transported*

"^~ Structure

The geologic structure is dominated by two/fages of faulting (fig* 1)« 

The earlier brought the Faleoioic end Mesozoic aediaentary rocka in contact 

with the granitic rocks along a large fault trending west-northwest. The 

older ssdiatentary rocks predominate southwest of the. fault. and only granitic 

rocks are exposed to the north and northeast. The rocka on both sides of 

this fault hare been broken Intricately by smaller faults not shown on the

The later major system of faults bounds the Santa Catalina Vountains"*

en the west and northeast* These faults cannot everywhere be seen and are 

in pert inferred* The Santa Catalina Mountains were raised along these 

faults relative to the valleys to the east and west and the present topo-
"v

grapfay is in a large measure a result of this structural mtnreaent.

Concurrently with the uplift of the Santa Catalina Vountains ̂ 

masses of debris were washed down into the lower flanking areas. These



-alluvial beds ifi general dip gently away from the bedrock/ Moment along
1 

the faults locally continued after the alluvial beds were deposited, and

their contact with the older rooks nay be either depositions! or faulted*

Tatar-bearing character of formations

the wster-^eajring characteristics of a rock depends7 on its permea­ 

bility* whleh^de^eads an the interconnection of pore spaces and the slse 

of openings through whieh ground water Bay move. Tbe water-bearing character­ 

istics of the granitic andfojder sedimentary rocks are for the moat part 

controlled \y traetoring, sxceptAthat in livestone solution channels may 

play a part* Fracturing in these rooks tends to lessen with depth because 

the increasing weight of overburden diminishes the site and number of 

fractures* 7arthersoref the lower fractures become filled ulthf ine

s&terial resulting froa the weathering of the cvarlylng rock. The water* 

carrying capacities of these rocks are small. 'Solution channels in lime- ^/ 

atone wiv .parry considerable quantities of wate.r but are difficult to

locate^ Moreaent of water in the granitic rocka is strongly influenced

granite and ̂ iav«i is^engeable barrjjirs .to ground-water movement, ^aan have

dikes. -Sfeft: dikes tfeftfc are extensively fractured tend^to Jocalise the tfaJt^S
%**** 

of ground water. j Others.disintagpe.%'e acre rapidly than the ^s^^
<&

no apparent influence. x Many successful soall wells are located at favorable
*

dike intersections* It is generally aooepted that little or no ground water (/ ' 

ean be developed below depths of 300 feet in granitic recks*

Tbe water-cariTing capacity of the alluvial fill varies considerably 

with the siM and sorting of the fragment*! material. The presence of 

large quantities of silt and clay or cement greatly reduces the peroeability 

of these rocks* Movement of ground water within the alluvial beds is along



inters tioes between fragaents and is concentrated along more permeable beds* 

A fev veils obtain water froB the unoonacli dated sand and grarel along the 

stream beds, and ao*e hare been drilled on the flanks of the area into the 

thicker consolidated conglomerate beds* These deposits carry moderate amounts 

cf water*

080310) WATSR
Source » occurrence, and aovement

The ultinate wooroe~6f ground water is precipitation* The largest 

proportion of precipitation in the area is returned to the ataosphere by 

iraldnand by evaporation* A amen smaller proportion runsevapo

*n wren lesser amount sinks into the ground as recharge* Some ground

water occurs in all rooks in the area* Koreaent of ground water is down9' 

hill and in general conforms to t£e surface^opography* Water levels in

wells in the granitic recks range from ess than 30 feet to about 12$ feet, 

and water lerels in wells in the alluvium range from less than 1(0 feet to 

about 700 fewt.

Recharge

Recharge to the ground-water reservoir in the Oracle area is 

directly from precipitation and froa surface runoff. Recharge fron precip­ 

itation occurs sainly as infiltration from snowmelt during spring thaws* 

feich of the water in the granitic and older sedimentary rocks in the area 

is recharged in this way, as deoonstrated by reported fluctuations in the 

flow of springs* Infiltration from surface runoff provide* aost of the 

ground-water recharge to the alluvial deposits* On the basis cf partial 

data fro* other areas, recharge eonstitati

annual precipitation,



affected by the recharge, the sis* of the drainage basin, the thickness 

of the saturated portion of the rock, and the permeability.

_.. _ ._. ... _..- .    ;~Discharge ~~~~ ~ ~ ---  - -   .  -

Discharge of ground water frta the area occurs by evapo^transpira-
JlS^f '

tlon, seepage, spring flow, and pumpeft* Ho data are available for this 

area about the quantity of ground water discharged by evapc4transpiration

but, because the water table in, naOT places is shallow and the vegetative

cover is heavy, IB. must account for a large proportion of the total dis­ 

charge* An unknown amount of grotmd water is discharged from the granitic 

and older sedimentary rocks ty wqreaent downward along the hydraulic

gradient into the adjacent alluvium.
.  

Discharge by spring flow in the Oracle area is relatively small. 

Springs issue f rom the granitic and older sedimentary rocks and along fault 

zones (table 1) . Springs in the granitic rocks hare generally been devel­ 

oped into small wells for domestic or livestock use* the discharge of all 

the springs fluctuates seasonally and has been affected by the current

drought* ^
-*~*# 

Discharge by pumpers is almost entirely from ss&ll domestic or stock

wells (table 1). Veils in granite yield trees less than 1 to about 5 gp& 

(gallons per almite) and «any wells become dry or decrease in yield during"4

dry seasons* Tith one exception, the wells in alluvium yield from about 2 

to about 15 gpoij but may not nave been tested to their aaxisua capacities*
^9

A deep well at San Vanuel yielded about 70 gpn froa a depth of about 500
* *

feet for a period of nearly 2 years without diminution of yield or notice­ 

able increase in pumping lift* This vail has been abandoned since the 

development of a well field along the San Psdro Hirer*



Utilisation

Records of s*ny of the wells in the area Are given in table 1*
r

V

Records have not been Bade of ell the wells within the ocoBunity of 

Oracle, but for the rest of the area lecoidi hare been collected for 

practically all of the wells#

Data are not available regarding the quantity of water withdrawn 

froa wells in Oracle. By aakiqg «ertaia asauMptioDs an approximation of 

the water requirements can be made. TJaing an estiaated per capita consump­ 

tion of 100 gpd (gallons per day) daring 6 months of the year and 200 gpd 

during the remainder of the yearf and using an estimated population of 800,

current annual water requirements, average about 120,000 gpd, or about 85 gpm*
JfautJ 

In dry seasons of the year, when the water Mde in the local wells is at

a loir stage, it has been necessary to haul water fcy truck to Oracle*
*

Although the area is known to have been in a drought period for several 

years, the town has been growing rapidly, and it is not possible to separate

the effect of the drought froa the effect of increased demand for water.

$ Bev^opoent of limited quantities of ground water sufficient for
* 

small domestic and stock supplies is possible in the granitic area around

Oracle. Development of {round water in the older sedimentary rocks in the 

area is sisdlarly limited. In both areas a supplementary source of water

is catchment and storage of precipitation in cisternsj'dMali 1a Tinrilly

 ^ __^* ̂ ^jt _ - _^_^^»   «   -   - P^ecwiceo* ^ ^    > jf>^ |^ j JLjKr^ *.^JP&4&t*>&£*3 <^>*T£>*&*~+&£& &j &^&**+**+~*7 
"Semraea ef^water beyond the ionediate environs pf Oracle include

' . ..* 
development of surface runoff in the Oracle Ridge area I* to 6 ailea south

of Oracle, or developnent of ground water from the older alluvium. The 

springs in the area are now fully developed. The only alyaafo develseed

\



^^L*44^jie^5^^0^lk^

large    aw efr watar^in tha area la tha aupply for tha 

town of San Ifenuel, which la obtained from walla along the San Pedro Hirer

at altitudes of about 2,500 feet. As the general alevatlcn at San ManualY " """ " """" "" " """ """ " "" ----------------- ---------

^ is about 3,500 feat, tha water would bars to be lifted another 1,000 feat

and transported about 6 miles for dalirerr to fiteele*

^e ground vater in the Crmcle area ia bard and contains »odarate 

aaounta of diaaolred aolids (table 2). tha water* from tha oldar aedia*n~ 

I o \ .' ^Hfiry, granitic, and alluvial rooks are siallar In <*hm1oal content of dia-
"^ ^ «»S>

Concentrations of tetei dissolred aolids range froa about 

to about 500 parts per Billion* Hardness ranges froa about 150 to

7 i ^ about 1*00 party per million* the flucride eontant of the water from 

j * ">-d ̂ *«H« exceeds the aa^dnt racoaaendad in U. 5« Public Bealth Serrioe Standards
I rv^sS^ (19U6) which at&te that aati*feetorj drinking water ahould contain lees than' '

1.5 parta per aillion of flnoride. ASo»e ^pieal ground-water analyaes ara 

8bown in table 2*/

1* Qrouad water in tha Ticini^r of C^aela is developed in Halted
>i 

Quantities from shallov wells eonatroBtad in granitic, older aedimentary^

and "\ 
2. Additional liaited quautitiee is the granitic and older »adi»en~

tazT* rooks msy be dereloped through detailed geologic ixnreatigation of tha 

relation of faults and dikes to grcumd-water »oraBant.

3« Vodarata quantities of water ara. available in tha older allxnrium, 

which in general baa not bean adequately tested.

It. Adequate quantities of ground water ara daraloped along tha San 

Pedro Hirer and lifted to San Manuel, at an altitude about 1,000 feet lower than



Oracle.

5. Surfaea water eould be dereloped in of the  contain

wliote gradients, drainage beein areae and geology aay be farcrablev

6. The quality «f the ground water in tha jcr*a ij Aatiafactory for 

doaaastio and Municipal uae according to V. 8, Ittblic Health Sarriee Standards, 

except where

iblic Health Sarriee jdrinking water atandardtt Reprint 
no* 2697> Public Health Reperte^ TtO. £>!, new



figure 1.--MOP
of Arizona showing oreo described this report
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