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NOTICE

This report was prepared to document work
sponsored by the United States Government.
Neither the United States nor its agents,
the United States Department of Energy and
the United States Department of the Interior,
nor any Federal employees, nor any of their
contractors, subcontractors, or their
employees, makes any warranty, express or
implied, or assumes any legal liability or
responsibility for the accuracy, complete-
ness, or usefulness of any information,
apparatus, product or process disclosed, or
represents that its use would not infringe
privately owned rights.

Reference to a company or product name, or
the exclusion of others that may be operative
or suitable, does not imply approval, dis-
approval or recommendation of the product by
the Bureau of Geolcgy and Mineral Technology
or the U. S. Department of Energy and the
U. S. Department of the Interior.



Proven and potential geothermal resources are shown

by the outlined areas on the 1:1,000,000 map of Arizona.

The areas are numbered by county. They outline known hot

wells and springs and appropriate geologic setting.

Approximately 85% to 90% of the known geothermal occur-

rences are listed in the computer printout. All of the

areas except Greenlee 1 occur in sediment-filled basins.
oIsolated single occurrences of hot water (>30 C) are shown

on the map as dots.

The definitions of proved, potential and inferred

geothermal resources are:

Proven sites are (1) those which are in an advanced

stage of development or commercialization by a private

company or by government for specific applications, or

demonstrations, or (2) those which possess favorable quan-

titative data on the measured subsurface temperatures,

volume and water flows.

Potential sites are (1) those sites on which there is

exploration/development activity, or (2) sites possessing

some favorable quantitative subsurface data which has been

estimated or measured.

Inferred sites or areas are those identified by (1)

surface manifestations, such as wells or springs, (2) chem-

ical thermometry, or (3) proximity to potential or proven

sites.



oThe low temperature resources «90 C) are assessed

for depths less than 4,000 feet (1.2 km). Table (1)

contains pertinent information on the low temperature

geothermal resources. Drill hole data and gravity data

show that most sediment-filled structural basins in

southern Arizona are filled with from 2,000 feet (0.6 km)

to 4,000 feet (102 km) of clastic sediment and/or volcanics.

Therefore, the geothermal reservoirs in all areas are as-

umed to be in clastic sediment and/or volcanics with an

average specific yield or storage coefficient of 5%. This

is a conservative figure when compared with data presented

by Rantz, S. E., and _Eakin, T. E., 1971, on p. 76. The

data Table is reproduced below:

Specific yield
(percent)

Material

Gravel, sand and gravel and related
coarse gravelly deposits ----------------------- 25

Sand, medium- to coarse-grained,
loose, well-sorted ----------------------------- 25

Fine sand, tight sand, tight gravel
and related deposits --------------------------- 10

Silt, gravelly clay, sandy clay, sand-
stone, conglomerate and related deposits ------- 5
Clay and related very fine-grained deposits ---- 3

Crystalline bedrock (fresh) -------------------- 0

The specific yield or storage coefficient is defined

as the percent volume of water to total volume of reservoir

that would be obtained if the reservoir were pumped dry



without recharge. In all cases, the reservoirs are assumed

to be 1,000 feet (.3 km) thick at depths of 2,500 feet (.75

km) to 4,000 feet (1.2 km). Average reservoir temperatures

are estimated by chalcedony geothermometers unless otherwise

statedo The chalcedony geothermometer appears to be the

best for most low temperature reservoirs «90oC) (Arnorsson,

S., 1975). Chalcedony-predicted temperatures in Arizona

basins agree very well with temperatures predicted for the

assumed reservoir depths using the average temperature gra-

diento The average temperature gradient of Arizona basins

is about 40oC/km. This is a normal gradien! in an area with

high heat flow (80 m Wm-2) and low heat conductive rocks.

The heat content of the reservoirs is calculated using

the following formula:

!ll-o') (Hsr)f + (c:I ) (HSW} V (Tr-Tmat) = Qr
E .85) (Hst)( + (.15) (HSW]r V (Tr-Tma t) = Qr
E .85) ( .20) (2 .69) + (. 15) (1 TI .05 V (Tr-Tmat) = Qr
.03 V (Tr-Tmat) = Qr

f

= Porosity-.15 (15%)

= Average specific heat of rock-.20 cal/gmOC

= Average density of rock-2.69 gm/cm3

3 0= Specific heat of water-l cal/cm C

Hsr

Hsw

r = Average specific yield or storage coefficient-.05
(5%)

V = Volume of geothermalreservoir-cm3 x 1015

Tr = Average temperature of reservoir-oC

Tmat o= Mean annual temperature at the surface-17-2l C

Qr = Extractable heat energy from geothermal reservoir
calories-x 1015



The method is similar to the one used in U.S.G.S.

Circular 790 except that in these calculations no recharge

is assumed. This is because Arizona has an arid climate.

Since the heat is transported to the surface by water, it

is necessary to calculate the water volume which can be ob-

tained from the reservoir. Therefore, the storage coeffi-

cient or specific yield is used in the calculation. These

calculations quantify minimum extractable heat contents.

Artificial recharge through reinjection may be necessary

to prevent subsidence. Also, natural recharge from cooler

overlying aquifers is possible; consequently, additional

parameters, although not considered in these calculations,

may be added to account for the resulting increase in ex-

tractable heat.

Table 2 is a list of areas showing inferred inter-

mediate to high temperature (>90oC) reservoirs in Arizona.

Wells have not been drilled in these areas. The tempera-

tures, permeability and reservoir size are not known with

a great degree of accuracy. In many cases, the subsurface

temperatures are the best known quantity. Most of the data

on these areas are based on geothermometry, adjacent deep

well tests or on geologic structure as determined by geo-

physical methods like gravity surveys and available heat

flow or temperature gradient data. Until more is known of
3these areas, the reservoir volumes are assumed to be 2.5 km .

The U. S. Geological Survey WATSTORE water quality file pro-

vided a large portion of the data used in this assessment.
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Table 1 PROVEN AND POTENTIAL GEOTHERMAL RESERVOIRS LESS THAN 1.2 km DEPTH
0 Depth 15

2 3 Measured C TDS Calories x 10
County/Area (Feet) (Mg/1) TroC 0Area km Location Volume km Temperature Tr-Tmat C Q!:.

Green1es 1 61.9 T4S, R30E 18.6 30 - 67 Surface >8000 80 62 34.59
Greenlee 2 61.9 T5S, R30E 18.6 30 - 83 Surface <500 80 62 34.59

Graham 1 206.4 T6-7S, R26-28E 61.9 30 - 50 <1000 <1500 75 57 105.85
Graham 2 371.5 T7-9S, R24-26E 111.5 30 - 45 <2000 <5000 70 52 173.94
Graham 3 237.4 T4-6S, R23-25E 71.2 30 - 60 <3500 <1000 60 42 89.71
Graham 4 61.9 T10S, R28-29E 61.9 30 - 40 .<2000 <1000 60 42 77.99

Cochise 1 681.1 T12-15S, R28-31E 204.3 30 - 40 <1000 <500 60 42 257.42
Cochise 2 51.6 Tl3, R24-25E 15.5 30 - 50 <2500 <1500 60 43 19.99
Cochise 3 41.6 T12-l3S, R21E 12.4 30 - 50 Surface <500 60 44 16.37
Cochise 4 268.3 T14-15S, R24-25E 80.5 30 - 40 <1000 <1500 70 53 127.99

Pima 1 959.8 T12-17S, R12-15E 287.9 30 - 50 <2500 <1000 60 41 354.11
Pima 2 526.3 T12-15S, R10-11E 157.9 30 - 45 <2000 <1000 60 41 194.22
Pima 3 103.2 T17S, R3-5E 30.9 35 - 40 <700 <500 55 35 32.45
Pima 4 134.2 T19-20S, R31E 40.3 30 - 45 <1000 <500 65 44 53.20

Area 0 Method Source (See References)Geothermometry Temperature C
Greenlee 1 l30 - 180 Quartz Mixing model, Na-K-Ca/mg corr. 7
Greenlee 2 130 - 140 Quartz, Na-K-Ca 6

Graham 1 70 - 115 Quartz, Na-K-Ca 8
Graham 2 30 - 90 Quartz, Na-K-Ca 8
Graham 3 70 - 90 Chalcedony, Na-K-Ca 8
Graham 4 90 - 110 Quartz, Na-K-Ca 8

Cochise 1 60 - 85 Chalcedony, Na-K-Ca 6, 10
Cochise 2 60 - 70 Chalcedony 3, 10
Cochise 3 50 - 90 Quartz, Na-K-Ca 6
Cochise 4 80 - 110 Quartz, Na-K-Ca 3

Pima 1 50 - 65 Chalcedony, Na-K-Ca 9
Pima 2 30 - 60 Chalcedony 10
Pima 3 50 - 60 Chalcedony 10
Pima 4 50 - 80 Chalcedony 10

Tr - Average temperature of the reservoir Qr - Extractable heat content of the reservoir
Tmat - Surface mean annual temperature



Table 1 (cont.) PROVEN AND POTENTIAL GEOTHERMAL RESERVOIRS LESS THAN 1.2 km DEPTH

Measured °c Depth TDS
County/Area Area km2 Location Volume km3 Temperature (Feet) (mg/l) Tr-oC Tr-TmatOC

Pinal 1 423.1 T5-8S, R7-9E 126.9 30 - 45 <2500 <3000 55 35
Pinal 2 206.4 T8-10S, R16-18E 61. 9 30 - 45 <1000 <1000 60 40
Pinal 3 268.3 T8-9S, R6-8E 80.5 30 - 45 <2500 <.3000 55 35
Pinal 4 547.0 T4-7S, R2-4E 164.1 30 - 40 <.1500 - 55 35

Yuma 1 10.3 T8-9S, R19W 3.1 50 - 60 <50 <3000 60 39
Yuma 2 216.7 T7-8S, Rll-12W 65.0 30 - 40 <700 <.3000 65 44
Yuma 3 495.4 T4-6S, R10-12W 148.6 30 - 45 <1500 <3000 70 49
Yuma 4 278.6 T3-6N, R14-16W 83.6 30 - 45 <1500 <;2000 60 40
Yuma 5 412.8 T5-6N, R11W-13W 123.8 30 - 40 <1500 <.1000 50 30

Mohave 1 61. 9 T17N, R17W 18.6 30 - 35 - 1500 50 31
Qr Geothermometry

County/Area Caloriesx 1015 Temperature Method Source (See References)

Pinal 1 133.25 40 - 80 Chalcedony 10
Pinal 2 74.28 50 - 70 Chalcedony 10
Pinal 3 84.53 40 - 80 Chalcedony 10
Pinal 4 172.31 - Reservoir temp. estimated from gradient of 35-40oC/km

Yuma 1 3.63 60 - 70 Quartz 6
Yuma 2 85080 40 - 70 Chalcedony 2
Yuma 3 218.44 60 - 80 Chalcedony 10
yuma 4 100.32 40 - 70 Chalcedony 10
Yuma 5 111.42 30 - 40 Chalcedony 10

Mohave 1 17.30 40 - 50 Quartz 6
Tr - Average Temperature of the Reservoir
Tmat - Surface Mean Annual Temperature
Qr - Extractable Heat Content of the Reservoir



Table 1 (conto)

County/Area

Maricopa 1
Maricopa 2
Maricopa 3
Maricopa 4
Maricopa 5
Maricopa 6
Maricopa 7
Maricopa 8
Maricopa 9
Maricopa 10
Maricopa 11
Maricopa 12
Maricopa 13

PROVEN AND POTENTIAL GEOTHERMAL RESERVOIRS LESS THAN 1.2 km DEPTH

Area km2 Location

154.8
227.0
185.8
743.0
12308
275.4
165.1
495.4
247.7
608.9
24707
412.8
206.4

TiN, TIS, R6-7E
T2-3N, R3-5E
T2-3N, Rl-2E
Tl-4N, Rl-2W
TiN, TiS, R3-4W
Tl-2S, R5-6W
Tl-2N, R6-7W
TiS, Tl-2N, R8-10W
T4-6S, R7-9W
T2-7S, R3-6W
T2-3S, Rl-2W
T2-3S, R5-8E
T6-7N, R8-10W

Qr
County/Area Calories x 1015 Geothermometer

Temperature °c
Maricopa 1
Maricopa 2
Maricopa 3
Maricopa 4
Maricopa 5
Maricopa 6
Maricopa 7
Maricopa 8
Maricopa 9
Maricopa 10
Maricopa 11
Maricopa 12
Maricopa 13

55.68
81. 72
66.84

267.48
38.96
78.9
81. 68

200.61
89.16

219024
89.16

148.56
64.99

50 - 60
30 - 60
35 - 60
30 - 70
30 - 40
40 - 70
45 - 85
30 - 110
30 - 80
30 - 65
30 - 70
40 - 60
30 - 40

Volume km3 Measured °c Depth
Temperature (Feet)

46.4
68.1
55.7

222.9
37.1
52.6
49.5

14806
74.3

182.7
74.3

123.8
61.9

30 - 40
30 - 45
30 - 45
30 - 60
30 - 40
30 - 35
30 - 50
30 - 40
30 - 40
30 - 50
30 - 40
30 - 40
30 - 40

Method

Chalcedony
Chalcedony
Chalcedony
Chalcedony
Chalcedony
Chalcedony
Quartz, Na-K-Ca/mg
Chalcedony
Chalcedony
Chalcedony
Chalcedony
Chalcedony
Chalcedony

Tr - Average Temperature of the Reservoir
Tmat - Surface Mean Annual Temperature
Qr - Extractable Heat Content of the Reservoir

<.500
<1500
<2000
<:..2000
<.2000
<.1500

<.700
~OOO
"<.1000
",2000
<:.1500
<:.1000
~OOO

TDS
mg/l

"-1000
<.1500
<.1000
<5000
",,2000
<:.2000
<..1500
<.1500
<.3000
<..3000
",,2000
",,1000

500

Tr-oC

60
60
60
60
55
70
75
65
60
60
60
60
55

Tr-TmatOC

40
40
40
40
35
50
55
45
40
40
40
40
35

Source (See References)

10
10
10
10
10
10

corr.Jones,
10
10
10
10
10
10

pers., comn.



Table 2 INFERRED INTERMEDIATE TO HIGH TEMPERATURE (>90oC) GEOTHERMAL RESERVOIRS LESS THEN 2.5 km

Depth Volume Tr Inferences
Name County Location km km3 UC based on-
Clifton Hot Springs Greenlee T4S, R30E 2.0 2.5 170 1, 5
Eagle Creek Hot Springs Greenlee T4S, R28E 2.0 2.5 130 1, 5
Gillard Hot Springs Greenlee T4S, R30E 2.0 2.5 140 1, 5
Martinez Ranch Greenlee T3S, R31E 2.0 2.5 130 1, 5

Cactus Flat-Artesia Graham T7-9S, R26E 2.0 2.5 110 1, 3, 5
Buena Vista Graham T6-7S, R27-28E 2.0 2.5 120 1, 3, 5
Whitlock Mountains Area Graham T8-10S, R28-30E 2.0 2.5 110 1, 3, 5

San Simon Cochise T13-14S, R29-30E 2.0 2.5 120 2, 3, 5
Willcox Playa Cochise T14-15S, R24E 2.0 2.5 l10 1, 3, 5
San Bernadion Area Cochise T20-24S, R29, 31E 2.5 2.5 150 1, 3, 4, 5

Tucson Basin Pima T14-15S, R14-15E 2.5 2.5 130 2, 3, 5

Power Ranch Area Maricopa Tl-2S, R6E 2.5 2.5 130 2, 3, 5
Harquahala Plain Maricopa T1S, T1N-2N, R8-10W 2.5 2.5 110 1, 3, 5
Luke-Litchfield Maricopa Tl-4N, Rl-2W 2.0 2.5 110 3, 5
Hyder Area Maricopa T4-6S, R10-12W 2.0 2.5 110 1, 3, 4, 5

Alpine-Nutrioso Apache T5-7N, R30E 2.0 2.5 120 3, 4, 5
Verde Hot Springs Yavaipai T11N, R6E 2.0 2.5 130 1, 3, 5

(1) Geothermometry
(2) Deep well tests
(3) Geophysics/Heat flow
(4) Young Volcanism
(5) Structure

Tr - Average Reservoir Temperature
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