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INTRODUCTION

Since 1977 considerable work has been accompl ished in order to locate, understand and evaluate geother-
mal resources in the State of Arizona. Much of this work has been performed by Geothermal Project geo-
logists of the State of Arizona Bureau of Geology and Mineral Technology. Additional reports addressing
problems associated with geothermal development were produced by the Arizona Geothermal Commercial i-
zation Team of the Department of Chem ical Engineeri ng, University of Arizona. Th is bi bl iography references
all reports and maps generated by these two groups. In addition, to provide a more comprehensive listing of
geothermal energy in Arizona, all available "geothermal" papers from other sources have been included,
most of them written in the last few decades. Older reports dating back to 1867, on thermal waters and min-
erai springs of Arizona and the southwest U.S., also have been listed.

Papers authored by geologists of the Geothermal Project are primarily evaluations of the geothermal
potential of specific sites. Reports prepared by the Commercialization Team evaluate the potential for geo-
thermal-energy use in Arizona and cover legislative issues, financial feasibility, area development plans,
technical applications for space heating and cooling, and mining and agricultural needs.

Additional references have been incorporated into the bibliography because they provide background in
the technical disciplines that support geothermal-energy research in Arizona: geology, hydrology, geo-
physics and geochemistry. Certain of these publications highlight Arizona localities later explored for geo-
thermal resources; others propose geologic and geophysical models for the occurrence of thermal waters in
the deep, alluvium-filled basins of southern and western Arizona. Some papers use geologic, hydrologic and
geophysical data to define basin structures and alluvial stratigraphy, which control the occurrence, volume
and movement of thermal water. Geochemical studies of well and spring waters discuss water quality and
provide estimates of maximum water temperatures at depth. Publications on the thermal characteristics and
structure of the crust beneath both the Colorado Plateau and the Basin and Range physiographic provinces are
listed because they contain heat flow and thermal gradient data. Much of the regional geothermal data has
been summarized on two large-scale maps showing the resource potential of Arizona (References # 82 and
# 220).

Finally, selected references on general geology and hydrology have been included in this bibliography be-
cause they contain original data on temperatures of well, springs and water quality.

The various types of publications included in this bibliography have been annotated by symbols, shown
below under SYMBOL AND ABBREVIATION KEY.

Index headings under SUBJECTAND AREA INDEX group publications by subject and location. Although
many cross-references are included, it is advisable to check all possible categories for papers pertinent to
one's interests. Specific locations are listed by county (seemap preceding INDEX).

Federal fundi ng for the Geothermal Project of the Stateof Arizona Bureau of Geology and Mineral Technol-
ogy was provided by the U.S. Department of Energy, Division of Geothermal Energy, and the U.S. Depart-
ment of Interior, Bureau of Reclamation. The Arizona Geothermal Commercialization Team received fund-
ing from the U.S. Department of Energy, Division of Geothermal Energy, and project administration from the
Arizona Solar Energy Commission.

The author gratefully acknowledges Claudia Stone for her guidance and support of this compilation; james
C. Witcher and Larry A. Goldstone for suggesting many useful sources of information and providing critical
review; and Anne Candea and Rhonda Bitterli for editorial assistance. Sincere appreciation is extended to
Asalene Hill and Peggy jackson for competent typing, Bette Holt for cover design and illustrations, and joe
LaVoie for layout.



SYMBOL AND ABBREVIATION KEY

Symbols:
4. Bold numeral indicates report on open-file at, or produced in conjunction
with, the State of Arizona Bureau of Geology and Mineral Technology

(G) Geophysical study

(H) Report contains heat-flow and geothermal-gradient data

(0) Older publication, may contain incomplete or obsolete data

(T) Report contains some thermal well and spring data

Abbreviations:

AMS Army Map Service

HDR Hot dry rock

M.y. Million years

AVAILABILITY OF REPORTS AND MAPS

State of Arizona Bureau of Geology and Mineral Technology publications and open-file reports may be
obtained or reviewed at 845 N. Park Ave., Tucson, Arizona 85719 (602/626-2733).

Arizona theses and dissertations are shelved in the libraries at:

University of Arizona, Tucson 85721 (602/626-0111)

Arizona State University, Tempe 85281 (602/965-5081)

Northern Arizona University, Flagstaff 86001 (602/523-9011)

Current compilations of graduate theses on Arizona geology are available from the Arizona Geological
Society, P.O. Box 40952, Tucson, Arizona 85717 (Digests XII and XIII), and at the State of Arizona Bureau of
Geology and Mineral Technology.

U.S. Geological Survey (U.5.G.5.) publications may be obtained at the following addresses:

Superintendent of Documents, U.S. Government Printing Office,
Washington, DC 20402 (texts)

U.S.G.S., Western Distribution Branch, Box 25286, Federal Center,
Denver, CO 80225 (maps)

U.5.G.5., Western Distribution Branch, Open-file Services Section,
Box 25425, Federal Center, Denver, CO 80225 (open-file reports)

Other government documents may be obtained from the National Technical Information Service, U.S.
Department of Commerce, Springfield, VA 22161 .
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AREA/SUBJECT INDEX

AGRICULTURAL UTILIZATION OF GEOTHERMAL ENERGY

APACHE COUNTY
Area assessmentstudies

Four Corners area
Springervi lie-AI pi ne

Ground-water studies; data
Navajo Indian Reservation
Concho, St. Johns, White Mountains
Puerco-Zuni area

AREA ASSESSMENTSFOR GEOTHERMAL ENERGY
Arizona, general

Aquarius Mountains
Avra valley
Big Sandy valley
Castle Hot Springs
CI ifton area
Harquahala- Tonopah
Hyder area
Kingman-Williams
Northern Arizona
Northern Hassayampa area
Papago Indian Reservation
Safford-San Simon
Salt River valley (western)
SanFrancisco volcanic field
SanPedro River valley
Scottsdale
Springervi lie-AI pi ne
Tonopah basin
Tucson basin
Verde valley
Willcox basin
Williams Air Force Base
Yuma area

BASIN AND RANGE PROVINCE (seealso appropriate counties)
Crustal properties
Energy potential

CASTLEHOT SPRINGS

CLIFTON

COCHISE COUNTY
Area assessmentstudies

San Pedro valley
Willcox basin

Ground-water studies; data
Douglas basin
SanSimon basin
Willcox basin

Resource development plan

17

9,10

194
178,180,181,224

51,99, 115
87
119

24,31,55,64,65,81,82,83,84,
85,91,108,128,131,183,189,190,
191,195,201,202,217,220,223
72,200
38
39
157,166
208,213,218,219
42,95
94
71
44,194
175,182
174,179
168,210,214
90
73,117,222
80
176
178,180,181
42,95
211,215
79,151
212
66
46,173

45,70,103,136,148,167
31,131,201
36,157,158,165,166
208,213,218,219

78
212

43
52,161,204,205,207
28
14



COCONINO COUNTY
Area assessmentstudies

San Francisco volcanicfield

COLORADO PLATEAU (seealso apppropriate counties)
Crustal properties
Energy potential

COMMERCIAL APPLICATIONS OF GEOTHERMAL ENERGY
Agricu IturaI
Heati ng and cool ing
Miningand industrial
Power generation
Research

73,117,222

37,70,92,97,147,177,181
44,131,194,201

DESALINATION OF GEOTHERMAL WATER

DEVELOPMENT, seeGeothermal Resource, Development

ENVIRONMENTAL IMPACT OF GEOTHERMAL RESOURCE
DEVELOPMENT

Water resources
Land-use planning
Radioactivity of thermal water

EXPLORATION METHODS (seealso individual surveys, e.g.
Geophysical Surveys)

Geophysics
Geochemistry
Geohydrology
Lineaments

9,10
6,7,8,29,66,93,118,140,216
4,5,11
12
31,122,202
191,192

20,34,170,191,192
137,138,139,140
133

GEOCHEMICAL MODELS OF GEOTHERMAL SYSTEMS

1,63,91,160,186
123,132
92
105,106,107
125,157,158,166,168,179,208,
210,211

GEOCHEMICAL SURVEYS
Soil mercury
Water chemistry

38,175,182,210
46,53,127,144,151,157,158,166
168,178,179,182,208,210,212

GEOHYDROLOGY, see Ground Water

GEOLOGIC MODELS
Basin and Range
Colorado Plateau

80,84,98,116,132,189,223
84,171,177

GEOLOGY
Aquarius Mountains area
Avra valley
Castle Dome Mountains
Castle Hot Springs
Clifton area
Douglas basin
Northern Hassayampa area
Safford-San Simon basin
San Francisco volcanic field
Silver Bell mining district
Springervi lie-AI pine
Tucson basin
Willcox basin

72,200
38
77
157,165
48,208
43
164,175
210
3,26, 111, 171
57
178
211
212

18



GEOPHYSICAL MODELS
Crustal structure
Depth to bedrock
Regional thermal characteristics

GEOPHYSICAL SURVEYS (see also Heat Flow)
Arizona, general

Eastern Arizona
Northern Hassayampa area
Regional
Safford valley
San Francisco volcanic field
Spri ngervi lie-AI pi ne
Tonopah basin
Tucson basin
West-central Arizona

GEOTHERMAL COOLING, see Geothermal Space Heating and Cooling

GEOTHERMAL-GRADIENT STUDIES (see also Area Assessments)
Basin and Range Province, general
Colorado Plateau, general
Regional
San Manuel district
Tucson basin
Yuma area

GEOTHERMAL HEATING, see Geothermal Space Heating
and Cooling

GEOTHERMAL RESOURCE, AREAL ASSESSMENTS, see
Area Assessments for Geothermal Energy

GEOTHERMAL RESOURCE, DEVELOPMENT
Arizona, general
Chandler
Land-use planning
Legal aspects
Plans for, by county
Plans for Scottsdale
Technology assessment
Water resources

GEOTHERMAL RESOURCE, ECONOMIC ANALYSIS

GEOTHERMAL RESOURCE, LEGAL ASPECTS

GEOTHERMAL RESOURCE, LOW- TO-MODERATE TEMPERATURE
Geologic model, Arizona
Heati ng and cool ing capabi Iities
Maps, Arizona

GEOTHERMAL SPACE HEATING AND COOLING

GEOTHERMOMETRY (See also Area Assessments)

19

70,97,167
136
33,37,103,104,147,148,152,163
171,177,199,219

2,91, lOS,112,113,136,159,160,
162,163,191
70, 148
175
155,156
145
171
178,224
42
221
154,167

33,45,67,68,84
37,84,147
81,102,220
110
125,186
134

76,85,122
29
137,138,139,140
75,118,169
13,14,15,16,17,18,19,202,
139,140
203
20,34,108,169,170,191,192

64,74,93

80
8,216
81,220

6,7,8,29,31,66,93,118,140,
191,216
46,53,116,151,157,158,166,187
188,189,190



GILLARD HOT SPRINGS

GRAHAM COUNTY
Area assessmentstudies

Safford-San Simon
Ground-water studies; data

SanSimon basin
Indian Hot Springs
Resource development plan

GREENLEECOUNTY
Area assessmentstudies

Clifton
Lower SanFrancisco River

Gillard Hot Springs
Resource development plan

GROUND WATER (Many of these publications contain thermal
well and spring data.)

Basic data compi lations
Avra and Altar valleys
Black Canyon-Hoover Dam area
Coconino County (southern)
Concho, St. Johns, White Mountains
Municipal data listings
Navajo and Hopi Indian Reservations
Papago Indian Reservation
Pinal County (western)
Puerco-Zuni area
Regional data listings
Salt River valley (western)
SanSimon basin
State-wide data listings

Tucson basin-Santa Cruz valley
Willcox basin

Hydrologic reports
Big Sandy valley
Douglas basin
Gila Bend basin
Gila River basin
Lower Hassayampa area
Navajo County (southern)
Needles area
Papago Indian Reservation
Paradisevalley
Parker-Blythe-Cibola area
Pinal County (western)
SanPedro River valley
SanSimon valley
Tucson basin-Santa Cruz valley
Waterman Wash area
Willcox basin
Yuma area

20

193,208

145,168,210,214

101,204,205,207
100,210
18

48,58,208,213,218,219
48,208
193,208
18

206
116
114
87
40,41
51,99, 115
88,89
86
119
30,59,196,198
96
204,205
23,25,81,121,143,196,197,
209,220
146
28

50
43
185
60,70,150
184
120
126
88
27
127
86
149
52,101,161,207
124,146
54
28
135



HEAT FLOW
Arizona, general
Basin and Range province
Colorado Plateau
Southwestern U.S.
United States,general

HEAT PUMPS

HEAT SOURCE

HOT DRY ROCK, AREASEXPLORED FOR
Aquarius Mountains
Castle Dome Mountains
General
SanFrancisco volcanic field

HOT SPRINGS
Arizona, general
Castle Hot Springs
Gillard Hot Springs
Hydrogeochemistry
Indian Hot Springs
United States

HOT SPRINGS, EARLYRESEARCH
Arizona, general
Listings for the U.S.

Southwest U.S.

HYDROLOGIC REPORTS,seeGround water

HYDROLOGY OF AREASEXPLORED FOR GEOTHERMAL ENERGY
(seealso Area Assessmentsfor Geothermal Energy)

Basin and Range province
BigSandyvalley
Harquahala- Tonopah area
Hyderarea
Verde valley

HYDROTHERMAL DEPOSITSASSOCIATED WITH FOSSIL
GEOTHERMAL SYSTEMS

INDIAN HOT SPRINGS

KGRAs (KNOWN GEOTHERMAL RESOURCEAREAS)
Federal: Clifton, Gillard
State

LAND-USE PLANNING

LEGALASPECTSOF GEOTHERMAL RESOURCES,see
Geothermal Resource, Legal Aspects

Arizona state laws
Development in Arizona
Water law

LINEAMENTS

LOW- TEMPERATUREGEOTHERMAL RESOURCES,seeGeothermal
Resource, Low-to-Moderate Temperature

21

81,162,163,190,220
33,103,148,154,179,189,218,219
97,147,148,177,181
155,199
104,152,153,156

8
3,26,80,103,111

72,200
77
73
73,222

61,116,209
36,157,158,165,166
193,208
59,116,121,191
100,210
30,198

35,36,58,100,150
47,49,62,129,130,141,142,172
69, 109

223
39
42,95
94
79,151

32,57, 110, 164
100,210

193,213,219
55,81,217
137,138,139,140

21,22
75,118
169
105,106,107



MAPS
Arizona

Aeromagnetic
Geothermal resources
Gravity
Subsurface temperatures
Volcanic centers

Clifton geology
United States

Geothermal gradient
Geothermal resources
Heat flow
Thermal springs locations

Verde valley geothermal resource

MARICOPA COUNTY
Area assessmentstudies

Chandler
Harquahala- Tonopah
Hyder area
Northern Hassayampa area
Phoenix area
Williams Air Force Base

Ground-water studies; data
Gila Bend basin
Lower Hassayampa area
Phoenix area
Salt River valley
Waterman Wash

-Resource development plans

MINERAL INDUSTRY, UTILIZATION OF GEOTHERMAL RESOURCES

MOHAVE COUNTY
Area assessmentstud ies

Aquarius Mountains
Big Sandy valley
Kingman- Wi IIiams

NAVAJO COU NTY (seealso Colorado Plateau)
Area assessmentstudies
Ground-water studies; data
Resource development plan

PIMACOUNTY
Area assessmentstudies
Ground-water studies; data

Resource development plan

PINALCOUNTY
Area assessmentstudies
Ground-water studies; data
Resource development plan

POWER GENERATION

SAN FRANCISCO VOLCAN IC FIELD

22

159
81,131,220
2,112,113
45
3,81,111
48,208

102
131
156
30
151

29,66
42,95
94
164,175,182
6,40,139,140,176
66

185
184
27
96
54
16,139,140
4,5

72,200
39
71

44,194
51,87,99,115,119,120
15

7,38,78,174,179,211
41,88,89,124,125,146,149,
186,206
17

53
54,86
19
12
26,73,117,171,222



SANTA CRUZ cauNTY
Resource development plan

STATELAWS, seeGeothermal Resource, Legal Aspects

STATIGRAPHY, LATECENOZOIC ALLUVIUM
Avra valley
Lower Hassayampa area
Safford basin
Tucson basin

THERMAL SPRINGS, seeHot Springs; Ground Water

VOLCANIC ROCKS, LATECENOZOIC

WATER CHEMISTRY (seealso Area Assessments; Ground Water)
Ground Water

Arizona, general
Coolidge
Papago Indian Reservation
Safford basin
Springervi lle-Al pi ne
Tucson basin
Verde valley
Yuma area

Springs
Arizona
Black Canyon-Hoover Dam area
Castle Hot Springs
Gillard Hot Springs
Grand Canyon (western)
Indian Hot Springs
Mogollon Rim area

WA TER-RESOURCESAN D GEOTH ERMAL DEVELOPMENT,
seeGeothermal Resource, Development

YAVAPAI COUNTY
Area assessmentstud ies
Castle Hot Springs
Heatflow

YUMACOUNTY
Area assessmentstudies
Ground-water studies; data
Resource development plan
Temperature gradient logs

23

14

38
164
210
211

3,81,111

56,133,187,188,189,190
53
179
168,210
178
125
151
46

59, 121
116
157,158,166
193,208
144
100,210
61

79,151
36,157,158,165,166
154

46,77,94,173
20,127,135
13
134
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STATE OF ARIZONA
BUREAU OF GEOLOGY AND MINERAL TECHNOLOGY

The Arizona Bureau of Geology and Mineral Technology was established in 1977 by an act of the
State legislature. This act represents a reorganization of the Arizona Bureau of Mines which first was
created in 1915 and placed under the authority of the Arizona Board of Regents. This authority has not
changed. The Bureau continues its service in the fields of geology, metallurgy and mining in response
to public inquiries, state agency requirements, and various research grants. In order to carry out these
functions, two basic branches now are recognized:

The Geological Survey Branch is charged with the responsibility of acquiring, disseminating and
applying basic geologic data that are designed to (a) enhance our understanding of Arizona's general
geologic and mineralogic history and to assist in determining the short and long range influences these
have on human activity, and (b) assist in developing an understanding of the controls influencing the
locations of metallic, nonmetallic and mineral fuel resources in Arizona.

The Mineral Technology Branch conducts research and investigations into, and provides information
about, the development of Arizona's mineral resources, including the mining,metallurgical processing
and utilization of metallic and nonmetallic mineral deposits. These activities are directed toward the
efficient and safe recovery of Arizona's mineral resources as well as insuring that recovery and treat-
ment methods will be compatible with the basic environmental needs of the state.
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