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THERMAL SPRINGS OF ARIZONA

by James C. Witcher

Identification of truly thermal springs is an indispensable aid in
the assessment of a region’s geothermal characteristics. Over the
years numerous lists of thermal springs in Arizona have been
compiled and we present yet another. Although the word thermal
implies heat, there is considerable subjectivism or arbitrariness in
its application. In geothermal work what is important is anomalous
or unusual heat—something above a norm. A functional scheme
has been devised that is useful in identifying those Arizona springs
judged to be carrying anomalous heat. The method is readily
applied to any new springs that may be encountered. The results
of this updated version are shown in Table 1. Also, possible heat
sources are briefly outlined in the text.

Defining Thermal Springs

Over the years, springs given the label “thermal” may or may not
carry anomalous heat. Likewise, it is possible for springs not so
labeled to be anomalously warm. The explanation for this is not
difficult; it is to be found in Arizona’s regional topographic-climatic
variances.

Depending upon the season, the temperature of the earth down
to 10 or 20 meters is slightly above or below the mean annual air
temperature (MAT). Because springs are surface discharges of
water contained in the pores and fractures of rock at very shallow
depth, springs tend to have a temperature close to the MAT.
Spring temperatures that are much higher than the MAT are ther-
mal springs and their waters are heated by anomalously hot rock
near the surface or by circulation through hot rock at much greater
depths.

The MAT in Arizona ranges from less than 6°C to over 22°C,
primarily because the surface elevation is quite varied; therefore, a
similar range in spring temperatures is to be expected. Generally,
a thermal spring at a high elevation will have a lower temperature
than an equally significant thermal spring at a lower elevation
where the MAT is higher. Thus, the MAT provides a baseline from
which a thermal spring can be defined from place to place.

However, in order to actually classify a spring as being thermal,
some comparisons, or temperature standard above the baseline
temperature, is needed. This comparison temperature should fall
somewhere between normal spring temperatures and those that
are anomalously high and obviously thermal. The temperature dis-
tribution of Arizona’s springs relative to the mean annual air tem-
perature (MAT) is utilized to find this comparison temperature.

Spring temperatures measured during field work and reported in
geologic literature covering Arizona were compiled. All available
MAT data for Arizona were plotted and contoured on a map of

Arizona in order to determine the MAT at the spring locations. The
MAT for individual spring locations is subtracted from the individ-
ual measured spring temperatures and plotted on a frequency
diagram in Figure 1. A mostly normal distribution of spring temper-
atures relative to the MAT is evident. The mean spring temperature
is slightly above the MAT. This mean spring temperature relates to
the average circulation depth of these waters below the surface.
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However, the distribution is not perfectly normal when all springs
in Arizona are considered. Actually, the distribution appears to
have two means with similar standard deviations. When the mean
spring temperature of the Basin and Range province is compared
to the mean spring temperature of the Colorado Plateau province
(Figure 2), a bimodal mean spring temperature is evident, the
former being the higher. If the same average circulation depth and
average rock thermal conductivities are assumed for both pro-
vinces, the difference may relate to the higher conductive heat flow
observed in the Basin and Range province. If this is true, the
higher mean spring temperature of the Basin and Range springs is
caused by a higher average subsurface temperature gradient. It
should be pointed out that other explanations are plausible such
as differences in surface vegetative cover, average spring flow
rates, and seasonal recharge.
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The apparent deviation of spring temperatures below the
mean , assuming a normal distribution, is believed to be caused
by discharge from perched water tables close to recharge sources
and not discharge from the static water table.

Thermal waters may be subdivided arbitrarily into “hot” and
“warm.” Hot springs for all of Arizona are here defined as those
having temperatures that exceed the MAT by the sum of the mean

spring temperature for all springs and the standard deviation (Fig-
ure 1). Thus, the comparison temperature used to define a hot
spring is 15°C above a spring’'s MAT. In the Basin and Range
province the comparison temperature used to define a “warm
spring” is 10°C above the appropriate MAT. For the Colorado
Plateau province 6°C above the MAT defines a “warm spring”
(Figure 2). These definitions apply only to Arizona and may vary in
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# NAME LOCATION T°C  T-MATC # NAME LOCATION T°C T-MAT°C
1 Warm Spring A-1-20-12AC* 29.4 14.4 24 Coolidge Dam Hot Spring D-3-18-17DC 36.6 18.6
2 Hanna Creek Hot Springs A-1-31-29AD 55.5 42,5 25 Miguel Raton Spring D-3-31-3ADC 26.7 11.7
3 Warm Spring A-412-20-36CB* 24.4 10.4 26 Spring D-4-23-21AA 27.2 10.2
4 White River Salt Spring A-4Y2-20-35AD* 28.3 13.3 27 Spring D-4-23-21AD 31.56 14.5
5 Roosevelt Dam Hot Spring A-4-12-19DDB 48.0 28.0 28 Tom Niece Spring D-4-23-22BD 28.3 11.3
6  Hot Spring A-9-6-26AB* 36.6 17.6 29 Eagle Creek Hot Spring D-4-28-35ABB 42.5 25.5
7  Verde Hot Springs A-11-6-3B 41.0 23.0 30 Clifton Hot Spring D-4-30-18CCD 70.0 53.0
8 Salado Spring A-12-28-17DCA 21.7 1.7 31 Clifton Hot Spring D-4-30-18CDC 50.0 33.0
9 Henderson Ranch Spring B-8-1-33BAC 30.3 11.3 32 Clifton Hot Spring D-40-30-19CAA 33.0 16.0
10 Alkalai Spring B-8-1-33DB 31.2 12.2 33 Clifton Hot Spring D-4-30-30DBC 38.0 21.0
11 Castle Hot Springs B-8-1-34CC 54.7 35.7 34 Warm Spring D-5-19-23BDD 26.0 11.0
12 Kaiser Hot Spring B-14-12-10AD 37.0 19.0 35 Indian Hot Springs D-5-24-17AD 48.8 30.8
13 Cofer Hot Spring B-16-13-25CAD 37.0 18.0 36 Spring D-5-24-16CB 33.0 16.0
14 Warm Spring B-18-13-25D8B 28.3 10.3 37 Gillard Hot Spring D-5-29-27AAD 84.0 67.0
15 Warm Spring B-18-19-33DC 29.2 10.2 38 Spring D-7-24-13DC 29.4 12.4
16 Spring B-20-9-30CC 27.0 14.0 39 Spring D-10-29-23DD 26.1 10.1
17 Hot Spring B-30-23-15CBD 32.0 12.0 40 Spring D-12-21-31CA 32.5 17.5
18 Hot Spring B-30-23-26BBC 30.0 10.0 41 Agua Caliente Spring D-13-16-20CDD 32.0 12.0
19 Pakoon Spring B-35-16-24BD 28.0 10.0 42 Hookers Hot Spring D-13-21-6AAC 52.0 37.0
20 Agua Caliente Spring C-5-10-19AA 40.0 18.0 43 Agua Caliente Spring D-20-13-13BA 27.0 11.0
21 Radium Hot Spring C-8-18-12CC 60.0 38.0 44 Antelope Spring D-20-24-21DC 256.5 10.5
22 Spring D-2-31-35ABB* 25.6 10.6 45 Monkey Spring D-21-16-3C 28.3 13.3
23 Mescal Warm Spring D-3-17-20CBC 29.1 14.0 *Unsurveyed

other states having different geological terrains and subsurface
geophysical properties.

Origin of Thermal Springs

Thermal springs, as herein defined, originate from a combina-
tion of special conditions. These conditions are basic elements in
any geothermal system and they have to work in concert before a
system can exist naturally. These elements are: (1) a heat source;
(2) a recharge source; (3) a circulation framework or storage res-
ervoir; and (4) a discharge mechanism.

The most basic element is the heat source because it alone
separates geothermal spring systems from all others. In Arizona,

igneous heat sources are tentatively ruled out because no Recent
or Pleistocene silicic volcanism is known. Silicic magma is very
viscous and tends to collect in large shallow storage sites. These
bodies of magma contain enormous quantities of heat and may
require several hundred thousand years to cool to ambient tem-
perature, thereby providing significant heat to overlying rocks and
contained fluids.

Recent and Pleistocene basaltic volcanism is known in Arizona;
but intrusions related to this volcanism are small plugs, dikes and
sills, because basaltic magma is very fluid. Small plugs, dikes and
sills cool to ambient temperature in a few months or years and
contribute only minor quantities of heat to the surrounding rocks.

A COMPARISON OF TEMPERATURE DISTRIBUTION OF SPRINGS IN THE
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The normal flow of heat from the earth’s interior is probably the
major source of heat for Arizona’s thermal springs. The earth's
internal heat flows or is conducted through rock toward the sur-
face. Subsurface temperatures in Arizona generally increase at
least 30°C for every kilometer of depth; therefore, water circulating
deeper than 300 meters for a period of time will be heated by
subsurface rocks a minimum of 10°C above the MAT. Provided little
loss of heat occurs on the way back to the surface, these circulat-
ing waters will discharge as thermal springs.

The detailed mechanics and geologic conditions required for
deep circulation of water are beyond the scope of this article.
However, it is believed that forced convection accounts for Arizo-
na's thermal springs because the vertical permeabilities in fault
zones and Arizona’s subsurface temperature gradients are too low
for free convection. Free convection is buoyant flow of water
caused by a temperature-induced vertical differential in water
density. Forced convection is pressure-induced water flow caused
by elevation differences between the recharge water table and the
springs discharge elevation. Deep forced convection requires
special structures, stratigraphic geometries and geohydrologic
conditions.

Studies of Arizona’s thermal springs are but a part of the Arizona
Bureau of Geology and Mineral Technology’s assessment and
characterization of Arizona's geothermal resources. The entire
study is being funded by the U.S. Department of Energy.
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GEOTHERMAL

On January 16, 1981, the Geothermal Project of the Bureau
of Geology and Mineral Technology, Geological Survey Branch,
received a one-year contract renewal to continue the low- to
moderate-temperature geothermal site evaluation in the state of
Arizona during 1981. Funds for this year's program, $274,918.00,
again came from the U.S. Department of Energy, Division of
Geothermal Energy.

This year is the final year for the program. Work, therefore, will
focus on completing the statewide geothermal resource assess-
ment and on closing down the program. All data and reports gen-
erated over the lifetime of the program will be indexed and
catalogued into a format that is useful and easily accessible to
future workers. Everything will be left on file at the Bureau of Geol-
ogy and Mineral Technology. A final report on the geothermal
resource potential of Arizona will be prepared.

Many areas with potential geothermal energy favorable for
direct use have been identified in the state. It is hoped that
development of these resources will be carried out by the pri-
vate sector.

Claudia Stone, Geologist with the Bureau since 1977, has been
selected Program Manager for the Geothermal Project. Claudia
began geothermal study in 1975 when attending the University of
Hawaii. She received a M.S. in Geology and Geophysics in Hawaii
(1977) and a B.A. in Journalism from Marquette University (1961).

Starting as Research Assistant for the Tucson Geothermal
Project, Claudia has developed various geothermal studies in the
state, including the Papago Farm investigation. As Program
Manager, she will oversee the final phases of the geothermal
program in Arizona.

W. Richard Hahman, Sr., Principal Investigator and Program
Manager of the Geothermal Project with the Bureau of Geology
and Mineral Technology, left the Bureau in May 1981 to be a con-
sultant and Chief Geologist for an energy and mineral company in
Santa Fe, New Mexico.

Dick has been with the Bureau since May 1977, investigating
and assessing geothermal resources in Arizona, through funds
supplied by the U.S. Dept. of Energy and the U.S. Dept. of the
Interior.

Hahman graduated with a B.S. in 1960 from American University
and a M.S. in geology at West Virginia University (1963). During the
last 20 years, he has developed expertise in the exploration of
geothermal energy, porphyry copper, molybdenum, massive sul-
fide, Mississippi and East Tennessee-type deposits. Dick has
worked as an independent consulting geologist in Arizona, Cali-
fornia, Nevada, Oklahoma and Utah. He has also been employed
by Cominco American Inc. (1970-74), North Carolina Division of
Mineral Resources (1965-1970), The Bear Creek Mining Co.
(1965), Duval Corp. (1964—65) and the Superior Oil Co. (1963-64).

OPEN FILE REPORTS

Open File Reports are being cataloged and indexed by Bureau
staff. These reports were prepared by the U.S. Geological Survey,
the Department of Energy and the Bureau of Geology and others.
They are available for public review.
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NEW STAFF

Meliton Garcia (‘Mel”) obtained his B.S. degree in Mining En-
gineering from the New Mexico Institute of Mining and Technology
at Socorro in 1959, and his M.P.H. in Public Health from the Uni-
versity of California, Berkeley in 1963.

Mel joined the staff of the Bureau of Geology and Mineral
Technology on October 1, 1980 as an Industrial Hygienist. He also
serves as an Adjunct Professor at the College of Mines and is
Assistant Director for Mine Safety and Health in the Department of
Mining and Geological Engineering at the University of Arizona.

His work experience includes the following: Junior Mining En-
gineer at San Manuel Copper Corporation {(now Magma), Field
Technician in the Uranium Miners' Study by the State of New
Mexico; Industrial Hygiene Engineer and Supervisory Industrial
Hygiene Engineer with the Boeing Company, Commercial Airplane
Division; Regional Industrial Hygiene Engineer with Gulf Qil Corpo-
ration; Manager of Occupational Health with Tenneco Inc.; Indus-
trial Ventilation Engineer with Los Alamos Scientific Laboratory;
and Manager of Safety and Health with Tenneco Automotive.

Tom L. Young, Research Metallurgist, has over 18 years experi-
ence in metallurgical processing. He has developed operational,
engineering, research, design, consulting and managerial experi-
ence in nearly every phase of copper production, from the man-
ufacture of fiotation reagents to the application of copper and
copper alloys in aerospace and electronics. Tom has been with
the Bureau since September 1980 and is currently studying proc-
esses for the secondary recovery of precious and base metals
from scrap, factors affecting the differential flotation of copper and
molybdenum minerals, as well as the electrometallurgy of base
metals in halide solutions. '

Tom received a B.S. in Chemistry from the University of Okla-
homa in 1959 and a M.S. in Metallurgical Engineering in 1964 from
lowa State University. He most recently worked as Chief Metallur-
gist of Concentrators at Phelps Dodge Corp. (1979-80). Prior to
this, he was General Manager of Kerley Chemical Corp. (1977~
79), Assistant Smelter Superintendent (1976—77) and Metallurgical
Director (1970-76) at Magma Copper Co., Research Engineer with
the Boeing Co. (1966-1970) and Assistant Research Engineer at
Phelps Dodge (1965-66).

Stephen J. Reynolds began working at the Bureau on February
16, 1981 as a geologist. He received his undergraduate education
in'geology at the Colorado School of Mines and the University of
Texas at El Paso (B.S. in 1974). In 1977 he completed his M.S. at
the University of Arizona. Steve is currently finishing his Ph.D. in
geosciences at the University of Arizona.

During the past eight years, Steve has worked for the University
of Arizona, the U.S. Geological Survey, Conoco, Inc., and Home-
stake Mining Company. He has published over 20 geological arti-
cles and was recently a co-principal investigator on a U.S. De-
partment of Energy subcontracted study entitied, “Cordilleran
metamorphic core complexes and their uranium favorability."
Steve has a wide range of geologic expertise, including tectonics,
structure, geochronology, and mineral deposits of the western
United States. His main responsibility with the Bureau is updating
and revising the Geologic Map of Arizona.

Christopher M. Menges began full-time employment as a
geologist with the Bureau on April 1, 1981. Chris has been as-
Sociated with many research and teaching positions at the Univer-
sity of Arizona Geoscience Department since 1974 and at the

Bureau since 1979. His scientific research has centered on
Quaternary tectonics, tectonic hazard evaluation and analysis of
complex fault systems. At the present time he is preparing a
Quaternary map of Arizona with Dr. Roger Morrison directing the
project, and ce-investigating neotectonics in the state. Both proj-
ects are being funded by the U.S. Geological Survey.

Chris received his B.S. in Geology from the University of
Washington and expects to receive a M.S. in Geosciences in 1981
from the University of Arizona.

FAREWELLS

William H. Dresher, Dean of the College of Mines and Director of
the Bureau of Geology and Mineral Technology will be leaving his
position at the University of Arizona in June to become president of
the International Copper Research Association.

Dr. Dresher received a B.S. in Chemical Engineering from the
Drexel Institute of Technology and his PhD in Metallurgy at the
University of Utah. After working for 15 years with Union Carbide
Corporation as a research manager in the nuclear, mining and
metals divisions, Dr. Dresher was appointed Dean of the U of A
College of Mines in 1971. During the past 10 years, he has encour-
aged the strengthening of various geologic and mineral-related
programs, and has helped implement the development of the Mine
Reclamation Center, the Mining and Mineral Resources Research
Institute and the Geothermal Project.

Stanley B. Keith, Geologist, will leave the Geological Survey
Branch of the Bureau in June to work as a private consulting
geologist.

Stan obtained a B.A. in Philosophy in 1972 and M.S. in Geology
in 1978 from the University of Arizona. Best known for applying
plate tectonics to Arizona geology, he has specialized in the
Laramide Orogeny and its porphyry copper deposits.

His contributions since starting at the Bureau in March 1978
include: conceiving and supervising a computer compilation of
Arizona base and precious metals and molybdenum-reported
production from Arizona mines. Keith also compiled a new
Laramide outcrop map on Arizona (which includes parts of New
Mexico, Northern Sonora and Southeastern California). This mapis
currently being edited for publication. Stan was a co-participant
with Dr. Peter Coney and Stephen Reynolds in a DOE-funded
grant, entitled, “Cordilleran Metamorphic Core Complexes and
Their Uranium Favorability’’, which details the geochemistry and
tectonic significance of exposed plutonic rocks, especially the
documentation of peraluminous muscovite-bearing granitoids.

Keith has written numerous articles, given talks and led many
field trips that emphasized mid-Mesozoic, Laramide and mid-
Tertiary tectonics and mineral deposits in southeast and westcen-
tral Arizona. He also charted progress on the “great southwestern
overthrust oil and gas play”.

Douglas J. Robinson, Metallurgist and Adjunct Associate Pro-
fessor of Metallurgical Engineering at the University of Arizona, |eft
the Bureau in April 1981. Dr. Robinson's area of responsibility in-
cluded coordinating communications and cooperative research
between engineers in industry.

He obtained a B.S. in Metallurgy from the University of British
Columbia in 1967 and a Ph.D. from the University of Sheffield,
England in 1970. From 1970-1977, Dr. Robinson worked at Com-
inco Ltd. in British Columbia as a Research Metallurgist and pilot
plant engineer. He was employed by Air Products and Chemicals,
Inc. as Senior Process Engineer during 1978 and 1979, and the
Bureau of Geology in 1979, continued on p. 12




Page 6

Bureau of Geology and Mineral Technology

June 1981

THINGS GEOLOGIC

No Rocks, No lce Geam

No rocks, noice cream? If you are an aspiring amateur ecologist,
or even a professional, take a moment to reflect on this question.
Obviously, this is an exercise in linkage—the essence of ecology.
Just in case you haven't caught on, allow me to provide a hint so
we can move on. The general chain of dependency is: rocks,
minerals, soil, grass, cow, milk-cream, ice cream—no rocks, no
ice cream. We could make this everlastingly complicated by add-
ing all of the other requirements: people make ice cream, tools and
materials are required, but each, in turn, follows a dependency
chain back to rock and even beyond. Try this game with children at
the dinner table or in the classroom. In fact, you might ask the
question: “Is there any man-influenced thing in this room that you
can see or touch that does not have rocks as a requirement for its
existence?” The logic is simple enough and the message is pro-
foundly fundamental and insightful. This ecological truth seems,
almost universally, to go unrecognized in our modern techno-
society. We appreciate sunlight as essential to life, as well as air,
water and soil—but rocks? '

Recently, | saw a conservation-oriented booklet produced for an
Arizona program that states: “The earth is made up of two main
parts—soil and plants.” Nonsense! If we humans are to find a
formula to sustain human existence on this planet, it is essential
that we gain some common insights into what its real nature is.
Most of us know little about our bodies and even less about
the earth.

The non-living earth and all of its non-living parts, features (in-
cluding the atmosphere and hydrosphere) and processes are
“things geologic.” Interpreting the geologic record indicates that
the earth underwent a long preparation time before it was capable
of sustaining even the simple forms of first life. All life is dependent,
therefore, it is axiomatic that these dependencies pre-exist. The
order of appearance on earth of the three major kingdoms, from
older to younger is: Mineral, vegetable, animal—not the reverse. In
this classification, “things geologic” could substitute for “mineral.”
It is therefore the earth—things geologic—that is in control, not
humankind. Attributed to American philosopher, Will Durant, is the
thought: “Civilization exists through geological consent, subject to
change without notice.” The insights inherent in this idea deal with
an ecological truth that warrants further thought and investigation.

For several years | had the good fortune of being one of five
instructors at an Arizona-based Institute of Desert Ecology for
adults. | say good fortune for a number of reasons, one being that it
gave me an opportunity to witness the reactions of people being
intimately introduced to the earth for the first time in their lives.
Once in a while, we had a distinguished visitor or two with time
enough to visit but one of our five groups. They usually selected
geology because they recognized that it was their weakest sub-
ject. One visitor, a well-known outdoor writer for an Arizona news-
paper now includes a geologic tidbit in many of his articles.

It is true that the formal science of geology can be intimidating if
a prerequisite to actually thinking, doing and feeling geology is the
learning of a special language. If one wished to set out to discover
new oil, it would help to know formal geology. However, to refiect
upon the role that oil, a thing geologic, controlled by things
geologic, plays in the everyday functioning of all techno-societies
does not require a formal geologic education. Rather, it requires
only a willingness to nurture a sense of curiosity.

The term geologic is especially useful if it can be made to con-
vey four important earthly characteristics: 1) the idea of great an-

by H. Wesley Peirce

tiquity or age, especially relative to humankind; 2) the concept of
nonrenewability, limitation, depletion or finiteness; 3) the inequality
in the distribution of things geologic (especially mineral-energy
raw materials) within the earth; and 4) that most things geologic
are beneath the earth’'s surface where they cannot be directly
observed. Out of sight, out of mind? Some elaboration of these four
ideas may be useful.

We use geologic time to mean thousands, millions, and billions
of years. Almost everything we use that is of the earth has a
geologic age for which most of us have little or no knowledge or
appreciation. As an example, much of the crude oil being pumped
from the earth is greatly in excess of 100 million years in age. So
tong to be formed and preserved—so quickly consumed. The next
time you fill up at the gas station, try to recall the general antiquity
of the diverse things that make a fill up possible. The ubiquitous
metallic equipment might very well have originated from ores that
are more than a billion years in age.

No doubt, if you live in Arizona, cement from this state was used
in constructing your dwelling. The basic ingredient, limestone, is
supplied by Arizona geologic units that generally exceed 300 mil-
lion years in age. These are examples of how our daily lives are
surrounded and supported by myriad products made possible by
events of the distant geologic past. The contemplation of geologic
time can indeed humble a person.

The concept of nonrenewability-depletability stems from the fact
that for all practical purposes there is but one crop of mineral and
fossil energy materials. There is but one basic crude oil supply,
and it was here, in the earth, long before humans putin an appear-
ance. The same could be said for most earth material resources.
Many of Arizona’s copper deposits were first emplaced in rocks at
depth and moved closer to the earth’s surface through diverse
processes acting over a span of 50 million years or more. Actually,
the large, generally mined out, copper deposit at Jerome is in
excess of one billion years in age. Geologic time and nonrenewa-
bility go hand in hand.

The idea of nonrenewability-depletability is not new, although in
this day of increasing environmental and ecological awareness, it
is frequently invoked to convey a sense of impending doom akin to
a herd of buffalo approaching a high cliff. The practical effect of
the fact of nonrenewability is, at first, to induce change in ways
often imperceptible. However, a belated appreciation for the
realities behind the principle can lead to political actions that
cause rude awakenings. Such is the nature of the world oil story.
Representatives of the oil-rich Middle East, and others, decided to
value more highly their prime wasting asset, oil. This induced the
world community to begin to consider alternatives in preparation
for the day when the nonrenewability factor becomes evident in
declining production and even higher prices. Lead time is all im-
portant in a technological world if severe dislocations are to be
avoided or minimized. The inability of supply to keep up with de-
mand should be reflected in pricing, the first manifestation of
change. Unless government artificially restrains costs, costs
should get our attention long before the theoretical exhaustion of
any given geologic raw material, including groundwater beneath
Tucson.

The twin concepts of geologic vintage and nonrenewability, if
generally recognized and appreciated, could reinforce the willing-
ness of humankind to strive for moderation in the demands it
makes of the earth. Sobering is the fact that modern civilization
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“rocks” along with very few ultimate answers in hand. Faith is very
much a part of the human experiment. One thing we know is that at
a time when many of the world's countries have rising expecta-
tions, the discovery of required additional geologic resources
grows increasingly difficult. As we ask more of the earth, demands
for more and better trained earth scientists should increase.

A most relevant and useful concept in understanding interna-
tional and provincial human affairs is the geologic fact of unequal
distribution of earth material resources around the earth. In a com-
petitive, technological world, one can anticipate that attention will
be focused wherever there are unusual concentrations of materials
deemed valuable, useful, essential, critical or strategic. Middle
East oil is a good example that illustrates the point. Governments
recognize such “facts of life” long before their citizens do. No
doubt many lives have been lost in wars waged for pragmatic
reasons generally unknown to those making the ultimate sacrifice.
We have all heard of the energy crisis. There are some in govern-
ment and elsewhere who honestly feel that a mineral crisis is in the
offing. For this, the scene includes those portions of Africa that are
unusually endowed with varieties of metallic ore that are consid-
ered strategic or crucial to our country's military and industrial
base. Zaire and Zambia supply two-thirds of the world’s cobalt.
The U.S. consumes 20 million pounds each year while producing
none. Cobalt is vital to the aerospace industry where it is used in
making high-temperature alloys. This part -of Africa is to cobalt
what the Middle East is to oil. We will not understand or even be
able to mitigate the tensions in world affairs until we become better
informed about things geologic that are frequently at the root of
these tensions.

The last geologic idea that | would like to emphasize is the fact
that most of the earth-derived materials that go into many of the
material aspects of our modern techno-societies, are exploited
from beneath the earth’s natural surface. The deepest ventures are
oil-gas wells, the shallowest are various rock-stone quarries and
sand-gravel-clay pits. All others are of intermediate depths. Most
persons seem totally unaware of where the materials they utilize
come from or the problems associated with resource discovery,
development and preparation. Let's face it, most of us are con-
sumers, not producers.

Production, or lack thereof, has its consequences and trade-
offs. This is true for all industrial societies regardless of political
philosophy. We still live in a competitive world where the com-
petitors should be taken seriously. The level of competition now
reaches far beyond national boundaries and is, therefore, global in
scope. Many see little or nothing encouraging in the future of man-
kind. The root of our budding concern is the “carrying capacity” of
the earth. Though this is an expression used by wildlife
managers-scientists, the ecological realities apply just as well to
humans. Although the principles are the same, the actual applica-
tion to technological man is very complex. Just try to inventory the
geologic resources involved in the support of a Phoenix lifestyle.
Taking just food as an example, who knows where the soils are
that, in part, grew the hundreds of food items that are transported
and stocked daily? Most are not in'Arizona. On the other hand, it is
much simpler to directly inventory the food-soil factors that support
adeer herd.

The destiny of humankind and human potential is circumscribed
by an old and "shrinking” earth with a fixed endowment of un-
equally distributed, often hidden resources. It is by utilization of
this inheritance of things geologic that increasingly complex
human civilizations have been possible. Beyond the question of
reserves of natural resources is the capacity of mankind to man-
age increasing complexity. Some are suspicious that man could
fall victim to his own management inadequacies prior to actual
debilitating resource shortages. Certainly, the roots of modern
techno-societies are lengthy, complex and vulnerable. That the
system continues to function is a credit to mankind. The industrial
powers covet the same material resources, things geologic, vital to

the continuance of a lifestyle to which much of the world has be-
come accustomed. The problems and their solutions are global in
scale. How to organize in order to seek peaceful solutions to a
looming problem of world-wide resources management—that is
the question. Remember: no rocks, no ice cream! A

ANNOUNCEMENTS

The Utah Geological Association is sponsoring a 1982 field trip on
the overthrust belt of Utah during September 20-22, 1982, Further
information on the field trips and manuscripts for the guidebook
will be announced at a later date.

Mr. William E. Allen is retiring from his position as Executive
Secretary of the State Oil and Gas Conservation Commission June
30, 1980 where he has been employed since 1970. He will be
succeeded by Mr. A. K. Doss, who has been Manager of the
Minerals Section of the State Land Department for the past eight
years. Mr. Doss begins his new job June 1, 1981.

Please note the following correction to “Desert Runoff: Hazards in
Arizona” (DuBois and Parks) in Vol. 10, No. 4, p. 7, col. 1, line 8.
The sentence should read: “Resuits of one study (Slezak, 1980)
along the Rillito River in Tucson indicate that channels can migrate
locally as much as 878 feet horizontally during single high-fiow
events...” :

An error also occurred in the “Selected Flood Summary and
Cost Estimates in Arizona” chart, on page 2 of Vol. 11, No. 1. The
numbers listed under "“Losses (millions of $)” should contain
periods, rather than commas. For example, the first entry, $6,636
should be $6.636.

PUBLICATION

Circular 21, The Mississippian and Pennsylvanian (Carboniferous)
Systems in the United States—Arizona was prepared by H. Wesley
Peirce of the Arizona Bureau of Geology and Mineral Technology,
in cooperation with the U.S. Geological Survey. Originally pub-
lished by the USGS in 1979 as Geological Survey Professional
Paper 1110-Z, this study offers a "historical review and summary of
areal, stratigraphic, structural and economic geology of Missis-
sippian and Pennsylvanian rocks in Arizona.” Circular 21 is avail-
able from the Bureau of Geology and Mineral Technology for
$2.50, plus 20% handling charge, if mailed.

NATIONAL/REGIONAL EVENTS

U.S. Geological Survey (Denver)—Cambrian System, 2d Inter-
national Symposium with field trips, Golden, Colorado, August
9-13, 1981

Association of Engineering Geologists—Annual Meeting, Port-
land, Oregon, September 27—-0October 2, 1981

University of Nevada, Continuing Education, Mining & Engineer-

ing, Reno, Nevada:

Zoning in Volcanic & Subvolcanic Mineral Deposits—Confer-
ence, October 5-8, 1981

Volcanic Rocks & Their Vent Areas—Conference, October 5-8,
1981

Fundamentals of Mining—Conference, October 5-8, 1981

Mining Law—Conference, October 23-24, 1981

Society of Exploration Geophysicists—Annual Meeting, Tulsa,
Oklahoma, October 12-16, 1981

Society of Mining Engineers of AIME—Annual Meeting, Denver,
Colorado, November 18—-20, 1981 :
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Farth Scdence Information:

State Agendies

Have you ever wanted information about some aspect of rock or
other earth materials, earth processes, the geologic setting, min-
eral resources, or water resources but did not know who to ask? If
so, then this summary may be helpful. This initial effort is restricted
to State agencies. In a later issue we will prepare a similar sum-
mary of federal and other agencies. This is not an attempt to de-
scribe in detail organization structures, but merely to tell the basic
mission and some of the services, products, and types of informa-
tion provided. Some agencies such as the State Land Department
and the Department of Water Resources are large and complex
and, therefore, the summary given is admittedly incomplete.

State of Arizona
BUREAU OF GEOLOGY AND MINERAL TECHNOLOGY
Tucson, Arizona
Director: William H. Dresher (602) 626-1401
Geology and Mines Building
University of Arizona
Tucson, AZ 85721

Geological Survey Branch: Larry D. Fellows, Assistant Director
and State Geologist (602) 626-2733
845 N. Park Ave.
Tucson, AZ 85719

Mineral Technology Branch: William G. Davenport, Assistant
Director (602) 626-1943
Geology and Mines Building
University of Arizona
Tucson, AZ 85721

PURPOSE:A scientific, investigative and information agency;
conducts research and provides information about the
following:

1. Earth materials and processes (geologic setting)

2. Origins and occurrences of mineral resources
(metals, non-metals, mineral fuels, geothermal)

3. Impact of things geologic, including natural hazards,
limitations and natural attributes.

4. Mineral technology

SERVICES AND PRODUCTS:
Geological Survey Branch (602) 626-2733
Consultation, assistance and information about

—the state’s geologic setting

—geologic materials present at the surface and in the sub-

surface

—geologic origin and occurrences of mineral resources

—impact of the geological setting on land use in industrial,

urban and agricultural sectors

—geologic hazards (seismicity, subsidence, landslides,

etc.)

—published and unpublished geologic maps and reports
Publications for sale over the counter or by mail (price list
available)

Geologic library includes periodicals, state and federal
agency reports, maps, open-file reports, selected theses, etc.

Repository of rock cuttings and cores from petroleum and

geothermal exploration drilling

Geology field trips

Talks on the geology of Arizona and related subjects
Geothermal Group (Geological Survey Branch):

Claudia Stone, Project Manager (602) 626-4391

Information about areas within Arizona that may have potential

geothermal resources

Geothermal water temperature data

Library of maps and reports pertaining to geothermal re-

sources

Reports on geothermal potential in portions of the state
Mineral Technology Branch (602) 626-1943

Information on metaliurgical problems

Laboratory metallurgical research and testing on metallic and

non-metallic mineral substances. Nominal fees are charged

for some services.

Classification, free of charge, of mineral and rock specimens

that originate within Arizona. Qualitative tests for the important

chemical elements are made if appropriate. A $3.00 per sam-

ple charge is made for those samples originating outside of

Arizona. Spectroscopic analysis and X-ray studies are done at

established rates (a schedule of which will be furnished on

request).

ARIZONA DEPARTMENT OF MINERAL RESOURCES
Mineral Resources Building
Fairgrounds
Phoenix, AZ 85007
John H. Jett, Director (602) 255-3791
Tucson Office:
State Office Building
415 W. Congress
Tucson, AZ 85701 (602) 882-5399

PURPOSE: To aid in the promotion and development of the State’s
mineral resources. Provide technical assistance to prospectors
and operators of small mines, with emphasis on individual prop-
erties.

SERVICES AND PRODUCTS:

Consultation, advice, field assistance;

Information about mineral commodities, mineral exploration,
and mining processes, State and Federal mineral laws, land
and mineral ownership status, and claim staking.

Studies of effects of economic problems and impact of gov-
ernmental regulations on prospecting and mining.

Library of technical books, reports, and maps on minerals,
mining and processes.

Files on individual mines and mineral occurrences.

Mine map repository.

Publications—mineral reports, directories, information circu-
lars, maps of mineral occurrences (list available)

Mineral museum—school and group tours with programs (no
charge); talks on minerals; assistance in mineral identification.
Monitor prospecting and mining activities.

Conduct seminars on prospecting and other aspects of min-
eral resources in outlying areas of the state.

ARIZONA STATE LAND DEPARTMENT

1624 West Adams St.

Phoenix, AZ 85007

Joe T. Fallini, Commissioner (602) 255-4621

Robert K. Lane, Deputy Commissioner (602) 255-4621

SN SP
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pPURPOSE: To manage State Trust Lands for the benefit of com-
mon schools and other state institutions.
gERVICES AND PRODUCTS:  ~
Minerals Section (602) 255-4628
Provide information about state mineral statutes, rules and
regulations and Department policies relative to minerals.
Investigate and record mineral occurrences on State Trust
Lands.
|ssue leases for mineral (metals), oil and gas, common miner-
als (sand and gravel, limestone, decomposed granite, etc.)
and geothermal.
Issue permits for mineral exploration.
Leasing Section (602) 255-4602
Maintains tract book records of all activities (including graz-
ing, agriculture, mineral leases, and others), past and present,
on State Trust Lands.
Information Resources Division (602) 255-4061
Serves as the Arizona affiliate of the National Cartographic
Information Center (NCIC).
Make available the following maps and imagery prepared by
the U.S. Geological Survey (USGS) and other agencies:
USGS topographic maps
Land status maps showing State Trust Lands and BLM Na-
tional Resource Lands
USGS slope maps, flood prone area maps, and urban area
study maps.
Assist in determining availability of imagery from LANDSAT,
manned Spacecraft, NASA, and USGS aerial photography.
Maintain and provide equipment for viewing and interpreting
air photos and imagery.
Packet showing maps available.

ARIZONA DEPARTMENT OF WATER RESOURCES
g9 E. Virginia St.

phoenix, AZ 85004

Wesley E. Steiner, Director (602) 255-1550

pPURPOSE: To manage the State's water resources, in accordance
with the Groundwater Management Act, signed by Governor
Babbitt, June 12, 1980.
SERVICES AND PRODUCTS:
Wwater Rights Division (602) 255-1581
Provides information on water well drilling and the legal as-
pects of water rights.
|ssues permits for drilling water wells.
Serves as repository for drillers reports.
Hydrology Division (602) 255-1586
Information about availability of water.
Participates in cooperative program of data collection with
U.S. Geological Survey (USGS):
USGS maintains stream gaging stations and records.
Dept. of Water Resources maintains groundwater index (ob-
servation) wells and records (quality and quantity)
Issues reports on groundwater conditions
a. Annual summary based on index wells.
b. More detailed reports on individual groundwater ba-
sins.
Dam Safety Division (602) 255-1541
Responsible for all non-federal dams above a certain size.
Answer questions about construction of dams.
|ssues permits to build dams.
Flood Control Branch (802) 255-1566
Answer guestions about flood insurance, based on 100-year
flood maps.
Flood control projects.

oOIL AND GAS CONSERVATION COMMISSION
1645 W. Jefferson

pPhoenix, AZ 85007

A. K. Doss, Executive Director (602) 255-5161

PURPOSE: Encourage the development of and prevent waste of
oil, natural gas, gecthermal, and helium resources on all lands
within the state.

SERVICES AND PRODUCTS:

Information about drilling activities.

Oil, gas, geothermal, and helium production statistics and re-
cords of past drilling activities.

Maps showing well locations and oil pools.

Geological reports and cross sections on specific areas (list of
publications available).

Well temperature data.

Issue permits to drill exploration and development wells.
Supervise the drilling, operation, maintenance and abandon-
ment of wells. A

AVAILABLE INFORMATION ON MINERAL PROSPECTING

Several 8%" x 11" fact sheets and other documents that de-
scribe various aspects of prospecting are available from the State
Department of Mineral Resources, Mineral Resources Building,
State Fairgrounds, Phoenix, AZ 85007 (602/255-3791). Titles of
these items, available at no charge, are listed below:

Arizona Land Ownership Status (Circular No. 2)

Laws and Regulations Governing Mineral Rights in Arizona

Prospects and Prospecting

Maps and Books for Arizona Gold and Gold Prospecting

Severed Mineral Rights

Patenting a Claim

Sample Location Notice (Lode)

Sample Location Notice (Placer)

Claim Map—Instructions

Assayers and Assay Offices in Arizona

Elements of Mining Ventures —Possible Indications of Fraud

Heap Leaching Gold—Why so many Failures?

Gold and Silver Cyanide Leaching Checklist

Useful Units of Measure for the Prospector

The Department of Mineral Resources also has other publica-
tions. A list is available at no charge.

POSITION ANNOUNCEMENT

Geologist (Economic/Structural)

Bureau of Geology and Mineral Technology

Geological Survey Branch

Application Deadline: July 31, 1981

Responsibilities: Conduct independent geologic field observation,
analysis and mapping; Conduct original research on various
aspects of mineral and energy resources; Write proposals
for outside funding and serve as principal investigator on
funded projects; Prepare reports at various levels; Provide
information services about Arizona geology to agencies and
members of the community.

Qualifications: M.S. required, Ph.D. desirable in geology, with
specialties in economic and/or structural geology; prior
economic geology experience in Arizona and/or other
southwestern states; documented proficiency in geologic
mapping; demonstrated ability to conceive and complete
original geologic research; prior experience in publication of
geologic reports is desirable.

Send letter of application, availability date, resume or vita, and
published or unpublished geologic maps or reports to Dr.
Larry D. Fellows, State Geologist, Bureau of Geology and
Mineral Technology, Geological Survey Branch, 845 N. Park
Ave., Tucson, AZ 85719 (602/626-2733).
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NEW LEVELING ACROSS ARIZONA

by

Carl C. Winikka

This past winter seascn, the National Geodetic Survey (NGS)
continued its field survey operations in Arizona to complete another
segment of their transcontinental precise leveling network, Field
work shifts seasonally from northern to southern United States
each year. In this 1980-81 season, levels were run to extend
the previous season’s work westerly from Picacho Peak along the
Southern Pacific Railroad through Gila Bend to El Centro, Califor-
nia. Levels were also run westerly from Roosevelt Dam through the
metropolitan Phoenix area to Tonopah with a connection south
to Gila Bend.

The level network being run across the United States is Second
Order, Class |, with results usually within First Order allowable
limits. New benchmarks, and replacements for old marks which
had been destroyed, are quite different from the familiar bench-
marks formerly used where bedrock is not available. These marks
consist of threaded sectional metal rods topped with a small stain-
less steel cap. The upper several feet of the new mark are within a
five inch diameter, schedule 80 PVC pipe section which is fitted
with a protective aluminum logo cap cover.

Original plans for the level line through the Phoenix area were
along an east-west line between Apache Junction and Buckeye.

Subsidence occurring in the greater Phoenix area is of concem to
a number of local agencies. For this reason, a longer level line,
with added benchmarks in bedrock (Figure 1), was requested to
provide a basic indication of the amount of subsidence which has
occurred since the line was last leveled in 1967. The NGS was
responsive to the request for a longer level line because the addi-
tional cost was shared among local agencies. Those participating
agencies were the cities of Phoenix, Scottsdale and Glendale,
Maricopa County, Arizona Department of Transportation, Arizona
Department of Water Resources, Luke Air Force Base and the Salt
River Project.

The field work was completed on schedule. Although interim
results will be available, final adjusted elevations will await the
transcontinental adjustment after completion of all field surveys.

Carl Winikka is the Assistant State Engineer, Location Section, Arizona Depart-
ment of Transportation.

The National Geodetic Survey, formerly known as the U.S. Coast and Geodetic
Survey, is now a part of the National Oceanic and Atmospheric Administration.
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Leasing Activity in Arizona: Energy Resources
by Don Whittaker, former Director of Enforcement with
the Oil and Gas Conservation Commission.
OIL AND GAS also provided for the formation of exploratory drilling units that will

Leasing activity continued at an accelerated pace throughout
1980. Of the 9,582,000 acres of state trust lands (13% of the state),
7,790,000 acres were under lease for oil and gas exploration. In
addition, the Bureau of Land Management, which administers the
federally owned lands within the state, issued leases covering
4,245,286 acres. Throughout the year, five to eight geophysical
crews worked within the state.

Thirteen permits for oil and gas exploration were issued in 1980.
These are listed in Figure 1.

Atthe year's end, drilling was continuing below 17,000 feet at the
Phillips (Anschutz-Texoma) well in Pinal County. This well, which
was plugged and abandoned at 18,013 feet in February 1981,
holds the depth record for Arizona.

During 1980, 32 wells produced 405,943 barrels of oil and
357,441 million cubic feet of gas. Total production in 1979 was 471,
836 barrels of cil and 348,280 million cubic feet of gas. These wells
are located on the Navajo Reservation in northeastern Apache
County.

The Arizona Legislature passed a bill that increased yearly rent-
als from oil and gas leases from 25 cents per acre to $1.00. The bill

permit combinations of state, federal and fee lands.

GEOTHERMAL

State trust lands under lease for geothermal exploration totaled
34,356 acres. The BLM issued leases covering 21, 541 acres of
federally owned land. Drilling was limited to one thermal gradient
test hole.

UNDERGROUND GAS STORAGE

Two underground storage facilities for liguified petroleum gas
(LPG) were in operation in 1980. The Cal-Gas facility, located in
Maricopa County near Luke Air Force Base, uses three wells for
the injection and removal of the LPG products, which are stored in
a cavity created in the underlying salt body. The Buckeye Gas
Products facility is located at Adamana, approximately 15 miles
east of Holbrook. Eleven wells are used in their operation. Storage
is in a cavity made by dissolving salt beds.

The LPG products, primarily propane and butane, are used
largely in the gasoline refining process. Some is used locally
for industrial and residential heating and in lesser amounts as
engine fuels.

Figure 1.
PERMIT OPERATOR, NUMBER
NUMBER COUNTY LOCATION AND LEASE

STATUS "

ROCK UNIT AT
TOTAL DEPTH

702 Pinal 7S-10E-2 NW SE Phillips Petroleum (Anschutz
Texoma) A-1 State
703 Coconino 41N-1W-24 NE SW Travis Oil 1-24 Federal
704 Mohave 41N-9W-33 NW NW Pyramid Oil Rock Creek
2 Federal
705 Mohave 38N-10W-17 SW NE Home Petroleurn 17-1A Federal
706 Mohave 36N-9W-30 NE SW Gulf Oil 1 Federal
707 Santa Cruz 20S-17E-12NE NE Ralph Whitmore et al 1 State
708 Yuma 108-23W-23 SE SE An-Son 1 State
709 Pima 125-6W-9 SE NE NANO'LTEX JPA 1 Federal
710 Pima 128-6W-9 SW SE NANOQ'LTEX JPA 2 Federal
711 Pima 128-6W-9 NW NE NANO'LTEX JPA 3 Federal
712 Mohave 38N-6W-19 SE NW Copaquen Upper Clayhole
1-19 Federal
713 Mohave 39N-5W-10 NW NE Copaquen Pipe Valley
1-10 Federal
714 Cochise 23S8-30E-8 NE NW Union Oil 80-1 State
(Geothermal)
715 Coconino 41N-1W-24 NW SE J. M. Shields 1-24 Federal

*December 31, 1980

Drilling at 17,575 ft.

Dry and abandoned
T.D. 900 ft.

Location staked,
Waiting on rig

Dry and abandoned
T.D. 3120

Dry and abandoned
T.D. 5961

Operations suspended

at 2002 ft.

Dry and abandoned
T.D. 2833 ft.

Dry and abandoned
T.D. 1044

Permit expired
Permit expired

Location staked,
Waiting on rig

Location staked,
Waiting on rig

T.D.715

Oil show. Will attempt

completion after
January 1, 1981
T.D. 470 ft.

Confidential

Permit (Permian)

Confidential

Confidential

Granite wash-
volcanic detritus

Volcanic

Confidential

Kaibab (Permian)

R
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Farewells continued

David Rabb, Mining Engineer and University of Arizona lecturer
for the past decade, retired from the Bureau last September 1,
1980.

Since graduating from the University of Arizona with a B.S. in
Mining Engineering (1937) and M.S. in Metallurgy (1939), Rabb
has acquired an enviable expertise in the fields of solution mining,
leaching, mineral benefication and assaying, as well as in radia-
tion, waste disposal and cryogenics.

After the second world war, Rabb was employed as a metallur-
gist by Battelle Memorial Institute for over six years, was assigned
to the Inspector General’s Department for five years, and worked
14 years as a mining engineer at Lawrence Radiation Laboratory.

Currently, Dave derives pleasure in his retirement by managing
his own consulting services in metallurgy and solution mining. 4

ABSTRACTS

Over 2,000 abstracts on the geology of Arizona and surrounding
areas of the Southwest have been filed and indexed at the Bureau
of Geology Library. These abstracts are now available for review.

ANNOUNCEMENT

If you are not currently receiving Fieldnotes and would like to be on
the mailing list, contact the Bureau of Geology and Mineral Tech-
nology Publication Desk. The subscription is free. Address
changes or other alteration requests should be accompanied by a
current Fieldnotes mailing label.
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