THE GEOTHERMAL POSSIBILITIES OF

THE WESTERN DESERT AREA-UTAR

By: H. Clyde Davis

December 30, 1971



859 East 2730 Nerth

Provo, Utah 84601
December 30, 1971

Thermal Fower Company
785 Market Street
San Francisco, California

Dear Sir:

This report is being prepared for Thermal Power Company of
San Francisco of its southwestern Utah properties which are held by
Coda Corporation in southwestern Utah. The properties consist of 21,000
acres of land under lease by Coda Corporation in Millard, Beaver, and
Iron Counties, as indicated by the map.

The region under study is about 50 miles in width and 150 miles
in length, in which studies have indicated an abnormal heat flow in the
area pertaining to geothermal springs. The area has very few people,
approximately 2500, living in two small communities,

CLIMATE: The climate of this area is typical of basin and
range province consisting of desert type of climate in the valleys and
changes with elevation radically as altitude increases. The valleys are
dry lake beds surrounded by sage brush flats. At slightly higher elevations,
bench lands afford sufficient rainfall for juniper and pinon pine trees and
in the’ low mountains there is a more temperate climate with increased
precipitation and plant growth, In the high mountains there is sufficient
moisture to create considerable snowpacks during the winter months to
recharge the underground aquifer of the wvalley grabens. The climate is
quite variable and is a function of the altitude and these variations of
climate occur within a very few miles.

GENERALL GEOLOGY: The geology of Southwestern Utah offers many
contrasts. In this area, the relatively stable Colorado plateau hinges
with the relatively chaotic Basin and Range province. This report is a
study of the Basin and Range geothermal possibilities in the hinge zone
and covers a tract of land approximately 50 miles in width and 150 miles




in length., .A:dominant feature of the region of study is the abnormal heat
flow demonstrated by the hot springs, the earthquake activity, the huge
faults, volcanisme of many kinds, and hydrothermal alterations. The Colorado
plateau consists of separate plateaus, mesas, and buttes with intervening
canyons, washes and gulleys, and is bordered on the west and south by
volcanism, and on the east by the Rocky Mountains. In some places the Basin
and Range volcanism extends into the Colorado plateau producing a vague
dividing line between the two types of geology.

The granitic stocks are dominant features of the Basin and Range
province. They represent the mountain building. process golng on throughout
the area, and are strong indicators of the abnormal heat flow occurring in
the continental rifting process. Although they are less dramatic than an
active volcano, they evolve in a similar but slower fashion. They represent
the same process of upward migration of deeper layers of semimolten rock
material toward the surface, and they carry high temperatures with them.

Volcanism is manifested in many ways. There are a few active
volcaneos in the world, and there are many inactive or dead wolcanic cones.
In addition, volcanism is represented by such surface materials as pumice, per=-
lite, obsidian, basalt, ignimbrites, and various igneous flow rocks. These
volcanic material originate in the mantle such beneath the crust and mzke
their way to the surface through volcanic cones, massive caldera, and through
rifts in the crust. In the area of study along the hinge zone of the Basin
and Range province, volcanism has occurred at depth and does not show on the

surface. This is in addition to all the wvolcanism which is apparent on the
surface. '

The theory of Continental Drift offers an explanation for the
abnormal heat flow in Southwestern Utah. In this theory, it is assumed that
the continents are floating on a sea of molten rock. This is recognized in
the oceans as a global network of spreading centers, and on the continents as
rifting of the continental crust. A spreading center known as the East Pacific
Rise enters the North American continent under the Imperial Valley. It is
postulated that a rift in the crust extends northward through California,
Nevada, Utah, Idaho, and on northward into Canada generally in a northerly
and southerly line. This rifting of the continental crust allows the molten
mantle to come relatively clese to the surface. As a result, the evidence of
the abnormal heat flow in the hinge zone is apparent as volcanism, block faults
and thrust plates, hot springs, and earthquake epicenters.

There are three hot springs in Southwestern Utah where the temperature
is near the boiling point of water. Water falling as rain or freezing rain or
snow gradually percolates through the layers of rock and rock fissures and faults
to rock formations of high heat at depth. Some of the heated water may escape
to the surface as warm springs or hot springs. Heated water under pressure
will carry minerals to the surface and these minerals precipitate on the sur-
face and seal off geothermal fields. Such hydrothermal activity is recognized
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‘that pass from the Plateau region to the Basin

‘ning of the uplift, the druinage was from the

- was, at the time of the reversal, no drainage

74 - . ‘ ORE DEPOSITS OF UTAH.

It is considered by some that the streams| CORRELATION OF TIfE GREAT BASIN WiTIl Tirg

region arc antecedent—that is, that they have
mainteined their courses while the mountain
ranges were rising across their path. I the
development of the region has been correctly
interpreted in the preceding psragraphs, this
seems cxtremely unlikely. If, at the begin-

Basin Range province to the Plateau, there

westward from the Plateau provinee to main-
tain itself. Tt also scems significant that the

OTHER PROVINCES.

With the data at present availablo it i3 not

possible closcly to correlute the luler physio-
graphic development of the Basin provines of
Utah with that of the provinces to the east,
The several striking stages of erosionad dovid.
opment that have been recognized to e voes
arc ecither absent in the Basin provinee ov i
present are so wodified that they have neg
been recognized. .\ careful determination i
correlation of the late physiographic dl welope

nments within nodd withéut the Da-il Joie
Canyon Range, the most notuble example of
prowmises most Loboeesting and Imeeciane e

a mountain cut directly across by o river, was
probably completely buried by ecarly Tertinry

sults,  The rathee meaver ohservations o the

sediments ! and was gradually uncovered a writer suguest (B! development hos Tee ooy
C b 3 HAS 3 TOVETred b . s . . . . h
as B 3 different within aund without the Dastn. Cuwi.

tho stream cut its valley. The Deaver River
canyon through the Mineral Range has been
developed along a line of faulting and is evi-
dently controlled by the weakness of the rock
at that locality and has no connection with

side the Busin every elevation or depoe-<hon of

the region has chanced the elevution rolliive
to the base-led], wad the conseruent = ekl

or retardation of the work of the stereeo: ey

. . . found expression i the physiorrarter, o Ll
preaplift drainage.  The Squaw Springs Pass Fprees . e PILyEIORT .
- o the Basin snch of - tions and depros0 L v
through the San Francisco Bange has also . . .
T - T not Chun;_{vd the clovation relative Lot Losg.
developed along a line of faulting, Tho west- X .
- lewel; the strewns have therefore no! oon
ern drainage has pushed through the runze| . r " e
) . ol rejuvenated, oo Lot ph\'.\‘]()ffl‘;;v,‘:u O -
and has captured a small drainagn area on the ] Lo " .
. moerntt has boeen oo guiforin. PRI
enst side of the range. Other canyons of the . o Do
2 7 . to climativ oo s both within .
western slope of the San Francisco Range have . C ey -
. y the Pasin oo 7 Sl nearly ue i
pushed far inward toward 165 eastern mavging ) - - ,
- more elevisled

but have not yet cut completely througli.
Hero the western drainage has & much shorter
distanco to the same busedevel Sevier Lake)
than the custern and has therefore been able
to accomplish much more, and thedevelopment
of a valley across the range plainly can not be
attributed to antecedent drainage.  (Sce fig, 5.)
Most of the streams crossing a range that have
been noted by the wriler may be logically

ent; ot -

simply affocs 0 o
flowed Freely v 07 seay whereans -
Basin it alfeetod o - areas of the Takhos

woons, The readoo o b
swever, are pasell '

i chuneein
cize of the o

———

lower ])()[‘tim:‘i‘

CEOLOGY.

LIRATVIGRAPHY.

accounted for by normal headward erosion, _ The ‘““tl'{‘lrlf"fi':fi‘!"-\' of Utah ds so com
An unpublished manuscript on the Basin lft” conpiete e on f\oluld o
Ranges by Dr. G. K. Gilbert cites evidonee to | 180 10 exvess of oo available. The -

support the idea that a relative uplift of the
area ecast of the Wasatch Rango resulted in a
reversul of the drainage before the present
Wasatch Mountains were formed, and that that
drainage was maintained across this range as
it was uphftcd

1 Loughlin, G. F., Reconnaissance in the Canyon Range of wost-
central Utoh: U, 8. Geol. Survey Prof. Psper 90, p, 53, 1914,

here s merely to o
prepare a general serting for the more et !
discusaions devet.!
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There is littlo doubt that the extensive
ficlds of Java extending westward from the
High Plateau into Nevada are essentially con-
tamporancous with those of the plateaus, and
the flows in other parts of the State are prob-
ably also of essentially the same age, though
the ecvidence is less conelusive. Scveral of
the intrusive bodies of the State are contem-
porancous with the fiows (seo p. 99), and it is
believed that this is true for all those lying
along the castern margin of the Great Basin.
Whether it is true of the intrusive bodies near
the western border of the State is not known.

Voleanie activity, therefore, apparently broke
out in early Tertiary time, and both extrusion
and intrusion continued through middle and
late Tertiary into recent time, the latest
basaltic cruptions having taken place only a
fow huandred years ago.

STRUCTURE.

Archean rocks are exposed i only relatively
smnll arcas, and data are not available for the
dizerssion of their complex structural lli‘«'tory

ORE DEPQOSITS OF UTAH. . :

farther to the south. It is prebable that the
folds that antedate the Tertiary rocks of the
High Plateau?® were produced at the sam.
time as these folds. In the southern part of
the State, over a width of several miles, frow,
St. George nearly to Cedar City, a series of
north-south open anticlines and synelines,
with local overturning of the folds,® is con.
splcuous,

DOMICAL UPLIFTS.

Broad uplifts consisting of an anticlinal
folding or doming of the rocks are of prime
importance in Utah. These uplifts may he
separated into those thet ~how a distinet trend
and those that show o o ied trend. Among
those with a distinet trens? are the great east-
west Uinta uplift and its westward extension
through the Wasateh vl Oquirrh ranges, the
similar but lesser uplifi of the Raft River
Range in the northwe-tira part of the State,
and the less elearly deitned eastewest uplift in
the latitude of the Tintie and Deep Creck
ranoes, i which pre €0 -heian rocks have heen

The following deseription of the structure is,
therefore, confined to rocks younger than Ar-
chean. The positions and relations of the major

Cstructurnd features are shown in Plate NI

FOLDS.

Folding, though less conspirucus than fault-
ing in most parts of Utah, is yet of importunece.
It uppears to be greatest in a north-south
zono that extends across the State, along the
boundary of the Basin and Plateau provinces.
In this zone the pre-Tertiavy rocks have been
thrown into a series of folds, most of which
strile north-south but some of which strike
from nearly northwest-southeast to consider-
ably cast of north.

In southeastern Idaho! and southwestern
Wyoeming,? in - the northern continuation of
this belt, the folds are close, in many places
overturned, and are ussociated with extensive
thrust faulting. To the south the folds are
moro open and the thrust faulting is less im-
portant, and south of tho southern Wasatch
both folds and faults have largely died out,
though open folding is recognized much

1 Richards, B, W, and Manstield, ¢, R, The Bannoek overthriost; a
major {yultinsoutheastern Idahoand northeastern ULl Jour. Gealepy,
vol. 20, p. T04, 1912.

t Vealch, A. C., Geography aund geoloxy of a portion o southwestern

. Wyoming: U. 8. Geol, Burvey P'rof. Paper 3, p. 103, 1%57.

raised above the peo - vorosion surface in

numerous localities, thonsh not exposed
the adjncent regions cither to the north or

ot

south,  (See P NI This structure ap-
parently  fattens o pe  reaching  the
Tintie Range, Vool wowh a similar strue-

- - ue Tushar, Mineral,

VWah Wauab ranges,

tural feature extewd

Star, San Feaneizes, ool

s of domienl up-
s, extends north
i the Tron Spring.-

911(1 Htli {1 ”L\‘I“ xr)iH .
l)fts associnted with o
east and =owhwest
Ball Vialley

Tn the southenstern o of the State the
San Rafael Swell, licaey Mountains, Abgje
Mountains, and N o Mountain show less
definite trends. Tl + a 3al Mountains, how-
ever, form the cent. . owtion of a series of
northvst-soutlienst ~evernd niles leng.
Tho \\ ater Pocket | consists of an un-
symmetrical u})l!ft . wivh the eastern Hmb
dips steeply and Hw we~tern limb gently, aﬂd
along which the (i U (Burr Flats) und
Miners Mountan - ~o subsidiary domes.
The grest Momwmer' "y uplift cast of Colo-
rado River trends ! 1y west of south frow
the regicn of the A -intains into Arizend:

recion.

) o e
IDuttan, O, Geolors caus of Utah, p, 44, U, 5. 6%
aml Geol, =orvey Ilocky Moo 5 i !\N)
#The Hurteme fanlt In gt - +itle distriet, Utah: Harvard e’
Mus, Comg. ool Buil, v RELIEN
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Water is essential to the occurrence of a steam field. Tt is
almost entifely meteoriec in origin, and the high mountains of the area
serve as excellent structures for the collection and transmission of water
to the underground heated rock layers. All of the laws governing the use
of water will apply to the use of water in a steam field.

The criteria for a gecthermal field include an inexhaustible heat
spurce relatively close to the surface, a rock structure sufficiently porous to
create a reservolr, sufficient meteoric waters to recharge the reservoir, and
sufficient heat and pressure of the steam or fluids to operate a commercial
plant.

THE SOURCE OF GEQTHERMAL HEAT: 1In the Status Report for April,
1971, for Geothermal Resource Investigations in the Imperial Valley, Ellis
Armstrong discusses the continental drift theory. He states, "a relatively
new hypothesis in global tectonics relates high crustal heat flow to the
occurrence of a global network of spreading centers that largely traverse
the ocean floors. Heat flow apprcaching the earth's surface along these
spreading centers is often five to ten times the crustal average. The earth's
crust is a series of continental and oceanic plates that are being rafted about
on the liquid mantle of the interior. 1In areas of fluidic convergence or
downsinking, buoyant crustal plates are plunged inte the liguid mantle and
resorbed. In areas of upwelling, the crustal plates are spread apart and
oceanic ridges are formed. Geologists believe that oceanic ridges mark the
alignments where continents split and began to drift. The mid-Atlantic ridge
marks such a line of departure for the westward drift of North and South America
and conversely the eastward drift of Burcpe and Africa. The Island of Iceland
lies athwart the mid-Atlantic ridge"

This report is concerned with the Basin and Range Geothermal
Province which is directly related to the crustal spreading of a feature
known as the East Pacific Rise. Utah has long been known to lie along an
active belt of seismicity that extends northward from the Gulf of California,
through Arizona, Utah, Idaho, Wyoming, Montana, and into British Columbia.
This belt of seismicity is presumed to be an extension of the East Pacific
Rise into the North American continent. The significant feature of the gross
tectonic relations is that most of Utah's earthquakes have occurred along
boundary zone between the Basin and Range Province and the Colorado Plateau.
The earthquake activity is interpreted as directly related to abnormal heat
flow from the continental rifting of the East Pacific Rise.

GEOTHERMAL GROUND WATERS: Water falling as rain, freezing rain or
snow gradually percolates down along fault systems created by the mountain
building process to rock formations containing large amounts of heat.
Temperatures may increase rapidly in some formatlons. In one shallow well
drilled to a depth of 270 feet, temperatures of 270° ¥ were recorded at the .
mouth of the well, and this temperature was maintained at the same lewvel after
the well had been allowed to flow for three months. 1In four other wells drllled
along the structure live steam was encountered at shallow depths of ,
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80 feet. These test holes were placed along the structure over a distance

of three miles. Heated waters may escape into relatively shallow underground
water strata heating them to higher temperatures than the atmosphere. Reports
of wells drilled for agricultural purpeses show temperatures of 727 F in many
such farm wells. ©Some of these same wells are still in production after a
century of use, and still show a temperature of 72° F. There are three hot
springs in the area of study which show temperatures near the boiling peoint

of water. The maximum recorded temperatures of these springs range from

185° to 189° F. All three of these springs are in or near late Tertiary or

Quaternary volcanism.

J. C. Mundorff, hydrologist, U. 8. Geological Survey has prepared a
report entitled the 'Major Thermal Springs of Utah'. In this report he makes
the following remarks, "the normal thermal equilibrium of an area may be
affected by (1) the presence of an intrusive magma rising sufficiently close
to the surface to heat the surrounding rock and the interstitial water, (2)
the extrusion of igneous rocks (volcanism), (3) heat from radio-active elements,
and (4) heat that may be generated by the friction along faults. O0f the pro-
bable sources of geothermal heat, intrusive or extrusive masses of magma are
a requirement for hyperthermal conditions having economic value. Fault friction
may be a minor scurce of heat for all springs shown in the vicinity of faults
or for springs described as being in the vlcinity of known or inferred faults.

Thermal discharges having temperatures at or near the boiling point
of water indicate prospective areas in which to drill wells in exploration for
geothermal energy. In Utah, three springs - Thermo, Abraham, and Roosevelt -
have temperatures near the boiling point of water. The boiling point at the
altitude of these sprlngs is about 205% F. All three springs have temperatures
between 185° and 189° ¥ and all three springs are in or near late Tertiary
or Quaternary volcanism. During the past ten years, Roosevelt Hot Springs
have had little or no discharge, although abnormal geothermal conditions are

evident in the vicinity of the springs.

The possibilities of producing natural steam depend on the
existence of a source of heat, on the presence of a permeable bed, and gen-
erally on the presence of an impermeable caprock. Detailed geologic, gravi-
metric, electrical, seismic, and hydrological reconnaissances are recommended
before drilling. The preliminary objective is to drill test wells to conflrm
the inferences from these surveys and to supply detailed informaticn about
the formations present, Such detailed information should include their most
important physical properties (porosity, permeability, and density) and
existing physical conditions (temperature and pressure of the fluids and
nature of the percolating fluids). Figure 1 ds a map showing major faults,
earthquake epicenters, and major thermal springs of Utah.

GEOTHERMAL POWER FOR COMMERCIAL USE: 1In a report entitled
"Geothermal Power Goes Commercial'', published in SEVENTY SIX, November/

December, 1971, by Union 0il Company, the following comments are made.
NN,
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"We (United States) continue to demand electricity in unprecedented amounts.
The market doubles every eight to ten vears with no letup in sight. Coal, oil,
and natural gas produce most of our electric power, far exceeding the output of
hydroelectric dams and nuclear energy. Natural gas is in short supply. There
are ample reserves of coal and oil available, yet much ef the coal and oil has
a high sulfur content, and their use for making more electricity is under
attack., Coal has its own problems: sulfur, fly ash, strip mining, safety
rules. Nuclear power meets opposition due to potential radiation hazards."

As a supplement, Dr. Carel Otte, a geologist, who heads Union 0il's
Geothermal Division, has indicated electric power made from natural steam.
Next to hydropower, it is the lowest cost electricity available. It is more
than competitive with fossil fuels, and there are no combustion products emitted
into the atmesphere. For many years geothermal progress was slow, regarded by
many outsiders as an interesting oddity. There were many hurdles to overcome
and pioneers in geothermal energy wore many hats: specialists were required in
geology, economics, law, engineering, real estate and the environment. Two
breakthroughs helped turn geothermal energy into a commercial success. One
of these was the acceptance by Pacific Gas and Electric management of the
principles of reservoir engineering, widely used in the petroleum industry.
Coincident to breaking the technical barrier was a legal breakthrough in
geothermal leasing. In 1970, President ¥Nixon signed into law a bill that
permits geothermal prospectors to lease federal lands.

Geothermal power has proven to be a commercial success at the
Big Ceysers, 90 miles north of San Francisco. The costs of electric power
generated at the Big Geysers compares faverably with the cost of power from
PG & E's most modern steam power plants. Union 0il is the operator of the
steam project for its partners, Magma Power Company of Los Angeles, and
Thermal Power Company of San Francisgco. Pacific Gas and Electric Company
makes electricity from the steam.

RECOMMENDATIONS AND CONCLUSIONS:

. 1. Because of heat sources from the granitic stock and
graben basin with areas metamorphism, it is apparent this area is favorable
for an exploration program to determine a geothermal field. Many studies
have indicated this area has the potential similar to Geyserville, California.

2, From the study made of the area, five tarpgets for
exploration have been identified, as indicated on the attached map.

3. It is deemed advisable to acquire by lease or otherwise
approximately 20,000 acres in each of the above target areas.

4. When the acquisition of any given area has been completed,
an exploratory program is recommended. This should consist of a detailed
geological, geophysical, and geochemical studies and investigations. Based
on the results of these studies, a concurrent shallow drilling program canybeww““

determined. ThlS drllllng brogram can be contemporous while other ta;géteif R Sfm
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holes 50 to 600 feet in depth, depending on the surface geology and the
findings of 'any given drill hole. After the shallow wells and target areas
are completed, one or two deep holes should be drilled from 2,000 to 8,000
feet deep, depending on thermal gradent and results of the shallow holes.

Successful development of geothermal resources in this area would
aliow a technical base for the development of industries and possibilities of
new communities for the State.

Sincerely,

" ,)a‘ o. de pavis Qhﬁiﬂt—‘kiizlv

Comgulting Geologist
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GLOSSARY

Heat flow is the movement of heat through any given media.
Heat flow rates vary with the conductivity of the media through which the
heat is being transferred.

Spreading centers refers to a geological feature in the form of
a sea floor ridge thousands of miles in length., It is caused by the cir-
culating pattern of the molten rock in the mantle just below the crust of
the earth. The upwelling of molten rock causes spreading or rifting of the
crust, thus creating movement of large masses of land. There is believed to
be a netwerk of spreading centers covering the entire earth but cccurring
mostly under the oceans.

Thermal Anomaly is an area of high heat flow as indicated by
contouring thermal gradients.

Thermal gradient is the rate of change of temperature with depth.
It is nermally expressed as 'degrees Fahrenheit per 100 feet'.

Temperature recovery is the return of a well to equilibrium with
the various temperatures of the formations that were penetrated. Circulaticn
of drilling mud cools the formations immediately adjacent to the drill hole
and from one to three weeks to equilibrate is required for the test hole.

Anticlinal dome consists of upfolded strata opening downward in
all directions and thus taking the shape of a dome, usually elongate in
form,

East Pacific Rise is a branch of the world-wide network of -
oceanic spreading centers. The East Pacific Rise has been traced as
running along the axis of the Gulf of California, and entering the United
States under the Imperial Valley. Its route after that is postulated as
traveling northward through California, Nevada, Utah, Idaho, and on to the
north,

Geothermal resource is the heat generated from the interior of
the earth and recoverable in some medium such as hot ground water or
existing as steam.

Hot pots are small pools of warm or hot water occupying shallow
craters in the tops of conical or hemispherical mounds of tufa.

Hot springs are springs whose waters have temperatures higher
than 100 degrees Fahrenheit. '

Magma is maturally occurring mobile rock material, generated within
the earth and capable of intrusion or extrusicn, from which igneous rocks are



GLOSSARY (cgnpinued)

considered to have been derived by solidification.

Magmatlc water is water that is in, or is derived from magma.

Meteoric water is water that was derived from the atmosphere.

Thermal spring is any spring whose temperature is significantly
higher than the mean annual air temperature of the surrounding area.

Warm springs are springs whose waters have temperatures higher
(10° F) than the local mean annual temperatures of the atmosphere but
lower than 100° F.
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