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PREFACE

Geothermal energy (the natural heat energy of the earth) is receiving nationwide
attention. The increasing invelvement of many parties in exploration for and development
of this energy source has been accelerated by four factors:

1. Ecolegically, geothermal energy appears to be a better alternative than other
methods of power generation such as nuclear, fossil fuel, or hydroelectric.

2.  Economically, it competes favorably with hydroelectric and fossil fuel power
generation, and may be cheaper than nuclear methods.

3. Enormous reserves of geothermal resources have been identified and can be
developed if the effort is made to utilize them.

4, Efficient use of all energy sources is now recognized as necessary if present energy
shortages are to be alleviated and future shortages avoided.

Published information on the geotherma! potential in ldaho consists mostly of
numerous reports that briefly describe or mention thermal water occurrences in particular
areas or regions of the state. Seven reports {Stearns and others, 1937; Waring, 1956; Ross,
1971; Nichols and others, 1972; Warner, 1972; and Young and Mitche!ll, 1973; and Warner,
1975) have been written on Idaho’s geothermal potential. Three of the reports are mainly
compilations of pre-existing data collected by various investigators over an extended time
interval of approximately 50 to 60 years. Waring {1965, p. 26-31) essentially updates the
data of Stearns and others {1937, p. 136-1561}). Godwin and others {1871) classified
approximately 15 million acres (60,705 square kilometers) of fand in idaho as being
valuable prospectively for geothermal exploration. Ross (1971) published geologic and
chemical information an 380 thermal water occurrences, and presented brief evaluations of
the geothermal potential of different regions of the state. Nichols and others {1972)
identified non-power uses and the economic impact of these uses on ldahe. Warner (1972
and 1975) dealt with Idaho’s geothermal potential based on its regional geologic setting,

In idaho, the prospects for early development of geothermal energy as a power source
appear excellent. The regional geologic setting appears favorable for the existence of large
geothermal fields aithough little is known of the full potential of this resource. A great deal
more must be learned of geothermal occurrence, development, utilization, and regulation.



The tdaho Department of Water Besources initiated a study of geotherma! potential to
generate interest in development of the resource and to properly perform the Department’s
. regulatory function. Part 1 of the study, prepared jointly with the U.S. Geological Survey,
located twenty-five areas in Idaho (fig. 1} where indications of potential for power
development utilizing geothermal energy were found. Parts 2, 3, and 4, prepared by the U.S.
Geological Survey, studied areas in west-central and southwest ldaho. Parts 5, 6 and 7,
prepared by the Idaho Department of Water Resources, studied areas in south-central and
southeastern |daho. Part 8, prepared jointly by the |daho Department of Water Resources
and the Southern Methodist University, describes the heat flow regime in and around the
Snake River Piain.

There are four objectives common to each of the studies: (1) to encourage the
development of the resource through public knowledge of its occurrence, characteristics,
origin, and properties; (2} to develop the expertise within the Department to properly
perform its function of regulation of the resource; (3} to protect the ground and surface
waters of the state from deleterious effects which might be brought about by large-scale
geothermal development efforts by public or private parties; (4) to protect the geothermal
resource from waste and mismanagement because of lack of knowledge of it occurrence,
characteristics, and properties.

This study, part b, summarizes a part of the effort to obtain additional data on the
properties, origin, occurrence, and characteristics of this resource in daho.
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COVER PHOTO

The Maple Grove Hot Springs and pool, located 25
kilometers northeast of Preston, are visible in the
foregound and center of the photograph. The ruins of
an old swimming pool and bath house are visible
behind the hot springs, and in the background lie the
waters of the Oneida Narrows Reservoir.

IDWR Phaoto Geo. 145, Oct. 1974
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ABSTRACT

The thermal waters of the north-south trending graben structure known as northern
Cache Valley in southeastern Idaho were sampled during the summer and fail of 1973.
Geologic and gravity data for the area indicate fault control for nearly all thermal water
occurrences. Thermal-water discharges are generally restricted to the course of the Bear
River with few known in areas away from the river. Spring deposits in the form of travertine
may not be indications of low temperature thermal waters because abundant limestone and
dolomite make up the geologic framework. Much gas, believed to consist mostly of carbon
dioxide, is being evolved from many of the springs.

The hottest water is found near Battle Creek and Squaw hot springs approximately 4
kilometers northwest of the town of Preston. The springs are the surface expression of a
classic U-shaped deep circulation system. Meteoric waters descend along fault planes,
fractures, and fissures to depths at which they are heated by increasing rock temperatures
(geothermal gradient of 5°C per 100 meters). Due to decreased density, the heated waters
rise along the same or adjacent fault pianes to the surface.

The quartz equilibrium geochemical thermometer applied to the thermal water
discharges indicates temperatures approaching 150°C may be encountered by deep drilling.
Mixing models, based on quartz solubility, indicate higher aquifer temperatures than the
guartz equilibrium thermometer, but chloride concentration vs, temperature plots are not
linear, a relationship which generally exists if mixing is taking place. The
sodium-potassium-calcium geochemical thermometer indicates higher temperatures than
quartz equilibrium and mixing models. Thermodynamic calculations show slight
supersaturation in calcium with respect to caleite indicating near-equilibrium conditions, or
minor continued rock-water reaction.

The thermal waters are higher in total dissolved solids {12,000 to 13,000 milligrams per
liter) than are known elsewhere in Idahe and represent potential pollution hazards should
large scale withdrawa! be attempted. These saline waters may also present many engineering
difficutties in their attempted utilization.



EXPLANATION

@

Area selected by geothermometry.
These refer to springs or wells with
indicated aquifer temperatures of
140°C or higher.

a

Area selected by geology.

=

" Areas studied in previous geothermal
reports.
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FIGURE 1. Index map of idaho showing area of this report and areas selected for study by
Y oung and Mitchell (1973).



GENERAL INTRODUCTION

Purpose and Scope

Reconnaissance geochemical sampling of geothermal waters within Idaho has given
indications of at least 25 areas that may have potential for geothermal energy utilization
(Young and Mitcheli, 1973). The northern Cache Valley region was one of the 25 areas
{fig. T). This region was chosen for further evaluation of its geothermal potential for four
reasons:

1. Preliminary geochemical samgpling and application of the silica (Si) and sodium-
potassium-calcium (Na-K-Ca) geochemical thermometers at several sites indicated
the possibility ‘that temperatures might be high enough for power generation at
depth in this area.

2.  Numerous thermal and mineralized springs with easy access meant additionai data
could be inexpensively and rapidiy obtained.

3. Early application of mixing models {Young and Mitchell, 1973, unpublished data)
indicated the possibility of higher temperatures at depth.

4. A built-in market for electrical energy without long distance power transmission
exists; the world's largest known phosphate reserve is located 50 to 80 kilometers
north and east. A prerequisite for large-scale development of this phosphate
reserve is an inexpensive, abundant power source. Such development could have
worldwide impact.

The purpose of this report is to further examine and evaluate the geothermal potential
of the northern Cache Valley area by obtaining more thermal-water chemistry data from
existing springs and wells; obtaining pertinent geological, geophysical, and hydrological data
from the literature; presenting the field-work data; describing the occurrence and chemical
characteristics of the thermal waters; interpreting the existing and newly acquired data and
relating it to the geothermal potential; developing the information necessary to formulate
regulatory strategies if and when deep drilling in the area commences; and recommending
areas of additional work where needed.

Well- and Spring-Numbering System

The numbering system used by the Idaho Department of Water Resources and the U.S.
Geological Survey in ldaho indicates the location of wells or springs within the official
rectangular subdivision of the public lands, with reference to the Boise baseline and
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FIGURE 2. Diagram showing the well- and spring-numbering system.
(Using well 155-39E-17bed1.)

meridian. The first two segments of the number designate the township and range. The third
segment gives the section number, followed by three letters and a numeral, which indicate
the quarter section, the 40-acre tract, the 10-acre tract, and the serial number of the well
within the tract, respectively. Quarter sections are lettered a, b, ¢, and d in counterclockwise
order from the northeast quarter of each section (fig. 2}. Within the guarter sections,
40-acre and 10-acre tracts are lettered in the same manner. Well 155-39E-17bed1 is in the
SE%SW“NWY Section 17, T. 15 S., R. 39E., and was the first well inventoried in that tract.
Springs are designated by the letter “S” following the last numeral; for example,
168-39E-17bed 15.

Collection of Water Chemistry Data

All known accessible thermal-water occurrences in the northern Cache Valley area were
visited. Several thermal-water samples were collected from each spring system to insure that
representative samples were obtained for chemical analysis. Field data collected inciuded
measurement of pH, water temperature, and conductivity. The discharge rate from each
spring vent or flowing well was measured or estimated. These measurements were made as
close as possibie to each spring vent or well discharge pipe.



A standard chemical analysis was run on each thermal-water sample taken, Trace metal
analyses were conducted using neutron activation methods. Separate samples were taken for
silica analysis and diluted in the field with distilled water (one part sample to nine parts
distilled water) to prevent silica polymerization.

Carbonate and bicarbonate determinations were performed potentiometrically in the
field because gas—believed to consist mostly of carbon dioxide (CO4}~was being evolved
from many spring vents and sample holding time was considered to be too short for reliable
laboratory analysis of these constituents,

in addition, thermal-water deposit samples were collected from each spring or well
{where active deposition was noted). The mineral constituents were identified using X-ray
diffraction and field identification methods.

Use of Metric Units

The metric or internationat System (S} of units is used in this report to present water
chemistry data. Concentrations of chemical substances dissolved in the water are given in
milligrams per liter {mg/l) rather than in parts per million {ppm} as in some previous Water
information Bulletins. Numerical values for chemical concentrations are essentially equal
whether reported in mg/1 or ppm for the range of values reported in this report. Water
temperatures are given in degrees Celsius {(°C). Figure 3 shows the relation between degrees
Celsius and degrees Fahrenheit. :

Linear measurements (inches, feet, yards, miles) are given in their corresponding metric
units (millimeters, meters, kilometers). Weight and volume measurements are also given in
their corresponding metric units. Table 1 gives conversion factors for these units. Area
measurements are listed in both Si and English units except when referring to areas
described by official rectangular subdivision of public lands.

TABLE 1
TABLE CF CONVERSION FACTORS
To Convert from To Multiply by
inches centimeters 2.540
feet meters 0.305
yards meters 0.914
miles kilometers 1.609
sq. miles sq. kilometers 2.589
gallons liters 3.785
ounces grams 28.349
centimeters . inches 0.394
meters feet 3.281
meters yards 1.094
kilometers miles 0.621
sg. kilometers sq. miles 0.386
liters gallons 0.264
grams ounces 0.035
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GEOLOGY

L ocation and General Features

.Cache Valley lies astride the ldaho-Utah border {fig. 4} in southeastern ldaho and
northern Utah., The Idaho portion is an elongated, north-trending structural valley

approximately 24 by 40 kilometers {km), covering nearly 900 square kilometers {sq km)
(350 sq. mi.).

Cache Valley is bounded on all sides by mountain ranges: the South Hills on the south;
the Wasatch, Malad, and Bannock ranges on the southwest, west, and northwest,
respectively, the Portneuf Range on the north, and the Bear River Range on the east. These
dominantly north-trending ranges rise to elevations of about 2,700 meters {m} with most
crests hetween 2,100 and 2,700 m. The valley floor is a low, flat plain. Several hills~Clifton
Hill, Mount Smart and Little Mountain-rise abruptly from the valiey floor. Gently sloping
alluvial fans, terraces, and deitas are well developed along the edges of the valley and flank
the hills in the valley proper. The valley floor slopes gently southward, ranging in elevation
from 1,684 m down to 1,338 m elevation above mean sea level.

Lake Bonneville, named in honor of the early western explorer, B.L.E. Bonneville
{Gilbert, 1875), extended into many of the intermountain basins of northwestern Utah,
southeastern ldaho, and a portion of eastern Nevada. It had a profound influence in shaping
the topography and shallow groundwater systems of the area. Lake Bonneville was
approximately 290 km wide and 480 km long north to south {King, 1878), and covered
32,200 sg. km (Bjorkiund and McGreevy, 1971, p. 14). The Cache Valley embayment
occupied nearly all of Cache Valley during much of Pleistocene time. Shoreline features are
vividly etched along parts of the valley sides and on Mount Smart and other hills. Many
deltas formed by streams entering Lake Bonneville are easily recognized near the mouths of
canyons. The most prominent lies downstream from the mouth of Oneida Narrows. This
large delta consists principally of red beds which may have been derived from the Triassic
and Jurassic consolidated sedimentary rocks found east of Cache Valley (Bright, 1963,
p. 77}. The Bear River has eroded a broad, flat flood plain about 30 m deep into this delta,
Groundwaters in the area are mostly derived from unconsolidated valley fill sediments
deposited during the time of Lake Bonneville and deposits that accumulated subsequent to
the draining of the lake,

Cache Valley lies within the Great Basin Physiographic Province. The mountains to the
east, the Bear River Range, are in the middle Rocky Mountain Province (Fenneman, 1931).
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The principal drainage, Bear River, enters through a narrow gorge (Oneida Narrows) in
the noartheastern part of Cache Valley and meanders through a wide flood plain incised into
the valley floor. The Bear River exits to the southwest through a low, broad canyon
separating the Wasatch and Malad mountain ranges and empties into the Great Salt Lake.
Several perennial streams, notably Mink and Worm creeks, and Cub River flow from the
Bear River Range into the Bear River in northern Cache Valley. Deep and Battle creeks flow
into the Bear River from the west and north and drain parts of the vatley proper. Figure 4
illustrates the principal physiographic features of Cache Valley and adjacent areas.

The area has a semiarid climate with an annual rainfall of about 22.4 centimeters {cm)
in the valley and up to 76 cm at elevations above 2,100 m {Coulter, 1956}. The mean annual
temperatures is about 8°C, with wide seasonal and daily temperature variations.

Cache Valley supports a vigorous agricultural industry devoted primarily to livestock,
poultry and dairy products, sugar beets, corn, potatoes, grain and alfalfa. Of the
approximately 50,000 inhabitants, most are rural, living in small towns, communities, or on
farms.

Generalized Geology

Cache Valley lies near the eastern margin and within a long narrow curvilinear zone of
earthquake activity stretching from Las Vegas, Nevada, on the south to Flathead Lake,
Montana, on the north, known as the intermountain Seismic Belt {Smith and Shar, 1974)}.
This zone is interpreted to be a boundary between subplates of the greater North American
crustal plate, where differential movements between the Basin and Range and Colorado
Plateau-Rocky Mountain provinces are taking place (Sbar and others, 1972). Plate and
subplate boundaries are considered by most geothermal authorities to be excellent areas for
prospecting for geothermal resources. Youthful magmatic activity, areas of high heat flow,
and thermal spring activity are known to occur along the Intermountain Seismic Belt.

The geologic framework of the northern Cache Valley area is composed of complexly
faulted and tilted rock masses of Precambrian through Cenozoic age. Structurally, Cache
Valley is a complex graben composed of downthrown fault blocks which have been buried
by Cenozoic rocks and unconsolidated valley fill. Gravity data of Peterson and Oriel {1970}
suggest that this fill is about 2,400 m thick. Two drilled oil and gas wells encountered
pre-Cenozoic rocks at 1,490 m and 1,580 m (Bjorkiund and McGreevy, 1871, p. 14) in the
Utah portion of the valley. Uplifted fault blocks form the various mountain ranges that
surround the valley proper. Keller {1963, p. 2) thought the Bear River Range to be broad
syncline broken into rectangular blocks and the Portneuf Range to be a block-faulted
homocline with local complex areas as at Treasureton, believed to be related to bending at
the Bear River-Portneuf Range junction. Bright {1963, p. 8} stated that these ranges contain
minor folds, but were essentially homoclinal to the northwest. They are laced with a
network of high angle faulis. Bjorklund and McGreevy {1971, p. 12) maintain that the
maximum vertical displacement along faults in parts of Cache Valley probably exceeds
3,000 m,

In general, two sets of faults are evident. One set trends northeast, the other northwest.
Coulter (1956, p. 36} called the northeast-trending set longitudinal faults and the northwest
set transverse faults. The longitudinal fauits roughly parallel the trend of the Bear River
Range. The transverse faults intersect the regional mountain trends at relatively high angles.



Branching, anastomosing and recurving are characteristics of the longitudinal fault traces,
whereas the transverse fauit traces are relatively straight. Coulter (1956, p. 12) further
stated that in the area he mapped, fault surface of subsidiary faults within major fault zones
have dips which reach or exceed 75 degrees. Features related to the faults indicated to
Coulter downward movement of the hanging wall relative to the footwall. Bright {1963, p.
8) stated that many of the high angle faults are most likely early Pleistocene in age because
they are younger than his Mink Creek conglomerate. Oriel and Platt’s (1968} map shows no
evidence of thrusting in the area of Cache Valley mapped by them (plate 1).

Several features of Cache Valley are probably related to the high angle faulting. Coulter
{1956, fig. 3) mapped Mount Smart located northwest of the town of Franklin as a block of
strongly brecciated Nounan and St. Charles limestones, separated by a high angle cross fault
from a block of Garden City limestone located north of the other two formation outcrops.
Coulter believed that the straight-line arrangement of the Mount Smart block with blocks of
similar stratigraphy at Worm Creek and Oneida Narrows indicated a horst structure for this
feature, rather than an outlier of an eastward thrust, or massive landsiide block. Clifton Hill,
located near Twin Lakes Reservoir east of Clifton may be bounded by northwest trending,
high angle reverse faults on both its east and west sides (Petersen and Oriel, 1970, and Oriel
and Platt, 1968}, Witkind (1975) reported the east boundary fault to strike N25°W and to
dip northeast. He listed a probable length for this fault of about 13 km. The latest
movement along the fault was listed as probably late Cenczoic. Recent unpublished gravity
data indicate that these faults may extend southward as far as Squaw and Battle Creek hot
springs {Don Mabey, personal commun., 1974),

Landsat false color infrared imagery shows a linear feature extending from Bear Lake
Valley near Sharon on the northeast, along Mink Creek and Bear River to Squaw and Battle
Creek hot springs. This feature may also extend along the southern margin of the Bannock
Range and through the Malad Range (plate 2). The intersection of this Mink Creek-Bear
River lineament and the Clifton Hill boundary faults could be the controlling structure or
focal peint for the hot spring activity in this area.

Stratigraphy

Exposures of Precambrian, Paleozoic and Cenozoic age rocks are found in the area. An
unconformity may exist at the base of Silurian System as evidenced by the absence of
intervening fauna between the Swan Peak quartzite and the Fish Haven dolomite (Coulter,
1956, p. 28}.

Precambrian strata consists of the Brigham guartzite, its argillite member, and various
rock units found in the Bannock Range. Paleozoic rocks are mostly marine limestones and
doiomites, some quartzites and minor amounts of shales. Cenozoic strata consists of coarse-
and fine-grained detrital material (gravels, sands, silts, and clays} deposited subaerially, or
under lacustrine (lake} conditions. A stratigraphic section for the Preston quadrangle is
inctuded with the geologic map on plate 1 {in pocket).

10



Igneous Rocks

Keller {1963, p. 54) reported the existence of a dike-like basic igneous rock rich in
hornblende and plagioclase, which was intruded along the axis of a north-south trending
anticline in the Cache Valley Formation just south of Oneida Narrows. A similar intrusion,
but finer grained and somewhat metamorphosed {lamphrophyre dike?) was found at Clifton
Hill {called Little Mountain by Keller, 1963, p. 55}, south of Twin Lakes (Clifton)
Reservoir, but the intrusion was not mapped.

The only other surface exposures of igneous rock known to occur near the northern
Cache Valley area is the Gem Valley Basalt {plate 1), an olivine basalt mapped by Oriel and
Platt {1968) north of the study area near Thatcher in Gemn Valley.

Stanley {1972, p. 1820} on the basis of gravity and magnetic data, reported the
presence of a mafic dike intrusion into Paleozoic and Precambrian hedrock just north of
Lewiston, Utah in southern Cache Valley. He also reported the possible existence of a
buried Tertiary lava flow located just south of the Idaho-Utah border midway between
Cornish, Utah and Lewiston, Utah. The source of this flow was believed to be from the
vicinity of the dike-like intrusive body north of Lewiston. Stanley also reported the
existence of a magnetite body situated on or near a valley-boundary, normal fauit 10 km
southwest of Cornish, Utah, These bodies indicate that past igneous activity, albeit on a
small scale, and mostly in the south, may have taken place in Cache Valley.

Geothermat Gradient and Heat Flow

Although not extremely reliabie as predictors of drilling depths, geothermal-gradient
measurements have been used in geothermal investigations to establish boundary conditions
or possible limits to which one might reasonably expect water to be circulating. A
temperature versus depth plot (fig. 5) for cold-water wells in the northern Cache Valley area
was made from data of McGreevy and Bjorklund (1970, p. 17). A geothermal gradient of
19C per 20 m was obtained from this plot. This gradient is not much higher than the normal
geothermal gradient of 1°C per 30 meters. An average geothermal gradient of this
magnitude extending uniformily to great depths suggests that a temperature of 200°C would
exist at a depth of 4,000 m. For a temperature of 85°C (approximately that observed at the
surface for the hottest thermal water known in Cache Valley}, water would have to circulate
to depths of at least 1,500 m.

The greater reliability of heat-flow measurements over simple temperature-gradient
measurements or calculations in assessing an area’s geothermal potential is well known. The
geothermal gradient may be viewed as the potential difference between the earth’s deeper
layers and that found at the surface, and is dependent on the ability of the intervening rock
layers to conduct heat (thermal conductivity), Heat flow measurements take this thermal
conductivity into account and, therefore, are uniform with depth while abrupt and
sometimes large variations in geothermal gradient occur with depth due to changes in
thermal conductivity. A high heat flow, therefore, may indicate the presence of an intense
heat source (regional or local) in the subsurface, while a high geothermal gradient may only
reflect a lower thermal conductivity.

1
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Atthough the thermal conductivity of the intervening rock layers in the northern Cache
Valley area is not exactly known, reasonable heat flow assumptions can be made by simply
knowing the limits of thermal conductivity of the types of rocks found in the area. For
example, unconsolidated, poorly sorted sands and gravels usually exhibit a thermal
conductivity between 3.5 and 9 giving a heat flow, in heat flow units, {HFU) of from
500C/km x 3.5 cal/sec/cm? = 1.75 ucal/cm?/sec {1.75 HFU} as a lower limit and 500 C/km

% 9 ucal/sec/cm? = 4.5 HFU as an upper limit. A heat flow of 2 HFU would be similar to
that found in the Basin and Range Physiographic province, while that approaching 3 HFU
would be more typical of the Snake River Plain region (Brott and others, 1975, in
preparation).

Since the area is part of the Basin and Range province, a heat flow of from 2 to 2%
HFU would be a reasonable assumption. This above normal heat flow would be high enough
to reasonably expect that the thermal waters in the area could be reaching maximum
temperature through deep circulation, but not high enough to indicate the presence of a
shallow, high-intensity heat source (magma) in the area unless the thermal conductivity of
the rocks underiying the area are extremely low,

Gravity Data

Peterson and Oriel {1970, p. C114-C118) conducted a gravity survey of Cache Valley
to determine the approximate thickness of the low density Cenozoic strata in the valley.
Peterson and Oriel’s {1870, figs. 3 and 4} data are shown in figure 6. Peterson and QOriel
interpreted the data as follows:

. . . Near the fdaho-Utah State line a gravity saddle separates the southern
gravity low from a low near Preston, Idaho. The gravity saddle is flanked on the
east by a gravity high which extends southwestward into the valley near Lewiston,
Utah. The high no doubt reflects the concealed southwestward extension of a
block of bedrock that is exposed ar Mount Smart. . .

Another gravity high on the west side of the valley extends from the
Bannock Range southward through Bergeson Hill to Little Mountain
Although strata exposed along this belt consist dominantly of the Tertiary Salt
Lake Formation and overlapping Quaternary units (Stokes, 1963), gravity data
indicate that these sediments are thin. Cambrian rocks are exposed beneath
Cenozoic strata on Little Mountain, . . .

.. a gravity low is located just south of Preston, Idaho. An interpretation
across this low along profile C-C' (fig. 3} indicates a thickness of Cenozoic fill of
about 5,500 feet {1,700 m). A bedrock high is located just west of the center of
the model and is probably bounded on the east by a fault. This bedrock high
probably is the subsurface extension of Clifton Hill, about 4 miles (6 km) to the
north, where Precambrian rock is exposed (Oviel and Plart, 1968). The gravity
data indicate faulting along the east and west margins of the valley.
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A detailed gravity survey was made of Clifton Hill in an attempt to
determine whether the hill represents a rooted fault block (Ovriel and Platt, 1968}
or a block of Precambrian rock that slid eastward from the Bannock Range over
Salt Lake strata . . . these data (profile D-D', fig. 4) indicates that Clifton Hill is.
bounded by a fault along its east side and that the bedrock is near the surface
west of the hill. Whether the hill is bounded on the west by another faulf cannot
be determined from the available gravity data. Clifton Hill is interpreted to be the
expased part of a rooted and tilted northwesterly trending block of Precambrian
rock that lies east of and lower than the Precambrian rock that forms the
Bannock Range. Therefore, the slide interpretation is denied by the gravity data.
Two small gravity lows occur north and northwest of Clifton Hill and indicate
local thickening of the Cenozoic rock in the Round Valley area.

The gravity high along the west edge of the Bear River Range, north of the
Idaho-Utah State line, is bordered on the ecast and northeast by an area of lower
gravity values. The gravity high coincides with exposures of Brigham Quartzite
and Cambrian limestone (Oriel and Platt, 1968) and connects with the Mount
Smart block. The lower gravity values to the cast and northeast coincide with:a
belt of exposed Salt Lake strata. A small closed gravity low (fig. 2) near:
Richmond, Utah, represents the wedge of Cenozoic sediments southeast of the
Mount Smart block...

These gravity data along with the general geciogy, faulting, lack of abundant igneous
rocks, etc., give no indication of large, shallow intrusive rock bodies {heat sources} within
the subsurface in the northern Cache Valley area. The geologic and gravity data indicate
fault control for several thermal springs located northwest of Preston, near the south-central
portion of the study area. Geothermal-gradient and heat flow calculations indicate that the
heat content of thermal springs and wells in northern Cache Valley could be due to a
regionally high heat flow rather than a local, intense heat source caused by a geologically
young, cooling, shallow intrusive rock body.
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PLATE 2. Black and white reproduction of a NASA false color infrared satellite imagery
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slide. Area shown is the Cache Valley region, ldaho-Utah. The Mink Creek-Bear
River lineament is shown within the long narrow rectanguiar block drawn on the
photo. Its relationship to other features of the northern Cache Valley area is also
shown.



THERMAL SPRINGS AND WELLS AND THEIR GEOCHEMISTRY

Location and General Description

Thermal springs and wells are scattered at irreqular intervals along the Bear River
{plate 1). They occur in conjunction with various types of consolidated and unconsolidated
sedimentary rocks including travertine, limestone, quartzite, and alluvial deposits. Thermal
wells penetrate only alluvial deposits.

Most springs in the area appear to be fault related. The springs near Cleveland are
situated along a northwest linear trend on both sides of Bear River. On the west side, spring
vents {125-41E-30caa1S-38) issue from the bottom of circular pools 6 to 9 m in diameter
within travertine formations. Numerous seeps and two much smaller pools occur near the
river edge. Numerous seeps and spring vents issue from a travertine bluff overlooking Bear
River on the east. Much gas, thought to consist mostly of CO5, escapes from the riverbed,
audible for some tens of meters.

Mo fresh deposits of travertine were forming near Cleveland. The springs on the west
side issuing from pools may even be dissolving the existing travertine deposits. The waters
on the west side are much cooler (35°C) than the waters from the east hluff (66°C). Water
from the vents on the west side have been used for recreational purposes. Samples were
taken for chemical analyses from the large pools on the west side and from several vents on
the east side.

Mapie Grove Hot Springs {13S-41E-7aca15-4S) are located in an area of intense local
faulting near the shore of Oneida Narrows Reservoir. The numerous vents and seeps and the
one large pool that make up the spring system are more or less aligned with each other,
Unlike the Cleveland springs, Maple Grove waters are depositing much travertine. Gas,
probably CO-, is also being evolved. Several small, cold (10°C} mud pots near the smaller
vents at Maple Grove evolve small guantities of gas which bubbles up through the mud. The
bubbling might be interpreted by a casual observer as evidence of boiling. These waters have
been used for recreational purpeses and also for power generation as evidence by an old
Pelton wheel found below the spring on the shore of Oneida Narrows Reservoir. This may
have been the first use of geothermal water for power generation in idaho; even though the
wheel was designed to make use of kinetic energy of the flowing water, rather than its
enthalpy or heat content. Total installed capacity probably did not exceed & kilowatts (kw).

Well 145-39E-36adal, on the Bear River flood plain at Riverdale, has a surface water

temperature of 40°C and was reportedly drilled to a depth of 12.1 m. For years, water from
this well has been used for beneficial purposes in a dairy operation. Rulon F. Mitchell, a
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FIGURE 7. Idealized block diagram of the Battle Creek-Squaw hot springs area northwest of Preston in northern Cache Valiey
depicting theoretical structural control for these two spring systems. In reality, the faults depicted may represent
more broadly defined zones of faulting rather than single plane surfaces as represented on paper. It is also possible
that the two springs oceur on the same Clifton Hill boundary fault rather than on separate faults as shown. The trend
of these features are fairly well known, but the direction of movement of the Mink Creek-Bear River structural

lineament, depicted here as a fault, is unknown,
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resident of the area for 40 years, reports that snow in a 40-acre tract around the well would
melt much mare quickly than in surrounding areas.

The Clifton Hill high angle boundary faults (plate 1) may exist at Battle Creek
(Wayland) {15S-38E-8bdc1-4S) and Squaw hot springs (155-39E-17bcd 1-3S) Oriel and Platt,
1967 Peterson and Oriel, 1970; and Mabey, 1974, unpublished data). These faults may
intersect the Mink Creek-Bear River lineament near these two hot springs (plate 2 and fig.
7). The structural implications of this transverse lineament are unknown but it could
represent a strike-slip or normal fault. The controlling structure for these two hot springs
could be the intersection of the Clifton Hill high angle boundary faults with the Mink
Creek-Bear River (?} fault.

Battle Creek Hot Spring consists of one large pool about 6 m in diameter, a smalter
pool {probably a collapsed travertine structure}, numerous vents, and seeps. - This spring
system is located on the western edge of Bear River. Numerous vents are marked by gas
bubbles in the riverbed. Travertine is actively being deposited around the pool and vents of
this spring system. These waters have been used for hog carcass scalding and recreation.
Samples were taken from the two pools and two smaller vents. Cold water seeps
{temperature 6°C and total discharge 5-10 liters per minute [I/m] ) were issuing from a clay
bank just above the spring vents at Battle Creek Hot Springs. Other cold water seeps were
issuing at approximately the same elevation as the thermal vents about 40 m down river
from the thermal vents. The cold water may be seepage aleng impermeable clay layers from
an irrigation canal which runs along the bottom edge of the uppermost terrace level of the
river valley above the hot springs, or from irrigation water applied on farmlands above the
canal. Significant quantities of cold water could be mixing with the thermal water,

Squaw Hot Springs {155-39E-17bcd 1-3S) are located about 1 km south of Battie Creek
Hot Springs near the confluence of Deep Creek and Bear River. This system consists of one
well, reportedly 6.7 m deep, four other vents and several seeps. Discharge from the well
{15S8-39E-17bcd1) is depositing travertine at the end of the discharge pipe some 30 meters
from the well head, and a smail mound of travertine 1.5 m high and 3 m across the base has
been formed on the edge of Deep Creek. Only minor travertine deposition or evaporative
incrustation was evident at the well head itself, where water samples were taken. The other
vents are now only very minor depositors of travertine with small incrustations and a few
travertine-coated pebbles along discharge channels. Older travertine deposits crop out in the
immediate spring area, indicating prior deposition by the springs. Samples were taken from
the well, from a vent situated near the road, and from another vent located near the Bear
River-Deep Creek confluence. AN spring vents were evolving minor quantities of gas,
probably CO,. The well being the most prolific gas evolver, gave a false appearance of
vigorous boiling. These spring waters were formerly used for recreational purposes, and for
heating hog houses.

Spring Deposits

Spring deposits, in the form of travertine, are sparsely scattered along the course of the
Bear River {plate 1). Deposits of small areal extent occur in Gentile Valley 2.6 and 3.2 km
north and south of Thatcher on the west and east sides of Bear River. Deposits are
associated with active springs 1.2 km south of Cleveland (125-41E-30ccalS} at the southern
tip of Gentile Valley, at Maple Grove Hot Springs {135-41E-7acaiS) near Oneida Narrows
Reservoir, and at Battle Creek {155-39E-8ddc1S) and Squaw hot springs (15S-39E-17bcd 1S)
northwest of Preston in Cache Valley,
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TABLE 2
CHEMICAL ANALYSES OF THERMAL WATERS FROM THE NORTHERN CACHE VALLEY AREA

FRANKLIN COUNTY, IDAHO

{Chemical constituents in milligrams per liter)
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number & name P = o— v2 | o = 0 o 2 o @v] £ o T Z=ia jqd~ g Te] 2 a
125-40E-36acd 1S 35 1 54 2650 59.0 563 127.0 7040 00 788.0 001 632.0 22 083 340 1.3 4,148 66 3,020 8.0
36acals 33 10 52 259.0 64.0 517 137.0 7040 0.0 7550 001 533.0 1@ 037 340 12 4,199 68 2,832 75
128-41E-3 108215 66 26 B0 2080 50.0 458  98.0 7180 0.0 $330 001 5320 1¢ 011 2BO 1§ 23,228 64 2499 7.4
31edb 1S a1 50 B84 1780 500 460 1020 5760 0.0 5300 0891 5300 1.8 021 230 15 3,379 55 2324 79
31ceals 56 19 83 1720 500 460 1000 5830 0.0 5380 001 5320 19 0¥ 28 08 3,18 &5 2338 719
Maple Grove Hot Springs
135-41E .YacalS 78 20 84 85.0  30.0 492 82.0 4940 Q0 2860 001 5860 1.1 007 230 14 2809 66 1953 117
Faca2$ 72 00 85 930 29.0 501 820 4950 00 2610 002 6010 11 012 230 1.3 2979 68 1980 118
TacalS [ 935 86 93.6 250 452 800 48540 0.0 251.0 001 5840 1.0 0068 220 08 2893 58 1939 117
Ben Megk Wali
145-39E-36ada1 0 12 - 89 240 86 388 220 5120 00 130 001 3220 9§ 010 058 1.1 1,809 69 1248 172
Battle Creek Hot Springs
165382 -8bed 18 83 50 {08 1740 190 3,161 5520 6960 00 350 0.0 52410 608 011 350 76 16619 67 9326 608
8bdc2S 43 2160 107 186.0 150 3,071 5350 6970 00 290 001 50480 6.0 042 340 7.3 15439 65 9,026 1.2
8bdc35 81 _ 100 1620 19.0 30583 533.0 757.0 00 370 0.01 50340 60 028 360 7.2 15849 65 9,062 BOS5
BbaedS 84 5 97 2150 240 4,184 686.0 6100 00 330 001 697.0 64 006 530 100 18479 68 12033 722
Sguaw Hot Springs Well
185-39€-17bed t 84 7 115 124 2790 240 4388 7820 7910 0.0 350 002 73980 43 012 436 81 20458 B85 12898 674
Sguaw Hot Springs
185-398 173015 73 450 426 2410 260 3,844 B33.0 8660 00 230 €07 5390 48 006 480 97 16858 66 11396 628
17bed1S 69 140 126 1350 23.0 4,184 77080 8180 00 27.0 003 68770 43 016 420 7.3 20519 65 12082 876
Myron Fonnesbeck Wall
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Analyses by: U.S. Bureau of Reclamation



Older deposits, presumably associated with now extinct thermal or mineralized springs
are generally light gray to buff in color and very porous with remnants of iron staining still
visible in places. Circular, ledgy hiils or mounds cover only small areas. Layering is evident
but somewhat obscured by the coarse, open texture of the deposits.

Younger deposits, associated with still active springs are more massive, forming dense
ledges and terrace structures. The deposits are light yellow, buff to reddish and yellowish
brown in color from iron staining. X-ray diffraction analyses indicate the minerals calcite
and slight amounts of quartz. Deposits from Maple Grove Hot Springs {135-41E-7acal8)
contain calcite, quartz, and significant quantities of an unidentified mineral.

Geochemical Data

Major Constituents

Standard water quality chemical data from known thermal water occurrences in
northern Cache Valley are given in table 2. These analyses provide a chemical comparison of
the thermal waters in the northern Cache Valley area and were used to calculate selected
chemical-constituent ratios and to estimate aquifer temperatures.

The chemical analyses suggest the thermal waters can be divided into two. distinct
classes or types. A sodium-bicarbonate-suifate type issues from springs near Cleveland and
from Maple Grove Hot Springs near Oneida Narrows Reservoir, both in the northern part of
the study area. Sodium chloride type thermal waters found in the south contain much
greater quantities of dissolved material (12,000-13,000 mg/i) than are known in any other
part of Idaho.

They represent a potential pollution hazard should large-scale withdrawal be
attempted. The high salinity will also present engineering difficulties from corrosion,
deposition, etc. in their attempted utilization. The high dissolved solids in these thermal
waters are indicative of fluid discharging from a hot water rather than a vapor dominated
geothermal system of unknown volume.

Five general trends significant to the area’s geothermal potential are observable from
the data in table 2. These are:

1. Measured surface temperatures increase from a low of 36°C in the north to a high
of 84°C in the south near Battie Creek and Squaw hot springs.

2. Dissolved silica concentration closely follows the trend in measured surface
temperature; i.e., ingreasing from north to south.

3. Magnesium and sulfate show the opposite trend and decrease from north to south.

4. Sodium, chloride, fluoride, boron, and ammonia show an increase in
concentration in thermal waters toward the south.

5. Total dissolved solids increase toward the south.
Each of these trends indicate a likelihood of higher aguifer temperatures in the

southern part of the study area than in the north.
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Trace Metals

Trace metal analyses performed by neutron activation techniques on long half life
elements are listed in table 3. These give an insight into the likelihood of mineral extraction
from thermal waters in the area. Valuable metals are known to be associated with
geothermal brines in certain parts of the world, Knowledge of trace metal constituents is
also valuable in engineering design for hot water extraction and utilization methods. Certain
elements may represent potential pollution hazards if present in sufficient quantities.

Low concentrations of nearly all analysed trace elements are found in these thermal
waters. The highly saline springs northwest of Preston (Battle Creek and Squaw hot springs)
contain small quantities of barium (Ba} and rubidium (Rb), while the thermal springs in the
northern part of the area contained minor chromium {Cr}. Most of the thermal waters of the
area contained minor amounts of strontium, but the sample from Sguaw Hot Spring
contained 13 mg/l. Other elementa! concentrations with the exception of iron are in the

micrograms per millilter range.

| TABLE 3
TRACE METAL ANALYSES OF THERMAL WATERS
FROM THE NORTHERN CACHE VALLEY AREA
FRANKLIN COUNTY, IDAHO

{Chemical constituents in milligrams per {iter)
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125-40E-36acd 18 42 34, 0.35 1.0 .18 .21 2.6 34 0 0.1% .38
125-41E-31cac1s .5b 44, 1.0 .14 26 15 1.5 .33 12 10 26
Mapte Grove Hot Springs
135-41E-7acal$ 16 21, 5.2 19 0 4] 0 10 0 o] 4]
Ben Meek Wefl
145-39E-36acat VB3 1.3 .37 .26 .39 .03 14 0 .07 A6 A2
Battle Creek Hot Springs
155-39E-8bdc 1S 3.2 11 2.5 87 .25 26 8.0 0 o] 1.1 50
Sguaw Hot Springs Well
155-39E-171hed! 57 67 2.2 0 0 4.0 13 .38 0 2.2 .35

Analyses by: Idaho National Engineering Laboratory.
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Geochemical Thermometers and Atomic Ratios

Preliminary evaluations of geothermal systems are being successfully conducted using
geochemical thermometers. In the Raft River Valley of southeastern [daho, a geologic
environment similar to that of the northern Cache Valley area, the reliability of these
thermometers has been tested by deep drilling. The silica, and sodium-potassium-calcium
(Na-K-Ca) predicted aquifer temperatures (Young and Mitchell, 1973) and mixing model
calculations (Young and Mitchell, 1973, unpublished data) agreed very closely (within
109C) with temperatures found at depth (Kunze, 1975). This proven reliability in the Raft
River Valley gives some measure of confidence in applying the same methods to other
similar areas of the state.

The degree of reliance to be placed on a geochemical thermometer depends on many
factors. A detailed description of the basic assumptions, cautions, and limitations for these
geochemical thermometers is included in the appendix. The basic assumption is that the
chemical character of the water obtained by temperature dependent equilibrium reactions in
the thermal aquifer is conserved from the time the water leaves the aquifer until it reaches
the surface. The concentration of certain chemical constituents dissolved in the thermal
waters can, therefore, be used to estimate aquifer temperatures.

Aquifer temperatures caiculated from the silica, the WNa-K-Ca geochemical
thermometers, and mixing models, as well as the atomic ratios of selected elements found in
the thermal waters of the northern Cache Valley area are given in table 4. These were
calcutated from values of concentration found in table 2. Observations from table 4
significant to the areas of geothermal potential are:

1. Silica calculated aquifer temperatures {T{) assuming quartz equilibrium with no
steam loss (evaporative concentration of silica}l and silica calculated aguifer
temperatures {To) assuming quartz equilibrium with maximum steam loss, both
increase toward the south, following the general trend in measured surface
temperatures. Aquifer temperature predicted by assuming no steam loss and those
assuming steam loss generally agree within 10°C. This is expected at the dissolved
silica concentrations found in these waters. Predicted aquifer temperatures using
these geochemical thermometers range from 110°C in the north to the 150°C in
the southern part of the area.

2. Silica calculated aquifer temperatures (T3} assuming equilibrium with amorphous
silica are always less than measured surface temperatures by 30° to 40°C; some
predicted aquifer temperatures (those in the north} being below the freezing point
of water. This indicates that this thermometer is unreliable. These temperatures
range from -10° to 30°C,

3. The Na-K-Ca geochemical thermometer {Tg) predicts aquifer temperatures from

' 852 to 265°C with temperatures in the southern part of the area in general being

about 45°C higher than those predicted for the northern part. They are much
higher {from 150 to 200°C} than measured surface temperatures.

4, The sodium/potassium (Na/K) predicted aquifer temperatures (Tg ) are somewhat
higher for spring waters in the northern part of the study area than in the
southern part, where they agree closely with Na-K-Ca predicted aquifer
temperatures at Battle Creek and Squaw hot springs.
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TABLE 4

ESTIMATED AQUHFER TEMPERATURES AND ATOMIC RATIOS
OF SELECTED CHEMICAL CONSTITUENTS

Atomic Ratios
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Mixing model predicted temperatures assuming no steam loss {T5) and assuming
steam loss (Tg) indicate higher aguifer temperatures near Battle Creek and Squaw
hot springs in the south. Percent cold water mixed with hot (%) show no general
trends,

Na/Ca, CI/B, NH3/F, ClI/COq and Ci/S0, ratios all show an increase to higher
values in the southern part of the area near Battle Creek and Squaw hot springs.
The increase in these ratios should be observed if aguifer temperatures are higher
in the south than in the north. These ratios are distinctive for sach spring system
with the exception of the two highest temperature springs (Battle Creek and
Sguaw hot springs) northwest of Preston, where they are similar. This indicates
that the springs in the northern part of the area are from completely separate
systems while the two spring systems west of Preston may be interconnected,

Mg/Ca ratios decrease from north to south, as would be expected if higher aquifer
temperatures are t¢ be found near the southern part of the area. This ratio is
fairly low in the south, an indication of high temperature geothermal water.

The two warm wells {145-38E-36ada and 165-38E-24acd 1) located in the central
and extreme southern portion of the study area do not, in general, follow the
above trends.

BDiscussion of Geochemical Data

The silica (quartz equilibrium aquifer temperastures) in column T; table 4 most
probably represent minimal temperatures at depth for Battle Creek and Sguaw hot springs
for the following reasons:

1.

Quartz equilibrium rather than equilibrium with amaorphous sitica is suggested for
the thermal waters. Measured surface temperatures are always much higher than
amorphous sitica aquifer temperatures {column T4 table 4). The amorphous silica
geochemical thermometer predicis temperatures below the freezing point of water
in some instances. A measure of confidence can, therefore, be placed upon the
guartz equilibrium predicted aquifer temperatures.

Dilution of silica by mixing of hot water with colder ground water, or
precipitation of silica from solution would mean the quartz equilibrium predicted
aquifer temperatures would be lower than the temperatures that had actually
heen attained by the hot waters at depth.

No evidence of steam icss {evaporative concentration of silica) 1.e., dilute hot or
warm  springs {chloride concentration less than B0 mg/l) fumaroles, geyser
activity, etc. are known to exist in the area, therefore, T, would be a closer
approximation to actual aquifer temperatures than T,.

Other geochemical thermometers in Column Tg through Ty of table 4 (Na-K-Ca,

Na/K, and mixing model calculations) predict higher aguifer temperatures than
Ts.
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5. Equilibrium with other guartz pelymorphs, (tridymite or cristobalite) is not
considered likely. These polymorphs, rare in occurrence compared to quartz,
generally are associated with siliceous volcanic rocks. No siliceous volcanic rocks
are known to occur in the study area. Tridymite is known in a few instances to
occur in metamorphosed, impure limestones, and cristobalite in metamorphosed
sandstones. The geologic framework of the area would, however, suggest that the
presence of these rock types is possible.

6 Chalcedonic varieties of silica {chert, jasper, agate, etc.} could also be the
mineralized phase controlling the silica content in the thermal waters. If this is so,
then aquifer temperatures 10 to 28°C lower than guartz equilibrium aquifer
temperatures (T} would be found by deep drilling unless mixing is taking place.
Arndrsson (1970, p. 637, 1975, p. 763) reports that chalcedony generally
controis silica concentration In lcelandic thermal waters when aquifer
temperatures are below 106-110°C. Chaicedonic equilibrium aquifer temperature
calcutations result in aquifer temperatures of 115-125°9C for Battle Creek and
Squaw hot spring waters, somewhat above Arnorsson’s upper limit. Quartz
equilibrium is, therefore, indicated for these spring waters if this criteria is
applicable to northern Cache Valley. Chalcedony may be the mineraloid
controlling silica in the other springs and wells in northern Cache Valley as
chalcedony equilibrium aquifer temperatures in these waters are below 110°C.

7. The high salinity and particularly the low magnesium (Mg} content and
magnesium/calcium (Mg/Ca) ratics from Battle Creek and Squaw hot springs
indicate aguifer temperatures may be considerably above surface temperatures.
The low Mg and Mg/Ca ratios in the northern Cache Valley area contrast sharply
with those of other areas of southeastern idaho such as the Blackfoot Reservoir
area, where these values are very high and where the waters are from suspected
low temperature geothermal systems {Mitchell, 1878). The quartz equilibrium
geochemical thermometer {1}, therefore, indicates that aquifer temperatures of
at least 150°C may exist in the area of Battle Creek and Squaw hot springs.

The possibility of encountering even higher aquifer temperatures is perhaps indicated
by the other geochemical thermometers (Na-K-Ca, Na/K, and mixing models}). Because of
the likelihood of hot and cold groundwater mixing particularly at Battle Creek and Squaw
hot springs northwest of Preston, the silica temperatures of mixing (T, model 1, table 4,
and appendix} could be near the maximum aquifer temperatures at depth because:

1. The nearness of the springs 1o the Bear River suggests a high probability of
mixing.

2. Cold spring vents issuing near the hot spring vents suggest the probability of
mixing.

3. The high discharge of the springs indicate a possibility of mixing.
4. The Na-K-Ca predicted aquifer temperatures (T4} are not in agreement with the

measured surface temperatures which may indicate mixing, continued rock water
reaction, or calcium deposition,
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However, plots of chloride concentration vs. surface spring temperatures are not linear,
a condition which usually exists if mixing is taking place unless considerable conductive
cooling has occurred.

Thermodynamic calcutations, using the method of Kharaka, and others (1973)
indicates the thermal waters of the northern Cache Valley area are slightly supersaturated in
calcium with respect to the mineral calcite. This probably means minor continued
rock water reaction with respect to this mineral. This casts some doubt on the validity of
the Na-K.Ca calculated aquifer temperatures and caution is advised in accepting them and
Na/K as highest probable temperatures.

Table 5 summarizes the aquifer temperature indicators for the two highest temperature
spring systems in the northern Cache Valley area,

Table 5 shows only two temperature indicators suggesting that the thermal
waters in the northern Cache Valley area northwest of Preston may never have been very
hot {greater than about 100°C). The other geochemical thermometers or indicators (12 in
number) indicate hotter waters, perhaps as high as 150°C may exist in the northern Cache
Valley area northwest of Preston.

TABLE b
SUMMARY OF GEOCHEMICAL INDICATORS FOR BATTLE CREEK
{155-39E-8bcd15-4S) AND SQUAW (15S-39E-17bdd 1S-3S) HOT SPRINGS
NORTHWEST OF PRESTON IN THE NORTHERN CACHE VALLEY AREA

Indicators of High Temperature indicators of Low Temperature
Moderate to high sifica 1. Travertine deposits at some spring
Low Mg, Mg/Ca ratio vents or well discharge orifice
High Ca/F ratio

High CI/F ratio 2. Absence of siliceous sinter

High Na/Ca ratio

High CI/HCO3 + CO3 ratio

High Na-K-Ca temperature prediction

High discharge indicates equilibrium

Or mixing

10. High total dissolved solids

11. High predicted mixing mode! temperatures
12. Relatively high geothermal gradient

N PHWN =

The fact that high and low temperature indicators both are found in the area is most
easily explained by assuming the low temperature indicators (travertine deposition, lack of
siticeous sinter}) are erroneous. They could be the result of mixing of hot and cold
groundwaters, contact of the thermal water with limestone in the subsurface, loss of CO,
gas, or combinations of these factors, The abundant limestones making up much of the

27



geologic framework of the area suggests, along with thermodynamic calculations, that the
waters could have dissolved minor amounts of limestone due to conductive cooling and pH
changes. The major bulk of evidence supports the fact that high-temperature water is to be
found at depth northwest of Preston in northern Cache Valley. The estimated aquifer
temperatures in the northern Cache Valley area may not exceed those predicted by the
quartz equilibrium geochemical thermometer. However, if the sampled water is a mixture of
cold, shallow ground or river water with deeper geothermal water, then aquifer temperatures
as high as those predicted by mixing model T may be encountered by deep drilling.
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CONCLUSIONS

The available gravity data for the northern Cache Valley area does not reveal any
density anomalies that appear to be related to a primary, high intensity heat source in the
subsurface. The gravity and geologic data indicate that all of the hot springs in northern
Cache Valley are associated with normal faulting. These data, together with few expaosed
igneous rocks, lead to the conclusion that a local, primary, shallow, high-intensity heat
source may be lacking, The springs probably represent a classic U-shaped deep circulation
system whereby meteoric waters descend along fauit planes to depths where the waters are
heated by the increasing temperature of the rock with depth (geothermal gradient}. The
heated waters, due to decreased density, then rise along other faults to the surface. During
this rise, steam may form, cooling the thermal waters. Steam and hot water remix and/or
mix with cold groundwater and finally emerge as a thermal spring. The volume of water and
steam produced from such a density drive system could range from what is now being
discharged by the springs to tens of thousands of liters per minute, depending on geologic
and hydrologic conditions.

The high total dissclved solids are indicative of water ascending fram a hot water rather
than a dry steam aquifer or reservoir. The atomic ratios of elements found in the thermal
waters indicate the thermal waters in the northern part of the area are from separate
geothermal systems while those from Battle Creek and Squaw hot springs may be from the
same aquifer or reservoir,

The geochemical data and surface temperatures indicate that the hottest waters are to
be found near Battle Creek and Squaw hot springs, 3 to 4 km northwest of the town of
Preston. Aquifer or subsurface temperatures near 150°C are likely to be found in the area; if
mixing of hot and cold groundwaters is taking place then temperatures approaching 2269C
may be found, provided, that quartz is the mineral contralling silica concentration in these
waters. Temperatures of this magnitude would be sufficient to produce electrical power, |f
chalcedony is the mineraloid controiling silica concentration in these waters, then they are
probably from an aquifer or reservoir of 125°C maximum temperattre. Temperatures of
this magnitude would be sufficient to have many industrial applications. These industrial
applications could include: evaporation in sugar refining, fresh water distillation, drying and
curing of light aggregate prefabricated cement slabs, hay and grain and other organic
materials drying, space heating, greenhouse horticulture, refrigeration, animal husbandry,
mushroom growing, and soil warming far increased crop production,
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The highly saline waters may challenge engineers who work toward their utilization.
Activities related to the large-scale withdrawal and use of these waters must be very
carefully monitored. Coaperation between water users, state and local officials is necessary
to avoid potential thermal and satine poliution, which could be a danger due to the higher
temperatures and salinity of these waters should large-scale withdrawal be attempted.

RECOMMENDATIONS

The thermal waters in the northern Cache Valley area have a high dissolved solid
content. induced resistivity or audio-magnetotelluric (AMT) surveys might define the areal
extent and depth of any thermal water reservoir or aquifer within equipment limits of depth
penetration.

Several heat flux profile lines utilizing five to ten 150-meter deep drill holes to escape
irrigation effects should be considered in a further evaluation of the thermal anomaly. The
heat flow study and gradient measurements should help to further define the areal extent, as
well as the theoretical depth to hot water of a given temperature.

More detailed gravity data would more firmly establish the presence or absence of a
high-intensity heat source at depth and shed more light on possible fault control of the
geothermal systems, particularly the Mink Creek-Bear River lineament.

Seismic listening should give some indication of depth to and location of movement
atong fault planes, as well as provide information on possible magmatic activity at depth.

Any further evaluation of the geothermal potential of the northern Cache Valley area
should contain these elements of data collection.
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GEOCHEMICAL THERMOMETERS

" Young and Mitchell (1973) gave a brief review of the then available geochemical

thermometers. Their summary is as follows:

“Summary of Geochemical
Thermometers Available

In recent years the concentrations of
certain chemical constituents dissolved in
thermal waters have been used to estimate
water temperatures in the thermal aquifer.
However, these geochemical thermometers
are useful only if the geothermal system is
of the more common hot-water type rather
than of the vapor-dominated or steam type,
none of which is known 1o occur in Idaho.

Geochemical thermometers that are
useful in  describing and  evaluating
geothermal systems (excluding the
sodium-potassium-calcium  thermometer)
have been summarized by White (1970}
Part of his summary is as follows:

‘Chemical indicators of subsurface temperatures
in hot-water systems.

Indicator Comments
1) SiOy content Best of indicators; assumes quartz eqguilibrium at high
temperature, with no dilution or precipitation after cooling.
2) Na/K Generally significant for ratios between 20/1 to 8/1 and for

some systems outside these limits, see text,

3) Caand HCO 3 contents

Qualitatively useful for near-neutral waters, solubility of

CaCO5 inversely related to subsurface temperatures, see text
and ELLIS 1970}

4} Mg; Mg/Ca Low values indicate high subsurface temperature, and vice
versa.

5) *ER *® XA

6) Na/Ca High ratios may indicate high temperatures (MAHON 1970)

7} CI/HCO3 + COg

8) Ci/F

but not for high-Ca brines; less direct than 3?

Highest ratios in related waters indicate highest subsurtface
temperatures {FOURNIER, TRUESDELL 1970} and wvice
versa

High ratios may indicate high temperature (MAHON, 1970}

but Ca content (as controlled by pH and 0032" contents}
prevents guantitative application.
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9} LR *xE

10} Sinter deposits

Reliable

indicator of subsurface temperatures {now or

formerly} > 180°C

11} Travertine deposits

Sirong

indicator of fow subsurface temperatures unless

bicarbonate waters have contacted limestone after cooling.’

The general principles and assumptions
on which the wuse of geochemical
thermometers {White, 1970} is based are:
{1} the chemical reactions controlling the
amount of a chemical constituent taken
into solution by hot water are temperature
dependent; (2} an adequate supply of these
chemical constituents is present in the
aquifer. (3) chemical equilibrium has been
established between the hot water and the
specific aquifer minerais which supply the
chemica! constituents; (4} hot water from
the aguifer flows rapidly fo the surface;
and (5} the chemical composition of the
hot water does not change as it ascends
from the aquifer to the surface.

The fact that these principles and
assumptions more often than not can not
readily be verified in a field situation
requires that the concept of geochemical
thermometers be applied with caution and
in full recognition of the uncertainties
involved., With that understanding,
geochemical thermometers provide a useful
point of departure for reconnaissance
screening and provisional evaluation of
thermal areas.

Silica Geochemical Thermometer

The silica method of estimating aquifer
temperatures (Fournier and Rowe, 1966)
appears to be the most accurate and useful
proposed to date. Experimental evidence
has established that the solubility of silica
in water is most commonly a function of
temperature and the silica species being
dissolved, (fig 1)

Practical use of the silica geochemical
thermometer assumes that there is
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equilibration of dissolved silica with quartz
minerals in high-temperature aquifers and
that the equilibrium composition is largely
preserved in  the silica-bearing thermal
waters during their ascent to the surface.
White (1970) stated that while equilibrium
is generally attained at high aquifer
temperatures, silica may precipitate rapidly
as waters cool to about 180°C and,
therefore, the silica method commonly fails
to predict actual aquifer temperatures
much above 180°C. The rate of
precipttation of silica decreases rapidly as
the temperature cools below 180°C.

7001

500¢

5001

40GF

SILICA PPM

300F
200}

100

G B0 100 150 200 250 300

TEMPERATURE °C

Figure 1. Silica concentration in geothermal
water vs. estimated temperature of last
equilibration. Curve A applies to waters
cooled entirely by heat conduction. Curve
B applies to waters cooled entirely by
adiabatic expansion at constant enthalpy.
(From Fournier and Rowe, 1966.)




White (1970} also cautioned against
using the sifica geochemical thermometer in
acid waters which have a low chloride
concentration, because at temperatures
near or below 100°C these waters are
actively decomposing silicate minerals and
thereby releasing highly soluble amorphous
Si05. In this case, the basic assumption of
equilibration with quartz would be
rendered invalid.

The Sodium-Potassium and
Sadium-Potassivm-Calciurm
Geochemical Thermomsters

The sodium-potassium {Na/K)
geochemical thermometer plots the log of
the atomic ratios of Na/K against the
reciprocal of the absolute temperature.
White {(1870) stated that ratios are of
general significance only in the ratio range
between 8/1 and 20/1. He also reported
that Na/K temperatures are not significant
for most acid waters, although a few
acid-sulfate-chloride waters vieid
reasonable temperatures. Fournier and
Truesdell {1873} point out that Ca enters
into silicate reactions in competition with
Na and K and the amount of Ca in solution
is greatly dependent upon carbonate
equilibria. Calecium concentration from
carbonates decreases as temperature
increases, and may increase or decrease as
the partial pressure of carbon dioxide
ingreases, depending on pH considerations,
Therefore, the Na/K ratioc should not be
used for npurposes of geochemical
thermometry when partial pressures of
carbon dioxide are large, as higher carbon
dioxide partial pressures may permit more
Ca to remain in solution and consequently
a smaller Na/K ratio. Fournier and

Truesdeil {1973) suggest that this ratio
should not be used when theMga/Mpng
{square root of molar concentration of
calcium/molar concentration of sodiumj} is
greater than 1.

The sodium-potassium-calcium
{(Na-K-Ca) geochemical  thermometer
devised by Fournier and Truesdell {1973) is
a method of estimating aquifer
temperatures based on  the molar
concentrations of Na, K, and Ca in natural
thermal waters, Accumulated evidence
suggests that thermal, calcium-rich waters
do not give reasonable temperature
estimates using Na/K atomic ratios alone,
and that the Ca concentration must be
given consideration, '

Fournier and TruesdeH (1973} showed
that molar concentrations of Na-K-Ca for
most geothermal waters -cluster near a
straight line when plotted as the function
log K* = log (Na/K} + ¢ log (/CalNa)
versus the reciprocal of the absolute
temperature, where § is either 1/3 or 4/3,
depending upon whether the waters
equilibrated above or below about 100°C
and where K* is an equilibrium constant,
For most waters they tested, the Na-K-Ca
method gave better results than the Na/K
method. It is generally believed that the
Na-K-Ca geochemical thermometer will give
better results for calcium-rich environments
provided calcium carbonate has not been
deposited after the water has left the
aquifer. Where calcium carbonate has been
deposited, the NaK-Ca geochemical
therrmometer may give anomalously high
aguifer  temperatures. Fournier and
Truesdelt (1973) caution against using the
Na-K-Ca gecchemical thermometer in acid
waters that are low in chloride.”

Dilution Effects, the Use of the Geochemical Thermometers

and Mixing Models

Ditution effects caused by mixing of thermal with nonthermal waters can be a cause of
erroneous temperature estimates. Cool groundwaters containing low silica concentrations
that mix with thermal waters rich in sifica would effectively lower the silica concentration
of the thermal water, and a lower aquifer temperature would be indicated. Generally, the
possible effect of both dilution and enrichment of thermal waters on the temperature
caleulated using any geochemical thermometer must be considered.
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Fournier, White and Truesdell {1974) suggested several starting assumptions to apply to
the interpretation of chemical data from hot springs and wells where little information on
hydrologic conditions is available. They emphasized that these assumptions are not hard,
fast rules applicable to every situation. Their recommended procedures are based on: (1) the
discharge of the spring or well, and (2} the recorded surface temperature, as outlined below.

Small Discharge

Large Discharge

Assume mostly conductive cooling.

Assume steam loss {adiabatic cocling).

Boiling  Apply chemical indicators assuming Assume maximum steam loss, apply
Springs  little or no steam loss {adiabetic geochemical thermometers according-
cooling). Iy,
Probably no clearcut interpretation. Assume no conductive cooling. Geo-
May be (1) water that has never been chemical thermometers, particularly
Springs  very hot, {2) mixed water from Na-K-Ca, if within £+ 259C of
below different sources at different tempera- measured surface temperature may be
boiling tures, {3) hot water cocled by con- suggestive of equitibrium conditions.

duction. Indicated temperatures most
likely, minimum.

Higher indicated temperatures sug-
gests a mixed water.

Small discharge was defined to be less than 200 1/min for single isolated spring, and 20
1/min for single spring vents of larger groups.

Fournier and Truesdell {(1974) have developed a method of testing thermal waters to
determine if mixing may be taking place. They maintain that mixing should be suspect
where: (1) regular variations in surface temperatures with chloride, boron, or other
nonreactive chemical constituents from several springs of an area are observed, (2} the
Na-K-Ca geochemical thermometer indicates nonequilibrium conditions {Na-K-Ca indicated
temperatures varies from the observed surface temperature by more than 20°C).

Under ideal conditions, Fournier and Truesdell’s mixing models allow prediction of the
temperature of the hot water before mixing. The models assume that the enthalpy (heat
content - H.) of the cold water multiplied by the fraction of cold water {X) plus the
enthalpy of the hot water (Hy) multiplied by the fraction of the hot water {1-X) is equal to
the enthalpy of the emerging spring water (Hspg).'Stated mathematically:

{Hc)(x)"'(Hh){?‘x)mHspg (1)
Similarly,
{Sic)(X)'I'(Sih}{T')‘:):Sispg (2)

Where Sic is the silica content of cold spring, Sigpg is the silica content of the hot spring
water and Siy, is the enthalpy value for silica in hot water {table 1- equation 5). Equations 1
and 2 are each solved for the unknown X by simple algebraic rearrangement 1o give
equations 3 and 4.

Fournier and Truesdell’s suggested graphical method of solution for mixing model 1, in
which the enthalpy of the hot water plus separated steam which heats cold water is the same
as the initial enthalpy of hot water before steam separates (no steam loss by system; hence,
no evaporative concentration), is as foliows:
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Assume a series of values of tempera-
ture of hot water and using this
corresponding enthalpy values listed in
table 1 calculate Xt for each one, using
equation 3.

x = {Enthalpy of hot water)-{temp of warm spg}
i {Enthalpy of hot water)-{temp of cold spg)

(3}

Plot the calculated values of X; vs. the
assumed temperatures from which the
hot water enthalpy values were de-
rived. (See fig. 2, curve A for sample
plot.)

Using a series of silica contents of hot
water appropriate for the temperatures
listed in table 1 evaluate Xg; for each
silica content using equation 4.

_ [Silica in hot water) - (Silica in warm spg}
Si” |Silica in hot water) . (Silica in coid spg}

On the same graph previously used,
plot the calculated values of Xg; vs.
the temperatures for which the silica
contents were obtained (see fig. 2,
curve B).”

Table 17

Enthaplies of liquid water and quartz
solubilities at selected temperatures
and at pressures appropriate for steam
and liquid water to coexist. Enthalpies
from Keenan et al. (1969). Quartz
solubilities at and below 225°C from
Morey et al. (1962); above 225°C
from unpublished data of R. Q.
Fournier.

Temperature Enthalpy Silica
oc cal/gm ppm
50 50.0 13.5
75 75.0 26.6
100 100.1 48
125 1254 80
150 151.0 125
175 177.0 185
200 203.6 265
225 230.9 3656
250 259.2 486
275 289.0 614
300 321.0 692

1Table from Fournier and Truesdell, 1874.

Table 2 gives the calculated X; and Xgj values at selected temperatures and silica
concentrations for this mixing model from sampled springs and wells in the northern Cache
Valley area.

The intersection of the two curves represent the percent of cold water mixing with the
hot (read directly below ‘intersection point on the horizontal axis of the graph) and the
temperature of the hot water component befare mixing (read on the vertical axis of the
graph directly to the left of the intersection point).

Their solution for mixing model 2, in which the enthalpy of hot water in the zone of
mixing is less than the enthalpy of the hot water at depth, due to escape of steam during
ascent is as follows:

llT.

Use the atmospheric boiling temperature for the value of Hy, in equation 2 and
caiculate the corresponding value of X.

Use that value of X in equation 3 to estimate the residual silica content of the hot
water at tg.

Use the calculated residual silica content and curve A of Fournier and Rowe

(1966, fig. 5} to estimate the original subsurface temperature before separation of

steam. Curve A of Fournier and Rowe is roughly approximated by the equation

1522
top 273

where C is the silica concentration, and t is temperature in degrees Celsius.”

-logC = -5.75" {5}
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S FIGURE 2, Fraction of cold water relative to temperature for well 155-39E-17bcd1.
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TABLE 2

X¢ AND Xg; VALUES AT SPECIFIED TEMPERATURES AND S1LICA CONCENTRATIONS

{Temperaturas 0C)

FOR THERMAL WATERS OF THE NORTHERN CACHE VALLEY AREA

Spring No. 125-41E-3Tcacis

Syrface temperature = G5
Silica = 60 mg/!

Background silica = 36 ma/!
Backgraund temperature = 129
Boiling temperature = 95°

T X, Xg;

75 ¢.143 -
108 387 -
125 524 q.478
180 812 TEZ
175 873 B33
200 LFE 591
225 L7083 824
28 782 844
278 805 887
360 B2h 862

Temperature of unmixed hol water = 132°,
Parcent of cold water = 54,

Spring No. 125-41E-3Tedb1§

Surfave temperature = §19
Sitica = 654 mg/

Background silica = 35 mg/i
Background termperature = 129
Boiling temperature = 95°

T Xt Xgi

75 0.222 -
100 444 -
125 BeE 0.388
150 BE7 E78
175 i} Bo7
200 J744 874
235 i H12
250 .802 835
375 823 950
300 841 956

Temperature of unmixed hot water = 148%,
Percent of cald water = 63,

Spring Mo, 128-41E-31ccais

Surface temperature = B5°
Sificas ~ 63 mg/l

Background silice = 35 mofl
Backpround tervperatyre = 129
Boiling tempsraturs = §5°

T Xy Xg;

78 0.302
100 B0 .
125 612 0.417
150 583 B89
175 JFR3 813
200 N 878
225 7989 815
250 822 8z7
275 841 BB7
300 888 857

Femperature of unmixed hot water » 1489,
Percent of coid water = B8,

Spring No. 128-40E-36acd18

Surfage tempersatlre = 36°
Silics - B4 my/i

Backeround silics = 35 mog/)
Background temiperature = 129
Bailing temperaters = 959

T K¢ Xgy

5 0.635 -
g it -
12% ic¥g {(3.604
150 B35 789
175 BB 873
TG0 BEG 517
225 895 842
250 10 ¥y 887
275 B17 067
200 936 9N

Temperaturs of unmixed hot water = 1699,
Parcent of cold water = 85,

Spring Mo, 125-40E-36Gaca1s

Surfacs temperature = 33°
Siliza = 52 mafi

Background siliza = 35 mg/|
Buskground temperature = 120
Boiling termperature = 859

T Xy X5

7E 0.667 B
100 v -
128 R:xie 0,648
150 B44 BN
175 873 BR7
200 880 828
225 904 948
250 915 982
275 924 971
300 037 974

Temperaturs of unmixed hot water = 1889,
Pereent of cold water = 86.

Spring No. 138-41E-7aca 15

Surtace tempersture = 789
Sitica = 84 mgf!

Background sitica = 3% mg/l
Background termperature = 12°
Boifing temperature = 95%

T X, Xg;

75 - -
100 0,283
125 418 -
150 825 0,456
178 600 673
200 656 787
225 R B2
50 233 B850
275 782 Rorhoy
300 78S 825

Temperature of uamixed hot water = 1820,
Percent of cold water = 56.
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Table 2, X; and Xg; Values at Specified Temperatures and Silica Concentrations for Thermal Waters of the Northern Cache Valley Area {Continued}

{Temperatures 9C}

Spring No. 138-41E-7aca28

Surface temperature = 720
Silica = 85 mg/|

Background silica = 356 mg/l
Background temperature = 129
Boiling temperature = 95°

Well No. 145-39E-36ada’l

Surface temperatura = 40°
Silica = 89 mg/!

Background silica = 35 ma/l
Background temperature = 12°
Boiling temperature = 952

Spring No. 155-39E-Bbdc2S

Surface temperature = 43%
Silica = 107 mg/|

Background silica = 35 mg/l
Background temperature = 129
Boiling temperature = 950

T X X

75 0.048 -
00 .319 -
125 471 -
150 .568 0.444
175 636 667
200 687 783
225 726 348
250 .187 -888
275 783 914
360 .B06 924

Temperature of uamixed hot water = 1700,

T Xy Xgi

75 0.556 -
100 .682 -
125 .763 -
150 L7989 0.400
175 .830 640
200 .854 765
225 872 .836
250 .887 .879
275 .899 807
300 008 918

Temperature of unmixed hot water = 262°.

T Xt Xsi

75 0.508 .
100 648 .
125 727 :
160 i 0.200
175 812 520
200 .838 587
205 ‘858 ‘782
250 875 839
275 838 876
300 900 .880

Hot water temperature calculation

Percent of cold water = 62.

Spring No. 138-41E-7acals

Surface temperature = 60°
Silica = 86 mg/|

Background silica = 35 g/t
Background ternperature = 129
Boiling temperature = 95°

Percant of cold water = 89.

Spring No. 158-39E.8bdci1S

Surface temperature = 82°
Silica = 109 mg/i

Background silica = 35 mg/(
Background temperature = 120
Boiling termperature = 95°

possible.

Spring No. 1558-39E-8bdc3S

Surface ternperature = 81°
Silica = 109 mg/

Background sitica = 35 mg/l
Background temperature = 129
Boiting temperature = 95°

75 0.238 -
100 .455 -
125 877 -
360 .B55 0.433
175 708 -660
200 749 778
225 .181 .845
250 .806 -886
275 .827 212
300 .845 522

Temperature of unmixed hot water = 180°.
Percent of cold water = 73,

T X Xgj

75 - -
100 0.205 -
125 .383 -
150 .496 0.178
175 576 507
200 .635 678
225 .680 776
250 17 .834
275 747 .872
300 773 .887

Temperature of unmixed hot water = 190°.
Percent of cold water = 61.

T Xy Xs;

75 - -
100 o.217 -
125 392 -
150 504 0.178
175 582 .507
200 .640 678
225 .685 776
250 721 .834
275 751 872
300 T77 .887

Temperature of unmixed hot water = 191°.
Percent of cold water = 62.



Well No. 158-39E-17bed1

Surface temperature = 84°
Silica = 124 mg/|

Background silica = 35 mg/l
Background temperature = 129
Boiling temperature = 959

T Xy Xgi

75 - -
100 0,183 .
125 .365 -
150 482 0.011
175 .564 407
200 624 613
225 671 730
250 709 .800
275 740 846
300 767 865

Temperature of unmixed hot water = 203°
Percent of cold water = 63.

Spring No. 155-39E-17acc18

Surface temperature = 739
Silica = 128 mg/|

Background silica = 35 mg/I
Background temperature = 129
Boiling temperature = 95°

T X, Xg;
75 0.032
100 .308
125 462
150 .561 -
175 630 0.393
200 682 604
225 72 724
250 .753 796
275 .780 843
300 .803 .861

Temperature of unmixed hot water = 2249,
Percent of cold water = 71.

Ly

Spring No. 153-39E-17bcd15

Surface temperature = 69°
Silica = 126 mg/|

Background sifica = 35 mg/|
Background temperature = 129
Boiling temperature = 95°

T Xy Xgi
75 0,085
100 353
125 497
150 590
175 655 0.393
200 .703 604
225 . TAD 724
250 .768 796
275 794 .B43
300 816 .861

Temperature of unmixed hot water = 2349,
Percent of cold water = 75.

Well No. 165-38E-24acd?

Surface temperature = 239
Silica = 74 mg/l

Background silica = 36 mgft
Background temperature = 129
Boiling temperature = 95°

T Xy Xgj
75 0.825

100 875

125 003 o.188
150 821 667
175 933 740
200 .943 .830
225 850 882
250 956 813
275 .960 933
300 .964 841

Hot water temperature calculation not
possible.

Spring No. 158-39E-8bcd48

Surface temperature = 84°
Silica = 97 mg/l

Background sifica = 35 mg/|
Background temperature = 1
Boiling temperature = 959

T X¢ Xg;
75 - -
100 0.183 -
1256 .365 -
150 .482 0.311
175 .564 .587
200 624 .730
225 671 812
250 .709 .861
275 .740 .893
360 767 906

Temperature of unmixed hot water = 1720,
Percent of cold water = 55,
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Alfuvium snd Colfuvium
Includes une i - dnd
terrace gravels, unc i Lake B fe Group
wediments of Pleistocene age, Pleistocens Main Canyon
formation and Pleistocene hill wash and colluvium,
unsorted, unconsolidated deposits containing biocks of
Swan Peak quartzite, Brigham quartzite, and Worm Creek
quavtzite and locally Fith Haven dolomite and Garden City
d during Pl time.

77777,
/)"/"%

Tufs
[travertine]
Holocene o Plestocens (7] calcium carbonate, porous to
spongy, white, buff, and yellowish; deposited by
mineralized springs.

Gem Valley Basaft®
Dark to very dark-gray fine- to medium crystalline, vesicular,
porphyritic, and coarsely crystaliine massive olivine basait;
pillow basalt with palagonite rims is presant locally;
basaltic cinder

"-".-rﬁ"'""‘ =
pr Ty

Salt Lake Formation

Includes eroded surface of Salt- Lake formation cut by waves
deuring the Bonnevilie stage, tuffaceous calcarious siltstane,
claystone, sandstone, and congfomerate, very light gray to
white; fine grained rocks very thinly laminated to thinly
bedded, coarser rocks in mediumn to thick beds and lenses,
grades into diamictite nex exposuras of Palecroic rocks
Some of these rocks may be older than Pliocens.

Lodgepols Limestons

L , medium-gray, thin- to : Y

bioclastic and coquinoid to very finely crystalline

| g layers of dark-gray cher.
200 to 260 meters thick were completa.

VIEALLLL LY
oy

Bairdneau Formation
Upper part: thinly interbedded calcitic d and
dolomitic limestone that are finely laminated and light to
dark gray, includes the “contact ledge limestone™ of
Williams (1948, p. 1141), a medium-bedded to massive

gray aphanitic to finely cr ine cliff-forming i

that same bi ic layers, especially ot top.
Lower part: silty li . sandy i . cal

quartz I quartz in thin

to medium, gray, tan, and pink beds; includes resistant
layers of very light gray, very finely crystalline limestone.
260 meters thick,

Hyrum Dolomite
Dolomite, thin: to medium-bedded, finely laminated,
dark-blue-gray, weathering dull brown, finely to very
finaly cry line, lifs lling; i
numerous beds of light-gray thin. to thick-bedded
dolomite and some thin beds of light-gray subaphanitic
limestone. Thins southward from 500 to 335 meters

=

i I

Water Canyon Formation

Upper part: dium-bedded fium-grained light-brown
crossbedded sandstone,

Lower part: light.gray medium- to thin-bedded very fine
grained silty dolomite that westhers to grayish pink and
orangs pink.

About 1 L0 merfers thick.

Laketown Dolomite

Dolomite, very light- 1o medium-gray, weathering white,
finely to very finely crystalline, in medium to thick beds;
{udes some ly cry ing beds and some coarsely
bioclastic, largely coralline, beds. 375 ra 470 meters thick.
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o
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Fish Haven Dolomite
Dolomite, dark-gray, weathering dull brown, fetid, very
finely to finely crystafine, thin: 1o medium-bedded;
contains recrystallized ghosts of fossils and some silicified
brachiopods; unit includes beds of very light gray
dolomite and dark-gray chert: lower part may be Middle
Ordovician. 135 meters thick.

On

Swan Peak Quartzite

Quartzite, buff, wn, pink, and light-gray, very fine- to
fine-grained, well-sorted, medium-bedded to massive; some
thin beds of red thering  porous d Thins
southeastward from 375 to 200 meters

Garden City Limestone
D ite, ystalline, dium-gray, and dark-gray
thin: to medium-bedded chert; grades downward into
dark-gray thin: to medium-bedded limestone with coarsely
bioclastic, oolitic, and
beds and a few chert layers. 395 merers thick,

St. Charles Limestone

£35c, upper part: , light- to med gray and brown,

maostly medium-bedded but includes thin and thick finely

crystolline  beds, with layers of intraformational

and chert; includes an upper unit of thin- to

medium-bedded dark-gray limestone with dolomite
interbeds. Thins southeastward from 275 to 185 meters

€sw, Worm Creek Quartzite Member: vitreous quartzite and
white 1o pink quartzitic arkose that form ledges and cliffs,
grading downward to less resistant quartsite, sandy
dolomite, dolomite, and arkosic quartzite, Quartzite and
arkose are light gray, pnk, and tan, medium 1o thick
bedded, partly crossbedded, fine to medium grained;
dalomite is light to medium gray, medium to thin bedded,
finely to medium crystalline. Thins southeastward from
275 to 60 meters

Open~ile, 1968
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Nounan Limestone
Dolomite, medium: to light-gray and blus-gray, thin-bedded,
medium to coarsely crystalline; includes units of banded
thin- to medium-bedded dark-gray silty limestone,
talcareous  quartz d and i
intrafor ional | ate. Thickens southeastward
from 205 to 305 meters.

Bloomington Formation

Mainly shaly mi green and clays ; some
intarbeds of butf and light-gray, tan- to brown-weathering,
locally quartzitic siltstone and very fine grained sandstone,
Oolitic limestone and silty limestone beds moderately
abundant in upper part; aphanitic nodular and
concretionary light-gray to pale-green limestone and partly
oolitic, partly intrafor ional gh atic |
interbads in middle and lower parts. Thins southaastward
from 305 to 265 meters.

Blacksmith Limestone
Limestone, medium-gray to buff, mainly medium: to
thick-bedded, finely to coarsely cyrstalline; colites are
abundant in some beds, recrystallized fossil shell relics in
others; many of the thicker beds are thinly laminated.
Thins mu_l:huntmrd from 275 to 220 meters but may, as
mapped, include in some places thinbedded limestones
more properly assigned to the underlying Ute Limestone

Uta and Langston Formations
and equivalent strata

£sh, shale: mainly green mudstone with interbeds of blac
mudstone and light- to madium-gray H ly
hoes a basal unit of black cf Thins

from 120 meters to interbads in mainly carbonate units,

€u, Ute Limestone: thin- to medium-bedded medium-gray
limestone with silty mottles and layers and thin shale
interbeds; silty layers weather pink, tan, and yellow. 50 fo
150 meters thick.

€11, limestone equivalent to the Langsten Formation: mainly
light- to dark-gray medium- to thick-bedded oolitic and
Girvanella-bearing limestone with thin interbeds of green
mudstone and locally, tan, sandstone that weathers red.
90 to 120 merters thick,

€ls, limestone end shale equivalent to the Langston
Formation: vanable proportions of limestone, like that in
unit €11, and shale, like that in unit £ah, ranging from
thinly interbedded to units of moderate thickness. 90 ro
120 meters thick,

€id, Langston Formstion: dominantly very light gray
thick-bedded 1o massive coarsely crystalline dolomite that
waathers pale red to yellowish-brown; includes units of
thin-bedded very fine grained dark: to bluish.gray
limestone and green mudstone. About 720 rrefers thick

Brigham Quartzite

£pEb, guartzite, poorly sorted, very fine to very coarse
grained, partly conglomeratic white, tan, bull, purple,
pink, and gray: contains units of green, tan, and brown
phyllite and phyllitic argillita in upper part and mainly
gray schistosa phyllite in lower part. About 3040 merers
thick

pa,  purple  argillite:  thinly bedded and lsminated
reddish-purple and reddish-maroon micaceous argillite and
quartzitic siltstone with some green and tan silt partings
and green mottling. Argillite is about 105 meters thick
1,825 o 2,130 meters below the top of the formation,

Bannock Range Rocks

Exposad at Clifron Hill, northwest of Preston, and in the

Bannock Range, west of the qusdrangle, Neither the

nor the thi of the units has been
ascartained.

Quartzite and Limestone

Mainl_v gray, pink, and green poorly sorted quartzite with
thin units of dark-gray fine to madium-grained
medium-bedded limestone.
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Quartzite

Medium- to light-gray, pink, and green  poorly  sorted
quartzite

Matadiabase

Medium to coarsely crystalline diabase with albitized
plagioclase, hornblende, biotite, a matrix of chiorite and
sericite, and clusters of radiating actinolite crystals.

Metagraywacke
Very poorly sorted detrital rock, ranging from muddy
to sandy d with clasts of guartz,

quartzite, feldspar, and diabase in a partly actinolitic
matrix of chlorite, sericite, and, locally, epidote sheared
and mylonitized in places,

e

Slate
Partly phyllitic dark- to greenish-gray slate composed of
f matrix mi I
9 1 2 ? Miken
o [ 12 A8 Kilometers
Contact

Approximately located.

Fault
Approximately located. Dotted where concealed.

2
g -+ @
Inclined Vertical Haorizontal

Strike and dip of beds.

%
Gravel pit.

*“Units newly defined by Bright (1967)
Modifications in italics
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