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PREFACE

by J. Wallace Gwynn
Chief, Research Section, UGMS

Under contract with the U. 8. Department of Energy (DOE}, the Utah Geological and
Mineral Survey (UGMS) has been conducting research to advance the utilization of low
temperature geothermal heat in the state of Utah. Activities related to the contract (origin-

ally EG-77-8-07-1679 but later changed to DE-ASO7-77ET28393) began on July 1, 1977
and will continue into 1980,

This work, on the Midway Hot Springs area, was done by James F. Kohler, in partial
fullillment of the requirements for a Master of Science degree in Geology, at Utah State
University at Logan, Utah. Mr. Kohler is presently with the Conservation Division of the
U. 8. G. S, in Salt Lake City, Utah. The four geothermal gradient wells drilled for this
investigation were financed by the U. §. Department of Energy through the Utah Geo-

logical and Mineral Survey contract.
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ABSTRACT

Recent awareness of the finite nature of fossil-fuel resources has resulted in an increased interest

in alternate sources of energy such as geothermal. To evaluate the geothermal energy potential of the
hot springs system near Midway, Wasatch Co., Utah, consideration was given to heat flow, water

chemistry, and structural controls.

Abnormal heat flow was indicated qualitatively by snow-melt patterns and quantitatively by

heat-flow measurements that were obtained from two of four temperature-gradient wells drilled in the
area. These measurements indicated that the area north of the town of Midway is characterized by
heat flow equal to 321.75 mmez, which is over four times the value generally considered as “‘nor-

mal” heat flow.

Chemical analyses of water from six selected thermal springs and wells were used in conjunction
with the silica and Na-K-Ca geothermometers to estimate the reservoir temmperature of the thermal
system, Because the calculated temperature was more than 25°C above the maximum observed temp-
erature, a mixing model calculation was used to project an upper limit for the reservoir temperature.

Based on these calculations, the system has a reservoir temperature ranging from 46 to 125°C.

Structural information obtained from published geologic maps of the area and from an unpub-

lished gravity survey, enabled two models to be developed for the system. The first model, based on
geologic relationships in the mountains to the north and west of Midway, assumes that the heat for
the thermal system comes from a relatively young intrusive or related hydrothermal convection system
in the vicinity of the Mayflower mnine. Meteoric waters would be heated as they approach the heat
source and then move laterally to the south through faults and fractures in the rocks. These thermal

waters then rise to the surface through fractures in the crest of an anticline underneath the Midway
arez. The second model, based on the gravity survey, assumes an igneous intrusion directly beneath

Midway as the heat source. The first mode] is considered more likely.

The Midway geothermal system is a low temperature resource, suitable for space-heating and

other direct-use applications.



INTRODUCTION

In recent years, there has been an increased awareness of the finite nature of fossil-fuel resources.
Therefore, much research has been directed towards developing alternate sources of energy. One of
these sources of energy is the natural heat of the earth, This energy (commonly referred to as geo-
thermal energy) can be exploited when heat from within the earth is brought to the earth’s surface,

generally either by deeply-circulating meteoric waters or by near-surface magma chambers.

[n Utah, there are a number of hot spring systems, areas of high heat flow, and other manifesta-
tions of possible geothermal energy. Near the town of Midway, Wasatch County, Utah, one such sys-

tem of hot springs is found. Although a fairly complete study was made of the hydrology of this sys-

tem (Baker, 1968), questions relating to the geothermal potential of thi. <ysf. m remain.

The purpose of this investigation is to evaluate the geothermal potential of the area. To accom-
plish this, consideration will be given to heat flow, chemistry of the thermal waters, expected reservoir

temperature, structural controls, and the possible sources of heat for the system,

Geographic and Geologic Setting

The Midway Hot Springs are located in and around the town of Midway, Utah, in the northwest
corner of Heber Valley (figure 1). The springs are surrounded by deposits of calcareous tufa with an
areal extent of 8 to 10 square kilometers, The tufa deposits are locally more than 30 meters thick,

and are underlain by alluvium.

Two types of thermal springs occur in the area: (1) pools that occupy craters in conical or hemi-
spherical mounds of tufa (known locally as “hot pots™), and (2) springs that flow from cracks or

openings in the tufa. Baker (1968) described these thermal springs in some detail.

The generalized geology of the area surrounding the Midway Hot Springs is shown in figure 2.
The hot springs are situated on the east flank of the Wasatch Mountains, south of the east-west trend-

ing Uinta Arch, and on the axis of the Park City Anticline. The Charleston thrust fault is the major
structural feature south of the study area. The geology of the area is relatively complex, with Paleo-

zoic and Mesozoic sedimentary rocks in the Wasatch Range to the west, Tertiary intrusive stocks to
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the north, and Tertiary volcanic rocks to the northeast. Unlike most thermal systems in Utah, the Mid-
way Hot Springs are not located in the Basin and Range Province, and their origin cannot be directly

linked to deep-seated normal faulting,
Previous Work

Earliest mention of the Midway Hot Springs is in conjunction with regional reconnaissance sur-
veys in the 19th century (Howell, 1875, p. 256-257,; Hague and Emmons, 1877, p. 317-319). Both of

these early reports give a general description of the hot springs.

Heyimun (1966, p. 13) mentioned the hot springs as a potential source of geothermal energy and
suggested that if the Midway Hot Springs waters contains gases of magmatic origin, then the area
would be of prime interest as a souce of geothermal power. He further suggested that the source of
heat for the system is “‘volcanic or tectonic’ (1966, p. 15). Milligan, Marsell, and Bagley (1966, p. 36)
speculated that the hot-springs system could be controlled by a zone of faulting beneath the alluvium

from which they issue.

Baker, (1968, p. D63-D70) described the hydrology of the hot-springs system in some detail.
He suggested that the system is fed by deeply circulating meteoric waters that descend through frac-

tures and solution openings in carbonate rocks in the Wasatch Mountains, gain heat at depth, and re-
turn to the surface under artesian pressure through fractures in the rocks. Goode (1978, p. 37) used
the geologic map of the Heber quadrangle (Bromfield, Baker, and Crittendon, 1970) to expand Baker’s
inferred origin of the hot springs and to suggest that the meteoric water déscends along the planes of
the Dutch Hollow and the Pine Creek thrust faults (figure 2), and returns to the surface through

normal faults or fractures along the crest of an anticline that underlies Midway.
The area surrounding the Midway Hot Springs has been classitied by the United States Geological
Survey as prospectively valuable for geothermal resources (Godwin et. al., 1971). The area is con-

sidered to be a low-temperature geothermal system with an average reservoir temperature of less than
100°C. (National Geophysical and Solar-Terrestial Data Center, 1977).

Uses of the Hot Spring Waters

The thermal waters form the Midway Hot Springs have been used for bathing purposes at resorts



for many years. In addition, some of the thermal springs have been used for space-heating purposes,
and at least two homes are presently (1980) heated by thermal waters. The limited use of the thermal

waters in the Midway area has been confined to existing natural springs. No wells have been drilled

in the area specifically for the purpose of developing the thermal waters.

PHYSICAL CHARACTERISTICS OF THE THERMAL SYSTEM

Heat Flow
General Statement

The term heat flow refers to the amount of heat leaving the earth. Heat flow is discharged as
radiation, either by warming ambient air or water, or by convection in water vapor produced by flash-
ing or evaporation at the water table. Heat flow at anv given location is a product of the geothermal

gradient and the thermal conductivity of the rocks. The heat flow equation is expressed as:

Q=(T}-Ty) K/L

where Q = heat flow,
(T uTz) = temperature difference between two points
L = the vertical distance between them

K = the thermal conductivity of the rocks.

Heat flow measurements are generally expressed in terms of heat flow units (HFU), and | HFU =
1 ucal/cmz/sec or 41.84 milliwatts/meter2 (mW/mz). In this report, the thermal conductivities of the
rocks were measured in terms of Watts per meter per °C. Consequently, the heat-flow measurements
are expressed as mW/n12. Areas of normal heat tlow cover about 99% of the earth's surface and
exhibit a heat flux of about 1.5 HFU (Elder, 1965). Near hot springs, hydrothermal convection can

complicate interpretation of heat flow measurements.

Indications of abnormal heat flow

In the Midway area, regions of possible abnormal heat tflow are indicated qualitatively by snow-

melt patterns and the geographical concentrations of thermal springs. Areas of suspected higher-than-



-

normal heat flow based on snow melt patterns were identified during initial field reconnaissance of the
area. Oblique aerial photos were taken of the area in the spring, and the snow-melt patterns evident on
these photographs were plotted on a topographic map of the area (figure 3). The patterned areas were
devoid of snow while the surrounding areas were still covered by snow about 0.25 meters deep. As was
later proved by drilling, the snow-melt patterns indicated areas where the thermal waters were near the

surface due to free circulation ot the ground water.

Temperature-gradient wells

In order to obtain quantitative heat flow measurements from the area, four shallow temperature-
gradient wells were drilled in the spring of 1978, at the locations shown on figure 3. The wells were

drilled to depths between 58 and 85 meters by a standard rotary rig. Generalized lithologic togs of
these four wells, based on samples taken at about 3 meter intervals, are shown in figure 4, and more
detailed lithologic logs are found in Appendix I. The wells were completed as temperature observation
wells by installing 1| inch 1. D, steel tubing to the total depth. The tubing was capped on the bottom
and filled with water. Temperatures were measured at 2.5 meter intervals within the tubing by a
thermistor probe attached to a digital multimeter. Resistance readings were converted to temperature
(°C) from tables calibrated for the thermistor probe, and if calibrated properly, are accurate to
0.01°C. Three temperature logs were run on each well over a period of about six months to ensure
that the temperature profiles of each well exhibited no disturbance from drilling. Except for an
apparent temperature shift for G. W, 1, G. W, 2, and G, W, 4 between the readings taken early in May
and the later surveys, no significant temperature variations were noted. This shift can be attributed to
improper calibration of the probe used for these early readings. Temperature profiles representative of
each well are shown in figure 5; more complete profiles and the data upon which these temperature

profiles are based are found in Appendix 1. The results of the drilling and the temperatures observed

in each of the four gradient wells are summarized as follows:

G. W. | — This well is sited in an area suspected of having abnormal heat flow based on the distri-

bution of snow-melt patterns. Except for tufa in the top 3-4 meters, the well was drilled in alluvial
deposits that appeared to be totally saturated with water. Because of this saturation and the apparent
free circulation of the water in the alluvial deposits, this well exhibits an essentially isothermal tem-
perature profile. The maximum temperature of 24.27°C was observed at a depth of 20 meters and
remained fairly constant throughout the remainder of the well,
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G. W. 2 — This well is located at the northern edge of the tufa deposits in an area where thermal

spring activity has ceased. This location was selected in part because of the expected shallow depth to
bedrock. Except for the upper 10 meters, the well was drilled in a fairly monotonous and uniformn
section of the Pennsylvanian Weber Quartzite. This well has a maximum temperature of 37.35°C

at the bottom of the hole, and an average temperature gradient of 70°C/km.

G. W. 3 — As with G. W. |, this well site was selected because of suspected abnormal heat flow
based on differential melting of the snow. The well was started in porous, locally cavernous, tufa that
contained thermal (>30°C) water at a depth of about 8 meters. The base of the tufa was penetrated
at 18 meters, and the tufa was underlain by alluvium to the top of the Weber Quartzite at a depth of
60 meters. In this well, the quartzite was very highly fractured and contained hot water under artesian
pressure. Because of the abundant flow (estimated at about 700 gpm) encountered in this well,
drilling was stopped at a depth of 85 meters. During the almost 3 days that the well was allowed to
flow before it could be plugged, the water level in a **hot pot" about 500 meters to the north dropped
20 centimeters, demonstrating a connection between the well and the spring. The water level in the

“hot pot™ returned to its original level within 5 days after the weil was plugged. Because of the rela-
tively shallow thermal water encountered in this well and the apparent free circulation of water in the
alluvium and tufa, the temperature prolile of this well is essentially isothermal. The maximum tem-
perature observed, slightly over 42°C, was encountered at about 10 meters. This temperature remained

fairly constant throughout the rest of the well,

(. W. 4 — This well is located on the southern edge of the tufa deposits away from any indication
of thermal anomalies, and was intended to provide an indication of the “normal’ heat flow for the
area. Drilling in this well was stopped at 58 meters due to a slow drilling rate and circulation problems,
and the steel tubing could only by installed to a depth of 50 meters. In this well, the tufa at the sur-
face was thicker than in any other well (30 meters), and a thin layer of possible tufa was encountered
in the alluvial deposits at about 45 meters. The temperatures in G. W. 4 were somewhat lower than
in the other wells. This well exhibits a relatively consistant temperature gradient of about 30°C/km
from a depth of 20 meters to the bottom. The maximum temperature observed in the well was
14.38°C at the bottom (50 meters).

The average temperature gradients for G.W. 2 and G.W. 4 were calculated by performing a linear
regression analysis on the data obtained from the temperature logs run on these wells. To eliminate the

possible disruptive effect of climate and near-surface ground water, the analysis was performed on the
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temperature vs, depth data below a depth of 15-20 meters, Visual examination of the temperature
profiles showed a reasonably straight-line relationship beyond this point. The slope of the line that fits
these data points is the temperature gradient. Thermal conductivities of tufa and of the Weber Quart-

zite were determined from outcrop samples and drill cuttings to be about 1.4 and 4.5 Watts/ meter/°C
respectively (Chapman, 1979, oral communication). By using the thermal conductivity of the quart-
zite and the temperature gradient from G.W. 2 in the standard heat flow equation, the heat flow for
the northern part of the Midway area is calculated to be 321.75 mW/mz, or about 7 HFU. In contrast,
the heat flow calculated for G.W. 4 is equal to 44,1 mW/mzm or slightly over I HFU.

Water Chemistry
General statement

The locations of thermal and non-thermal springs and wells in the Midway area are shown in
figure 6. Because many of these springs were sampled and analyzed previously (Baker, 1968), sampling
for this investigation was limited to the springs and wells shown in figure 7. These were selected to
provide a representative sampling of the area, The analyses from some of the springs previously

sampled by Baker were used as a check on the sampling and analytical procedures used in this report.

Sampling procedures

The procedures used for sample collection were modified from those of Presser and Barnes
(1974). Three 250 ml samples were taken from each spring or well and filtered into a polyethylyne
bottle through 0.45 micron Millipore filters. One sample was left untreated, one sample was acidified
to a pH less than 2 with | m! of spectrographic grade nitric acid to preserve the unstable constituents,
and the third sample was diluted 1:9 with deionized water to preserve silica. Specific conductance, pH,

HCO3 and alkalinity were determined in the field,

Analytical procedures

Analyses were performed on a Perkin-Elmer Model 303 atomic absorption spectrophotometer
using standard methods. Chloride was determined using an Orion chloride-specific ion electrode. No
difference was noted in the silica content of the acidified and the diluted samples, so all values re-

ported are from the acidified sample. The results of these analyses are shown in table 1.



13-

; L(zJ.'t

S pring
[ R T ——
27 e e ;

J Sprin
5755 | | ¢ !‘?_q":
' I ‘%
-. i =
- & LT el

sa] TF

al ] -

"B %id9

EXPLANATION

O Wall < 25° ¢
® Weli > 25°¢C

Spring < 25°¢C
Spring > 25°C

5 b OMILE

=—:,—:=_'=_=m

TR —— )

1} -3 I KILOMETER

{ ' A
_"—Hid(va;'\-ﬁ_____,gsﬂﬂ" =

:
1
|

k3

e i il o ]

b
<

2

Figure 6. Some thermal and non-thermal wells and springs near Midway, Wasatch County, Utah



-14-

(/1)L
pass 1,'-* T

Mound it;
49.1.'1-]

B [ &
(e 1 1 ;
| Iz g a ;
! 1 C’il ) 1 - i
P ¢ T i .
‘.-’ J\-J.,- g l& I { ,; | | 1
;
& :
1
|
i 8 :
& i e Gy
| i E ! |
| I

ok
$

1 ]
n
2 L u
A Jﬂ..‘i’
— 1 T : I
g s = i
28 :
//I

e T

:} i

' Mot
| Sprngy,,; I_A\43. °c
. i e

\ )

EEH ). " , *
43.3°C
; Sﬁ.ls_:'l!
A
1 |. i1

%d’“ ay.

{2)

Wal! with wotar

\ ol Spring with watar
o ; ! | temperature temperalure -
T b you °C 24 4°C ke
o i i
| 4 | % | 0 - ¥ MILE
/! R e s —— e ——
0 ‘ =3 i
i (& | _ e e _ e -] p
i I g .5 ? KILOMETER R.GE.

-
Forr et e et ety LS

: emorial
i ill
"erga

Lm
L Arasg

:IJ"T“

i i & s '. Il
Eay o bsoa | + b
4, Ir--- AT T _-.. . 4 | f/

et ) SR ) 11
L ) e, ekl @l ol Reieall ! _(134} N s
A ..“ _rff_.l"' 2§_| If F" : &M Eébgﬁv ;. T e P77 -1\‘- =.”4

i R 5 e ¥ \‘:\ |
I \3;' .| _.' _F E 1 . ‘§c |.I_
;) 1 "
il . . 3 N
a8, iars 7T} I : t S
E—r;-q.--—...__ﬁ__—_._.??d- -!q.-...,_—.-. ] s i -

:l 5 3 . ) EXPLANATION ! :
‘i’nm Sa (9) ' el | oL

Figure 7. Springs and wells from which water sampies were analyzed {chemical analyses are shown in Table 1)



-15-

Table 1. Chernical Analyses from selectad springs and wells in the vicinity of Midway, Utah

Source Location Tgmp. pH Spec. Alka- HCO5 Ca K Na S04 cr
on fig 7. c Cond. inity. ppm ppm ppm ppm ppm

Caleman Hot Spring 1 46.3 6.4 2200 632 770 3N 32 128 30 180

*146) (8.4} (2410} {644) (345) (16) (148} (27} {132}

GW No, ! 2 24,4 6.5 1700 812 990 383 2 120 62 166

Johnson Well 3 211 336 22 102 a0

GW No. 3 4 43.3 336 25 a8 26 125
Gerber Spring 5 12.2 1.5 470 162 198 64 1 10 B8 9.6
Mahogany Spring 6 1,2 7.2 420 174 212 58 1 & 1 6.5

Warm Citch Spring 7 2838 6.9 675 N 404 14% 10 34 19 39

Unnamed Spring 8 31.0 6.5 1400 B138 632 310 27 94 24 120

Whitekar Hot Spring 9 436 G.5 2000 645 664 312 28 a3 26 126

Mt. Spa '"Hot Pot” 10 43.1 6.5 2000 YA 696 329 a3 117 28 163

=(40.0) 16.51 {2200} {674) {331) {25) {114} {23) (108}

Fox Den Spring 11 12.4 74 B850 308 372 166 12 38 19 46

= {from Baker, 1968}

Geothermometers

Theory

Chemical analyses of thermal waters can be used to predict a minimum temperature for the
geothermal system by use of chemical geothermometers., These geothermometers operate on the
theory that the chemical composition of the thermal waters reflects the temperature at which the

water was last in equilibrium with the surrounding rock, This temperature is generally assumed to

represent the reservoir temperature for the thermal system.

The two most widely used geothermometers are the silica geothermometer (Fournjer and Rowe,
1966), and the Na-K-Ca geothermometer (Fournier and Truesdell, 1973). These geothermometers
should be used with a certain degree of caution because they both depend on a number of assumptions
which may limit their application. The following assumptions, taken from Foumier et al. (1974),

apply to both the silica and Na-K-Ca geothermometers:

1. Temperature-dependent reactions occur at depth.

2. The supply of ali constituents involved in a temperature-dependent reaction is not a limiting
factor.
Water-rock equilibrium occurs at the reservoir temperature.

4, Little or no re-equilibration occurs at lower temperatures as the walter flows from the reser-
voir to the surface.

5. No mixing of hot water with cooler, shallow ground water occurs,
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The last two assumptions are not likely to be valid for most systems, so the temperature cal-

culated will usually represent a minimum temperature for the system.

The silica geothermometer is based on the fact that mineral solubilities generally are depend-

ent on temperature and pressure. The solubilities of most silicates increase with increasing tempera-
ture, so the silica content of the waters may provide the temperature at which the thermal waters were
last in equilibrium with the surrounding rocks. This geothermometer uses the silica content of the
spring waters, measured in parts per million, in an equation that depends on the form of silica avail-
able to the system. The silica temperatures for the Midway Hot Springs were calculated using both

the quartz and chalcedony conductive cooling models. The equations used are as follows:

Quartz t°C= 1315 -273.15

5.295-1og Si02

Chalcedony t°C= t015.1 -273.15

4.655 - log SiO2

The Na-K-Ca geotherinometer is based on the equilibrium constants for exchange and altera-
tion reactions that are alsg temperature dependent. With the Na-K-Ca geothermometer, water com-

position in moles per liter, is related to temperature by the equation:

t°C = 1647 -273.15
log (Na/K) + glog (+/Ca/Na) + 2.24

where § = 4/3 for water equilibrated below 100°C and 1/3 for water equilibrated at 100°C or greater.

Springs which flow in excl:e&s of 200 liters/minute van be assumed to have lost little heat to the
surrounding rock during upward movement. Unless the thermal waters are mixed with near-surface
cold waters, the temperatures calculated using geothermometers based on chemical equilibrium should
be within about 25°C of the spring water. Marked disagreement between measured and calculated tem-

peratures suggests a mixed water (Foumnier and Truesdell, 1974).
Estimated reservoir temperature

The chemical analyses of the Midway thermal waters were used to calculate a minimum tempera-
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ture using the Na-K-Ca and silica geothermometers, The results of these calculations are shown in

table 2.

A pood agreement exists betwecn the Na-K-Ca temperature and the quartz-silica temperature,
whereas the chalcedony-silica temperature is nearly the same as the measured temperature. If the
Na-K-Ca geothermometer indicates a temperature <100 °C, it is sometimes assumed that the silica
content of the water is a function of chalcedony solubility and the chalcedony equation is used
(Kolsar and DeGraff, 1978). In the Midway area, however, drilling information indicates that the
Weber Quartzite (which consists primarily of crystalline quartz) may serve as a reservoir for the ther-
mal waters. This observation, and the obvious agreement between the Na-K-Ca and the quartz-silica
geothermometers {table 2), supports the idea that the silica content of the Midway thermal waters
is a result of quartz solubility. If the quartz-silica geothermometer is valid for this area, the reservoir

temperature for the Midway Hot Springs system may be about 70°C,

Table 2. Projected Maximum Ressrvoir Temparature of the Midwav Hot Springs Geotharmal System using the silica snd Na-K-Ca

Gaotherrmometers
Saurca Location Wartear Ne-K-Cs Quaertz Chatcedony
on fig. 7 temp. c temp. °c sifica silica
=) aQ
temp. C tamp, C

Coleman Hot Spring 1 46.3 76 80 48
GW No. 3 4 43.3 68 74 42
Warrm Ditch Spring 7 288 a7 62 28
Unnamed Spring 8 3t.0 FAl Fi 39
Whitaker Spring 9 436 72 74 42
Mt Spa “hot pot”’ 10 431 78 77 45

The calculated temperature for the Coleman Hot Spring which flows in excess of 4800 liters per
minute (Baker, 1968) is more than 25 °C greater than the observed temperature. This suggests that the

spring represents a mixed water. To evaluate this possibility, the mixing models developed by Fournier
and Truesd‘ell (1974) were applied to the Coleman Hot Spring and the Warm Ditch Spring (both of
which flow in excess of 200 liters/minute). These procedures enable both the probable maximum
subsurface temperature obtained by the hot-water component, and the cold water fraction, to be

estimated by using the following relationships:

H cold) (X) + (H o0 (1-X) = Hspring
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and

(Siggrg) (X) + (Sipgy) (1-X) =S

Leol ! spring

where
H = Enthalpy (taken from standard steam tables)

Si = Silica content {ppm, converted to temperature °C using the

quartz-silica geothermometer)
X = fraction of cold water.

For each spring, a plot is made of the fraction of cold water vs, temperature for both the en-
thalpy and the silica considerations. The point of intersection of these curves represents the tempera-
ture and cold-water fraction estimated for the system. The plots for the Coleman and Warm Ditch
Springs are shown in figure 8. In both cases, the mixing model suggests a maximum reservoir tempera-
ture of about 125°C.

Structural Geology

The exact structure of the bedrock underneath the Midway area is difficult to determine with
certainty, because the bedrock is covered by alluvial deposits which are in turn overlain by tufa. The
tufa deposits are quite extensive and thicken southward, where a thickness of about 30 meters was
penetrated in drill hole G.W. 4. In addition to the four temperature-gradient wells drilled in conjunc-
tion with this investigation, a number of water wells penetrating the tufa have been drilled in the area.

The locations of these wells and the thickness and extent of the tufa deposits are shown in figure 9.

The geolopy in the mountains to the north and west of Midway suggests the possibility of an
anticlinal structure under the area. This anticline is illustrated in a northwest-southeast structure

section across the area (figure 10).
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In an attempt to better define the geologic structure in the vicinity of the Midway Hot Springs, a
gravity survey was conducted in January and February of 1979 (Fox, 197%9a). For this survey, gravity
stations were established at intervals of 200 meters along 5 east-west profiles across the Midway area.
The residual Bouguer anomaly gravity map showing the results of this survey is shown in figure 1.

Of interest is the central gravity low centered between two of the major groups of hot springs. Accord-
ing to Fox (1979b), this anomaly cannot be attributed to a relatively thick deposit of unconsolidated
sediments. Instead, this anomaly has been interpreted tentatively as due to a possible buried intrusive
rock unit under the area (Fox 1979b). This interpretation should be used with caution because it is
not strongly supported by the surrounding geoiogical relationships. This negative anomaly could
possibly be explained by extensive fracturing in the Weber Quartzite along the crest of the anticline

thought to underlie the area.
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DISCUSSION AND CONCLUSIONS

General Statement

The main purpose of this investigation is to evaluate the potential utilization of the geo-
thermal energy of the Midway area. To do this, the geothermal system must be characterized
as to areal extent, reservoir temperature, and heat source. The data gathered in the course of

this investigation enable these parameters to be defined with varying degrees of success,

Areal Extent

Heat flow data, both qualitative and quantitative, provide the best indication of the areal extent
of the Midway Hot Springs system. The areas of warm ground as indicated by differential melting of
snow (figure 3) and the distribution of thermal springs (figure 6) indicate that the thermal system is
confined to the area north of the town of Midway. The thermal area may extend farther to the north

than is indicated by the thermal springs, but additional drilling would be needed to verify this.

Comparison of the areas of warm ground as indicated by the differential-snow-mnelt

patterns (figure 3) with the geologic structure of the area (figure 10), suggests that these areas
are contained in two northeast-southwest trending zones. The northern zone may be con-
trolled by faulting, much of which is concealed by the tufa and alluvium. Although no faults
of any significance have been mapped as coinciding with this zone, sufficient evidence such as

slickensides and fault breccia is found in the Weber Quartzite at the south end of Phosphate
Hil! along the trend of this zone, to strongly suggest that faulting is present. The southern zone
appears to coincide, at least in part, with the axis of an anticline projected under the area by
Bromfield et al. (1970). These two zones probably represent the minimum extent of the ther-
mal anomaly, and additional drilling will be necessary to better define the areal extent of the

systemn.
Reservoir Temperature
Obviously, the maximum observed temperature of 46.3°C from the Coleman Hot Spring

represents the minimum reservoir temperature, Temperatures of 65°C have been observed at

the 3000 ft. level of the Mayvflower mine which is located about 8 kilometers north of Midway



(figure 2). If these systems are related and share a common heat source, then the reservoir

temperature would be at least 65°C,

The data on water chemistry provide the best means for calculating the minimum temperature of
the thermal system when utilized with chemical geothermometers. An upper limit

to the reservoir temperature range is somewhat more difficult to predict. As was discussed
earlier in the section on geothermometers, the temperature calculated using quartz solubility
agrees very closely with' the calculated Na-K-Ca temperature, whereas the observed tempera-
tures in the hot springs are in agreement with the calculuted silica temperature using the solu-
bility of chalcedony. If the silica available to the system is a function of quartz solubility and
if the assumptions made for the Na-K-Ca geothermometers are valid, then more optimistic
projections of 76-80°C can be made for the reservoir temperature. A maximum reservoir tem-
perature of 125°C is indicated by the mixing model. Therefore, the reservoir temperature for
the Midway Hot Springs system lies between 46 and 125°C, and is probably between 70 and
125°C,

Source of Heat

Many geothernmal systems in areas exhibiting a ‘“normal” temperature gradient within the
range of 8 to 50°C/km (White, 1973), arc explained by deep circulation of meteoric water.
In other systems, the waters are thought to circulate to a shallower depth. There, they are
heated by a near-surface heat source such as a shallow magma chamber or areas heated by

oxidation of sulfide minerals or by radioactive decay.

There is no evidence for the existence of either sufficient amounts of sulfide minerals
undergoing oxidation or sufficient quantities of radioactive materials for them to be consider-

ed as a viable source of heat in the Midway area. Consequently, most models previously pro-
posed for the Midway Hot Springs system suggest decep circulation of the meteoric waters
along faults and ftractures (Baker, 1968; Milligan et al., 1966). If the temperature gradient
for G.W. 4 (30°C/km) represents the normal gradient for the area, then the meteoric waters
would have to circulate to a depth of about 4 Kkilometers to be heated to the maximum reser
voir temperature of 125°C. Available geologic information indicates that the area is not
underlain by faulting sufficient to provide circulation to such depths. Therefore, a heat source

located relatively close to the surface inust be sought.



Two potential models for the system are proposed using the existing data. Both models
suggest a relatively young intrusive body or related hydrothermal convection system as a heat

source.

Although the temperature-gradient data suggest a heat source north of Midway, the Ter-

tiary intrusive stocks that have been dated are generally considered to be too old (30-35 mil-
lion years) to be a potential source of heat (Baker, 1968). However, a few kilometers to the
north of Midway, near the workings of the Mayflower mine, a number of small intrusive bodies
are present, some of which could be younger than the ones that have been dated. Because

temperatures of up to 65°C have becn observed in the Mayflower mine as its workings ap-
proached the intrusives, it is possible that the intrusives or a related hydrothermal convection
system could provide heat for the system. With this model, meteoric water enters the system to the
north and is heated as it circulates near the intrusives. This heated water then moves laterally along
the Dutch hollow and Pine Creek faults and in fractures in the Weber Quartzite and underlying car-
bonate rocks. The water then moves to the surface in the Midway area along minor faults at the
north edge of the area and through fractures along the crest of the anticline under Midway. This
model is supported by the relatively high temperatures that have been encountered in the Mayflower
mine, by the decrease in the temperature gradient between G.W.2 and G.W.4, and by the fact that
G.W.3 encountered hot water under artesian pressure in the highly fractured Weber Quartzite.

pressure in the highly fractured Weber Quartzite.

The second model, proposed by Fox (1979Dh), is based on data from his gravity survey.
He suggests that a relatively young intrustive body exists beneath the Midway area. Meteoric

water circulates downward along faults and fractures, becomes heated by the intrusive, and

rises to the surface through fractures

The first model appears more reasonable, but additional data must be gathered before either

hypothesis can be positively accepted,
Potential Uses of the Thermal Water
The data gathered in the course of this investigation indicate that the northern part of the Mid-

way area is underlain by a low-temperature geothermal system. The most promising areas for develop-

ment as a direct- use heat source, at the present time, are two northeast- southwest trending zones



that are relatively well-defined by differential-snow-melt patterns (figure 3). The geothermal area may
extend farther north of these zones, but additional drilling is needed before the areal extent of the sys-

tem can be defined.

The maximum observed temperature for the Midway system of 46°C {which could be considered
as a minimum temperature for the reservoir) is within the range of temperature (38° to 80°C) general-
ly considered as a minimum for space heating purposes (Lund et al., 1976). The estimated maximum

temperature for the system (125°C) is not, however, high enough for most direct-use industrial proces-

sing purposes or for electrical generation, but would be hot enough for space heating.
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Appendix I. Lithologic logs of G.W.l — G.W.4
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Appendix | LITHOLOGIC LOG PAGE 1 OF 2
Project_ Midway Geothermal Ground Surface Elevation
Well Number GW#l Depth to Water Table Flowing 12 psi
Location2100' FNL, 2700'FWL Sec. 27 Total Depth  250' Diameter 6'
T. 3 S., R. & E., SIM
DEfP;l'H ROCK TYPE COLOR GRAIN SIZE COMMENTS
5 tufa lt. tan H,0 at 4'
10 " ’; some pebbles near bottom
15 l tufa apd grave < 1/f2" :E poorly sorted
as| poorly sorted limestone, quartzite|,
20 | gravel < 3f4n with some granite '
25 | tufa and grave] o, ¢
30 "n " L] ] LD;BI
°.
35 | gravel 1/4-3/4" 2° rounded, poorly sorted
40 | sand '::'.-. some small pebbles
. ‘oA
45 | gravel and sang up to <1" {+,| poorly sorted
-8
50 45
55 ok
4

most uartz, some small pebbles
60 | cqgarse sand to J.)Z"q ’ P

sples

65 | sand & gravel -: poorly sorted
70 24
iy
75 9
80 -"-l
».
85 | gravel '-'-"f,'
90 sand- medscoarse
95 | sand & gravel - |to 1/2" gf poorly sorted
[ ]
100 e
105 <
P
110 Ve
115 o
o
120 2
.?'.
125 ‘E”'v
130 | clay w/sand 2
135 )| clay =
140 —-"_.
145 | clay w/gravel 4
o

15
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LITHOLOGIC LOG PAGE2 OF2
Project Ground Surface Elevation
Well Number GW#l cont. Depth to Water Table
Location Total Depth Diameter
DEPTH|ROCK: TYPE COLOR GRAIN SIZE COMMENTS
155 | Clay w/gravel 2
pio
160 | sand and grave] %] H,0
165 ‘»¢| mostly sand
170 limestone & black ls. L.l could be boulders
quartzite white gtz. 23| H.O stopped
Dj" &
175 | sand & gravel rxt
P
180 £l clay at botto
clay, sand,& ~e
185 grauel ] B
*3| angular to sub-
190 | sand and grave] to 3/4" 0 gular to sub-angular
Fx
195 2
200 “s
b'
205 A2
a1
210 0.3
med to Vi
215 sand coarse » ~{_abundant biotite
uartzite e
220 boulder?) white fine w | very hard slowed drilling
4.
225 ~2
230 and & gravel :; _poorly sorted
‘e
235 iy
240 sand fine-coarsc:i} some minor gravel
245 o
250 o

Drilling started 4/19/78

Drilling completed 4/27/78

Logged by: J. Kohler
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LITHOLOGIC LOG PAGE 1 OF 2
Project Mjdway Geothermal Ground Surface Elevation
Well Number Gui2 Depth to Water Table
Location 350'FEL, 1000'FNL, Sec. 27 Total Depth 275' Diameter 6"
T.3 5., R.4 E., SIM
DEPTH|ROCK: TYPE COLOR GRAIN SIZE COMMENTS
5 | tufa lt. tan T
L
10 bam =
15 I
20 -
—
25
silty clay Tt.red- —_
30 lw/minor tufa brwn. o
35 -
It.yellow s
40 |quartzite or tan &y,
sandy limestong ‘ e
45 Y i3
L
50 | some possible tufa frags.
55 5
—+| 60-85 feet contains some
60 "'!' silty clay
65 kR
70 o
75 i
80 -
85 s
‘ white- : be f t d i
60 | quartzite le.gry. fine -_)‘ very clean, may be fractured in
. ‘o’| part
95 , 2
100 i
105 I
110 i
115 Sy
120 ?S
125 o
130 5
135 gb Fe staining in places
140 42
e
145 =3 lost hole circulation
150 EM
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LITHOLOGIC LOG

PAGE 2 OF 2

Project Ground Surface Elevation
Well Number GWi#2 cont. Depth to Water Table
Location Total Depth Diameter
DEPTH|ROCK. TYPE COLOR GRAIN SIZE COMMENTS
fittetTo =, . .
155 Quartzite lt. gry. vi-f QS some Fe staining
160 ?-
o9
165
S"-.
170 -5
le.gry- FEN
175 yell ¥ x| some yellowish cuttings w/black
180 :k{ grains (vay friable)
._&
185 At
190 2
195 5.
200 -
2.
205 &
210 50
215 ;?
o).
220 :g
225 ;5| driller reports slower drilling
e rate
230 -
235 B
240 53
245 3
250 -;’:
255 ‘-'4:
260 ';:
265 2
270 ?;
275 Yy
Drilling Started 5/12/79
Drilling Completed 5/17/79
logged by: J. Kohler
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LITHOLOGIC LOG PAGE_1 OF2
Project_ Midway Geothermal Ground Surface Elevation
Well Number GWi3 Depth to Water Tableflowing 25 psi
Location 25'FNL, 1350'FWL, sec. 35 Total Depth 280 Diameter 6"
T.358., R.& R SIM
DEPTH|ROCK" TYPE COLOR GRAIN SIZE COMMENTS
white- =
2 tufa 1lt.tan Q _very porous
10 1 aome pieces have black coating
I
15 1| some clay
20 JT‘ much clay
25 ; Cavernous 23-20' contained hot
<30°C water
30 , gaMeadark §RY 234"3¢8anic matter
35 . abundant organic matter
40 i some clay
4 _ 1| some vf silt and dk.gry.nodules
> 1] w/minor organic matter
50
55 : contains organic matter
60 | clay w/sand 74| tr. of tufa
65 S
70 | clay 1t.§§$- :E
75 | o
go | VI SLit W/ yvel brn- - | distinct color break Irom yellow
clay 1t .gry | vf silt to dk grv clay at 78'
o. .
85 | sand w/gravel ¢ Y| poorly sorted
90 ' i
95 4%
100 4l silty
105 o
110 sapd ] minor gravel
115 | clay dk.gry o:
120 -
125 |sand W/Téggﬁel S
130 ' ?2 minor clay
135 1 c¢lay - some sand and gravel
140 sand and gravdl -Ff angular, poorly sorted
145 | silt 2] minor snd,gravel,cly
150 i
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LITHOLOGIC LOG PAGE 2 OF2
Project Ground Surface Elevation
Well Number GW#3 cont. Depth to Water Table
Location Total Depth Diameter
DEPTH|ROCK TYPE }COLOR GRAIN SIZE COMMENTS
N MITOr S11C
155 | gravel 2£, angular, poorly sorted.
160 | sand & gravel fﬁ: mostly sand
165 '}5 minor silt and clay
170 o#*|dk. brn gry clay at bottom
175 | sand w/small gyavel ﬁf fairly clean, caving
180 oy
185 ;: gravel bzcoming coarser =-3/4"
as
190 ()
195 | clay 1t. tan ol
200 pand & gravel }ﬁ may contain some tufa frags.
205 z¥] tr. clay
b
210 i
10
215 | ¢clay at bottom -—
lt.tan <=l contact at 218'
220 | quartzite 1 contains hot artesian water
225 "
230 RE
&
235 i3
Y
240 %
245 ff minor limestone frags.
250 ﬁ quartzite highly fractured
.‘5 -
255 .t
260 )
265 2
270 Q!
275 -3
280 -S} flow >500 gpm 40°C
Drilling Started 4/28/78
Drilling Completed 5/2/78
Togped by: J. Kohler
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LITHOLOGIC LOG PAGE 1 OF 2
Project Midway Geothermal Ground Surface Elevation
Well Number GHit4 Depth to Water Table 21'
Location 4300 FNL, 3700 FWL, sec.35, Total Depth 190' Diameter 6"
T.3 §., R.4E .SIM
DEPTH|ROCK' TYPE COLOR GRAIN SIZE COMMENTS
5| tufa lt. tan L
N
10
1 t
15 -1
1
20 -
25 '
30 TL some water
L
35 1
0 =5,
45 ' almost powdery
50 .
-
55 .,HI
60
65 _
70 TJ'
75 L
80 A
85
-
90
100
105 |sand & gravel to 3/4" 2| angular to sub-angular,
"f poor Iy sorted, Tomtatns
110 ~s) H,0
115 b
120 >3
125 v,
130 b3
i
135 -4
140 #5| some tufa in gravel
145 ;\0 mostly sand
150 a
Y- e
b




8-
LITHOLOGIC LOG

PAGE 2 OF 2

Project Ground Surface Elevation
Well Number GWi#4 cont. Depth to Water Table
Location Total Depth Diameter
DEPTH|ROCK' TYPE COLOR GRAIN SI1ZE COMMENTS
155 | Tufa (?) fI thin bed
160 | Conglomerate? ;i contains abundant chert,
5| UAartzite; am IimesTone fTARS. |
165 o'p| gravel could be contamination
170 @, from above
0.‘ Driller reports formation is
175 ﬁﬂ very hard
D o
180 -
23
)
185 g
*9
190 9%

Drilling Started 5/5/78

Prilling Completed S5/10/78

Logged by: J. Kohler




9.

Appendix H. Temperature measurements and profiles GW.1 — G.W.4



Gradlant well Date of Measurement 5/29/78

APPENDIX II.

Deapth Temp.
Tem MNa. 2 {meters) ‘c
porature Measuremants from gradlent wells GW No 1 - GW No. 4,
Midway, Wasatch County, Utah 1 2.5 22.019
Gradlent well Date of Measuroment 5/ 6/78 § :g'g gg‘;g;
Mo 1, Denth - Teme. a 65.0 36.683
(maters) c 5 70.0 37.08
6 75.0 37.394
3 2 20 7 77.5 37.557
a3 75 22332 8 80.0 37.713
Py 100 22331 9 B2.5 37.863
! . 10 84.0 37.929
5. 12.5 24,898
6. 15.0 25.178
;' 17.5 25.238 Gradlant Well Date of Measurement 6/ 7/78
' 20.0 25.152 Depth Temp.
o 22,5 25.131 No, 2 (metars) °c
10. 25.0 25.191
11. 27.5 25.114
12, 30.0 25.114 : o0 e
13. 32.8 25.088 3 5.0 25.496
14, 35.0 25.067 a s 23 068
18. 37.5 25.084 5 10.0 29.651
16. 40,0 24,995 pe 125 31711
17. 42.5 25,003 7 150 32,766
18, 45.0 25.046 8 ”'5 33'321
19, 47.5 25.033 9 200 33.624
20, 50.0 25.152 10 22‘5 33'665
21. 52.5 25.067 11 25:0 33.692
22, 55.0 25,162 12 275 33815
23, 57.5 25.492 13 30.0 33918
24, 60.0 25.276 14 az.5 33.994
25, §2.5 25.276 15 35.0 34.161
26. 65.0 25.294 16 37.5 34,357
17 40,0 34.512
Gradlent wWall Date of Msasuremant 5/ 9/78 ig :::g g::ggé
No. 1 Depth Tamp. 20 a7.5 35.072
{meters) c 21 ' 50.0 35.314
22 52.5 35.558
1 2.8 20.301 23 55.0 35.896
32 5.0 21.136 24 575 36.171
M 1;‘;'3 g;-‘::? 25 60.0 36.379
p 125 2 eon 26 62.5 36.511
: . 27 65.0 36.691
6 15.0 24.158 28 67.5 36.88
; ”'g 24.26 29 70.0 37.088
5 gg-o g:-:;:" 30 72.5 37.257
. . a1 75.0 37.394
10 50.0 24.166 3z 77.5 37.533
n 62.5 24.307 33 80.0 37.705
aa 82.5 37.854
Gradlent Waelil Date of Measuramient 5/29/78 35 84.0 37.291
No. 1 Dapth 'l;arnp.
{matars) QGradlant Wall Date of Measurement 10/27/78
1 2.5 21.709 No. 2 Depth Temp.
2 5.0 22.416 [maters} (o]
3 7.5 22.869
a 10.0 22.778 1 o, 13.129
5 12.5 23.484 2 2.5 22,729
6 15.0 24.026 3 5.0 23.604
7 17.5 24.23 4 7.5 25.174
8 20.0 24,273 5 100 27.908
9 22.5 24.226 6 12.5 30.829
10 25.0 24,149 7 15.0 32.571
11 271.5 24.111 8 17.5 33.379
12 30.0 24.09 9 20.0 33574
13 32.5 24.06 10 22.5 33.594
14 35.0 24.039 11 25.0 33.635
15 ars 23,997 12 27.5 33.723
16 40.0 23.967 13 30.0 33,873
17 42,3 23.942 14 32.5 33.914
18 45.0 23.934 15 35.0 33.969
19 a7.5 23.934 16 37.5 34.163
20 50.0 23.929 17 40.0 34.296
21 52.5 23.963 18 42.5 34.457
22 55.0 24.073 19 45.0 34.627
23 57.5 24.115 20 47,5 34,791
24 60.0 24.128 21 50.0 35.021
25 62.5 24.12 22 52.5 35.276
23 55.0 35.631
24 57.5 35.878
28 60.0 36.03



26 62.5 36.151
27 65.0 36.336
28 67.5 36.513
29 70.0 36.669
30 72.5 36.826
a1 75 36.953
az 77.5 37.08
a3 80.0 37.224
34 82.5 37.353
Gradlent Weill Data of Measurement 5/9/78
Depth Temp.
No. 3 {metars) °c
1 2.5 30.483
2 L] 40.63
3 7.5 43.03
4 10 43.457
5 12.5 43.447
6 15 43.457
7 17.5 43.457
8 25 43.478
3 50 43.56
10 75 43.735
11 82.5 43.652
Gradient Woll Date of Measurerment §/7/78
Depth Tamp.
No, 3 {meters) ®
1 [+ 26.153
2 2.5 3%.404
3 5 41.521
4 7.5 42.191
5 10 42.282
6 12.5 42.282
7 15 42.282
8 25 42.282
9 50 42,252
10 75 42,344
11 82.5 42.395

Gradlent Wall

Date of Measurement 10/27/78

Depth Temp.
No. 3 {meters) °c
1 2.5 27.226
2 5 39.581
3 7.5 41.325
4 10 41.756
5 12.5 41.795
6 75 41.835
7 a5 41,835
Gradlant Well Date of Measurernent 5/11/78
Dapth Temp,
No, 4 {metars) °c
1 2.5 12.352
2 5 12,935
3 7.5 12.158
4 10 12,322
5 12,5 12.822
6 15 13.049
7 17.5 13.818
8 20 1467
9 22,5 1487
10 25 14921
11 27.5 14.996
12 3o 15.098
13 32.5 15.098
14 3% 15.162
15 37.5 15.251
16 40 15.251
17 a2.5 15.303
18 a5 15458
19 47.5 1551
20 50 15.614

41.

Gradlent Well Uate of Measuremant 6/7/78
Dapth Temp
No. 4 (moters) %
1 2.5 7.367
2 5 8.339
3 7.5 9.804
4 10 10.439
5 12.5 10966
6 15 11.565
7 17.5 12.496
a 20 13.463
9 22.5 13643
10 25 13.887
11 27.5 14.047
12 30 14.173
13 32,5 14216
14 35 14.246
15 ars 14.294
16 40 14,373
17 42.5 14.409
18 45 14,552
19 47.5 14.586
20 50 14.666
Gradlant Well Date of Measurement 10/27,/78
Depth Temgp,
Mo. 4 {metars) ‘e
1 2.5 11.11
2 -] 10.011
3 7.5 9.494
4 10 9.912
5 12.5 10.624
6 15 10.925
7 17.5% 12,348
8 20 13,437
9 22.5 13.641
10 25 13,858
11 27.8 13.958
12 30. 13.968
13 32.3 13,971
14 as 13.9948
15 7.5 14.059
18 40 14,12
17 42.5 14,222
18 45 14.301
19 47.5 14.324
20 50 14,378
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