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FOREWORD

The work reported herein was accomplished during the summer of 1964.
Because springs of the type under consideration are not generally subject to wide
fluctuations in flow rate and quality, it was felt that a single extensive study and
sampling would provide meaningful and useful information. Such an investiga-
tion certainly accomplishes a useful “sorting” of important and unimportant
mineralized spring water sources in terms of their effect on major water supplies.
It also reveals instances where management is critical and suggests possible man-
agement schemes. It is hoped that the results reported will constitute a significant

element in planning for complete utilization of Utah’s water supplies.

The project was suggested as a cooperative effort between staff of the Utah
Water Research Laboratory and the Utah Water and Power Board. Jay M. Bagley
conceived the project and gave general guidance throughout. James H. Milligan
assumed major responsibility in the fieldwork of collecting samples and obtaining
flow measurements. He also contributed heavily to the preparation of the manu-
script. Mr. Milligan worked closely with Ray E. Marsell, who brought a wealth
of geological understanding and experience to the project. Stewart Williams
accompanied by the senior author on one field trip and added significantly to the
general understanding. Likewise, Edwin Haycock participated in some of the field-

work and advised generally as the work was brought to conclusion.




TABLE OF CONTENTS

Page
TINIER @D CHIET (O N s & S s 5 SR e e A S 1
Need and Importance of Study......oooooeoooeeeieiemeee e 1
Quality as a Dimension of Water ... 1
General Location and Distribution of Mineral Springs.........cooovorrines 1
Previous Studies of Mineralized SPrings.........occoooormemueemiemceseinecimecseaceas 2
GEOLOGY AND MORPHOGENETICS OF MINERAL SPRINGS.......... 3
Origin and General CharaCteristics...........ooovmurommmmmomeeee oo 3
RE|ati ONRLO SE AN LD Z0T oMt S SN LT SRS 2 ) s T 4
CHEMICAL CHARACTERISTICS OF UTAH’S
MINBRATASBRINESSiget b 4 Sty e b slomaibrg sl ol 6
Measured Properties and Constituents..............oveeeceeeemnececececeeeeeees 6
Specific electrical CONAUCHANCE.....ovrrmeeeeeeeeeeeeeee e 6
Hydrogen-ion concentration (PH)......oooooooeees 6
DiSSOIVEd SOLIAS. . oo ememe e e senn e e ce e amnnnenne 7
LY L g B e N e S S 7
Caleiuinmes. ss=esl, S i bal Al il o stbiasaeila ] JUneaos sl 7
MAGNESIIML ..o nmes s eressoms s ems s e os 8
O T s sl s g i i e S s A SN DS 8
Rotassiimemes-snnglany N sapinkand wlf 0t iediently LRl b 8
Carbonate and bicarbonate. ... oo 8
ST L el o e i |y il S s e 9
Ghlotidehle Iaes 0 WEM S Sl - Crluny e 9
IVineRI@onstituentsy S B SEIRRI BEE S ST 9
O TN . . Ao - 0 Bl e el =S b Wbl bt o S o o b 9
L S TV St SO SOt W R 9
BT TIE I SN S I B ST R e A e er e 10
Tt D aissein st b inepl et 'Sl 1St et e ot Mescsloohin, Do o 10
S FT O L T a) i o N S PP el N G 0 ot T S s e o0 10
(GeSinmty et ol oI008 R o a2l 11
Sample Data and Chemical Analyses ................. o oy A 11
RESULTS AND COMMENTARY BY
HYIDREOEEGIERSUBI YL ST @ N e A 13
The Great Salt Lake Desert Unit....oooooooeoeeeeeeeeeeeeeeeeeeeeeeeemeenenen 13
Grantsville Warm SPrings.........ccocoeocorecncoreneecmecseemecanessenecaeeaseseeens 13
T L L 13
8,7 G N LY U 13
Promontory Point Hot Spring............. 13
RSORS00 L bt el o s sersomsvanonsssiosasions sefuns 13
TR S D U N SR SN . 15
Bl e, ot s b kel L I i b e it 15
T P TR N SRR EER RN 1 - - S 15
B ear Ry e o e i B 20
Battle Creek Hot SPring..........oooi e 20

Viticent Hok SPUBES..... ... gohesasinbrbiottpesaistesdusin ioost ioemetansebiussns 20




TABLE OF CONTENTS (continued)

Page

Capiles Susingesed sl sy i euiaiici el Lleab by tats 20
g I S G 21
Price's Hot Spring-:. 50000 ROS G gt b il S0 00 TR 22
By bl e G ) W e SRS Loy SO et SR SRS 22
MagieMineral Spring. . 24
ot R T U o e et B A 24
L R T N S e e A N 25
L O e . . R 25
90T R T a0 26
JordanSIRIVerml nit s e e S B e e 26
i doal - e O e A A s N WA ST LTI LT 26
Wasarehir Ol SIUBEE Lok o Lol i i anse coimaninnsiobings boomporbainnsilhds 26
Crsil 210t SEOMES. ... o il T Al b ) el Eee g 28
Camp Williams Warm Springs...........o.oooooooomoeeoeeeeeeee e 29
Coshen Warmm SPINgS . ... .o chopeneenenmmeesbtmnear e i 29
sl O s . e ettt estes ez bmencts 29
DiamondoFork Wasm/ Springac o ousiiin il Sl 31
Sonfh Balttireak Spnng .. o ol 31
North Salt Creek Spring...........ooo 32
Uliails Eule SEOw SPRREs. . M. L s rl gl L LA 32
Mitway Hob Spriagss. ... tcoiimiiiini e SO TR 36
e e s - R e e 36
Monroe Hot SPrings ...........ocoooeeeceeeeeeeeeeeeseee oo eseeemseennene 37
Red Bhll Hat Springidod ool aoad add o sl comding aiel) 37
Joseph Hot Speings. .. . .gasd Ll d e 39
Resbmiond Bake o ot g o bl et Mt L 39
Abraham Hot SPrings ..o eeem s emsenens 39
The Colit Unit . otcooo i degl] . allomsetibd cpnn. as s el 40
Thesmo Hob Sprngs . .. oo o sl 40
The Ul Unik ... et} sb sl sl slt 08 nsdasind i Belels 40
Split Mountain Warm Springs ..., 40
ooy g N TSR L R 41
The West Colorado Uit ...\ Seat B St pbior- smnioni: duas ) 41:2 41
The South and East Colorado Unit ................ooooooooeeoeeeeeeeeeeeeen. 42
LaVierkin oL Spiinss. .. ol s st i oo, ctinba.ad t 42
MANAGEMENT AND CONTROL POSSIBILITIES ..o 44
Great Salt Lake Desert Unit ... . 44
TR U S N R W L Y 44
Jomdan Wit ©of e b e Fa i gt L 45
Seer WL o o e e et L e b 46
Uinln Bl ool vima-puninsst-doii. i L L0 satudl, bpe acssadlding 46
Svnth and Fast Colomado Blmib notewisi. ol domelbie cquig? jobl tope: 47
B N R e e irermepemraremimis i SOE 0 48
REFERENGCES ... 49




LIST OF FIGURES

Figure Page
1 General location and distribution of Utah’s mineral springs ............... 2a
2 Diagram showing origin of deep-seated SPrings ... 3
3 Relation of mineral spring location and major fault zones ... 4a
4 Mineral production for springs in the

Great Salt Lake Desert Hydrologic unit ... 10
5 Mineral production for springs in the

Beat River and. Weber Ryduologie ity ........ ... ocioosbitaseiosssionsinmcannee 11
6 Mineral production for springs in the Jordan River hydrologic unit ... 11
7 Mineral production for springs in the Sevier River hydrologic unit ... 12
8 Mineral production for springs in the Cedar, Uinta, and

South and East Colorado hydrologic units ... 12
9 Big Spring near Timpie with

salt flats of Great Salt Lake in the background ... 14

10 Typical springs in the Locomotive Springs Wildlife Refuge ................. 16

11 Blue Spring near Howell as it arises in the streambed of Blue Creek ........ 17

12 Views of Wilson Hot Springs, typical of the Fish Springs area

R T ORI E e T 1 QRN 1) Y, S 18

13 Gandy Warm Springs as they emerge into

western margin of Snake Valley ... 19
14 Idaho mineral springs on the Bear River include

Battle Covck TI0E BRGNS oot oo BRGLSE ILEL il 20
15  Aerial view of Bear River just below Cutler Dam where

mineral springs discharge from bed and banks ... . 21
16 Crystal Springs near Honeyville, Utah ... 22
17 Price’s Hot Springs near Woodruff, Idaho, which flow directly into

Malad River, tributary to the Bear River in Utah ... . iz
18 Udy’s Hot Springs near Plymouth, Utah, showing one of the main

pools emptying directly into the Malad River ... . 23
19 Salt Creek Springs near Bothwell, Utah,

looking south in direction of flow ... 24
20 The stream of water from Salt Creek Spring near Bothwell ... . . 25
21 Mineral Spring area southwest of Utah State Prison

B a8 Ay O SRR .. e s et inss sttt 28

22 Typical springs of the Goshen Warm Springs group east of Goshen, Utah 30

23 Diamond Fork Warm Spring at the base of the road fill ... 31

24 Lincoln Point mineral springs in south end of Utah Lake ... 33

25 Monroe Hot Springs area showing build-up of travertine terrace ............ 37

26 Bathhouse and flume at Red Hill Hot Spring near Monroe, Utah .......... 38

27 Joseph Hot Springs adjacent to irrigation canal ... ... 39

28 LaVerkin Hot Springs issuing directly into the Virgin River

during low flow S€aSOM ... 42

29 The reach of the Virgin River where

LaVerkin Hot Springs iSSUE ........c.oooooorccuomoremomeeoeeeeeeeeeeee e 43




LIST OF TABLES

Table Page
1 Chemical analyses and quality of mineralized springs in Utah ............ 12a
2 Chemical analyses of thermal waters along warm springs fault ... 27
3 Flows and temperatures of Lincoln Point Springs ... 351
4 Estimated inflow to Utah Lake from White Lake and mineralized springs 34
5 Concentration of dissolved solids and percent sodium of

mineral springs discharging into Utah Lake ... 34
6 Chemical analyses of springs in and around Utah Lake ................... 35
7 Estimated average discharge and quality of water, Virgin River at

Littlefield, Arizona; present conditions and conditions after
development of Dixie Project, Utah ... slowgs o s Lo 47




INTRODUCTION

Need and Importance of Study

Water demands in Utah are continuously increas-
ing. It is essential that these demands be met to insure
the continued enhancement of the social and economic
well-being of all sectors of our society. Since water
needs must be met from a relatively fixed water supply
it is imperative that supplies be managed for complete
utilization in such a way that all legitimate require-
ments can be satisfied.

As our available water supplies are used more com-
pletely by making a given supply satisfy more than one
use, water quality problems become more pronounced.
The multiplicity of uses to which water may be put as
it moves through a hydrologic system is limited only as
its quality is reduced below acceptable standards of par-
ticular users, or as its quantity is reduced through eva-
potranspiration. Thus, a water supply may be reduced
just as effectively by lowering its quality as if it is con-
sumed or otherwise transported from a region.

-In several areas of Utah, water quality problems are
aggravated by contributions of highly mineralized
springs. These feed into regular water supplies, thus im-
pairing or completely destroying their usefulness —
especially during periods of low streamflow. An inven-
tory of sources of such mineralized springs, their quan-
tities and qualities, along with an evaluation of their
effects on natural waters, might suggest possible man-
agement and control measures which could materially
extend the usefulness of certain water supplies in the
state.

Specifically, the major objectives of this investiga-
tion were:

1. To obtain an inventory of mineralized spring
waters with respect to location, hydrologic and geologic
setting, and quantity and quality of water.

2. To make an appraisal of current and potential
effects of these springs on important usable supplies.

3. To evaluate possible management and control
measures aimed at extending the usefulness of principal
water supplies.

Quality as a Dimension of Water

The ever enlarging spectrum of water demands
places increasing emphasis on quality as an important
and often critical dimension of water. Quality is a dy-
namic parameter inextricably associated with the hydro-

il i

logic flow system. Many natural processes and human
activities affect the quality of surface and subsurface
waters. Quality becomes a term to describe the com-
posite, chemical, physical, and biological characteristics
of water with respect to its suitability for a particular
use. Most interest in water quality still centers around
supplies for ordinary household or domestic, agricul-
tural, and industrial purposes. However, the spectrum
of beneficial uses is extending rapidly beyond these.

A detailed discussion of water quality criteria, stand-
ards, or requirements is not appropriate here. Suffice
it to say that the harmful effects of the kind of waters
reported herein could extend to nearly all kinds of uses
principally through their chemical and thermal prop-
erties. The high temperatures of most mineralized
springs would make them unsuitable for many indus-
trial uses and could injure aquatic life. The mineral
content of such springs is commonly much higher than
can be tolerated (without special treatment) in domes-
tic, industrial, or agricultural use. Regardless of the
current or potential water use, an understanding of the
quality of these spring waters and the ability to predict
the effect of their contributions at various down-stream
points is essential to any overall quality management
program.

General Location and Distribution
of Mineral Springs

The location of the mineralized springs included in
this study is shown in Fig. 1. For greater utility and
compatibility with other hydrologic studies, the infor-
mation and discussion has been organized according to
the major hydrologic units outlined in this figure. The
name and code numbers of these hydrologic units. are:
Columbia River (0), Great Salt Lake Desert (1), Bear
River (2), Weber River (3), Jordan River (4), Sevier
River (5), Cedar (6), Uinta (7), West Colorado (8), and
South and East Colorado (9). Actually, no mineralized
springs are reported in the Columbia River Unit which
includes the Raft River drainage in the extreme north-
western corner of the state.

Most of the mineralized springs in Utah occur in
the Great Basin drainage. Only a relatively few are
found in the Colorado River drainage of Utah. This
distributional pattern reflects the geologic differences
between the two basins. There are, however, numerous




seeps in the Colorado River drainage which are min-
eralized. These have been located and described in U.S.
Geological Survey Professional Paper No. 442 (Iorns,
1964 ).

The principal river systems of Utah are also outlined
in Fig. 1. The stream systems of greatest mineral
spring occurrence are the Bear, Jordan, and Sevier.
However, the size, location, and particular mineral con-
stituents determine the extensiveness of any detri-
mental effect on any river system. Some springs may
cause very localized water quality problems. In other
instances mineralized spring waters may be used bene-
ficially under proper management with no apparent
problems. Others, of course, contribute significantly to
the dissolved mineral content of downstream flows.

Some 48 mineral spring areas were analyzed and are
reported herein. Only those springs having an electrical
conductivity of 1200 micromhos or greater were selected
for purposes of this study.

Previous Studies of Mineral Springs

The earliest interest in mineralized springs in the
United States was in their use as health resorts. Several
articles and books dealing with the medicinal value of
these springs and their names, temperature, and loca-
tions were published at an early date. A treatise on the
mineral springs of the United States entitled “Baths
and Mineral Waters,” written by John Bell (Peale,
1894) and published in 1831, gives “. . . a history of the
chemical composition and medicinal properties of the
chief mineral springs of the United States and Europe.”
This report listed only 21 localities for the United
States but in a later publication in 1855 the list was
increased to 181 localities. At these carly dates very
little was known about the Mountain West, and as
more information became available the list of mineral-
ized springs expanded rapidly.

In the latter part of the 1800’s, geologists became
interested in the study of mineralized springs because of
the information these springs conveyed concerning the
composition and structure of the earth’s crust. In 1875
Gilbert compiled a table and map of thermal springs in
the United States (Gilbert, 1875). Many of the data
for his report were gathered from reports of exploring
parties in the still little-known West.

Gilbert’s work was a very thorough study consider-
ing the information then available. In fact, his map did
not differ greatly from a later map published by Stearns,
Stearns and Waring (1937) in a report entitled “Ther-
mal Springs in the United States.”

The geologists who studied these mineralized springs

1 References are listed alphabetically at the end of the report.

e

were generally interested in three problems — the source
of the water, the source of the heat, and the mineral
deposits. Although hydrologic data concerning these
springs could have been collected with very little addi-
tional effort, this was rarely done. Consequently, early
reports concerning mineralized springs contain very few
data on flow rates and other hydrologic information.

The once popular health resorts, which were located
at mineral springs, have now generally disappeared.
Public health departments required and enforced chlor-
ination of bathing and swimming waters. In many
cases chlorination gave mineral waters an undesirable
appearance and smell. The advancement of medical
science also played a role in the decreasing popularity
of the “magic mineral springs.” The few surviving re-
sorts generally have converted to fresh-water swimming
pools and used the thermal spring water for heating the
fresh-water pool either by mixing or by heat-exchange
systems.

There have been a number of recent reports which
have discussed quality of ground and surface waters of
Utah. Thorne and Thorne (1951) prepared an exten-
sive inventory of irrigation water quality and devised a
system for classifying waters of the state in terms of
their effects on soils and growing crops. In 1958 the
State Engineer and the U.S. Geological Survey coop-
eratively published a compilation of “. . . all available
information that exists on the quality of ground and
surface water in Utah.” (Connor, et al,, 1958.) The
Bureau of Reclamation has made studies of water qual-
ity in some of their project areas and this information
can be found in individual project reports. The Utah
Geological and Mineralogical Survey at the University
of Utah, working in cooperation with the U.S. Geolog-
ical Survey, published a report on the “Dissolved Min-
eral Inflow to Great Salt Lake.” (Hahl and Mitchell,
1963.) This report includes chemical and some hydro-
logic data for the mineralized springs around Great Salt
Lake which discharge into the lake. The U.S. Geologi-
cal Survey has also published basic data reports which
cover most of the state and which contain some scat-
tered chemical quality and hydrologic data for mineral-
ized springs.

In nearly all water quality studies, however, samp-
ling points below the vicinity of known mineralized
springs, or below suspected inflow or contamination are
generally avoided. Only in a few instances is specific
information at such points obtained. With the excep-
tion of very recent Bureau of Reclamation projects
these sources have never been evaluated in terms of
their effect on available water supplies nor have the
merits of management and control of these mineralized
supplies been considered so as to extend the usefulness
of the supplies which they contaminate.




THE GREAT BASIN

Fig. 1. General location and distribution of Utah’s mineral springs.




GEOLOGY AND MORPHOGENETICS OF MINERAL SPRINGS

Origin and General Characteristics

Most ground water which emerges as mineralized
springs is deep-seated water as opposed to “shallow”
ground water moving through materials closer to the
earth’s surface under hydrostatic pressures. Deep-seated
waters have a complex origin, that is, they may include
water derived by absorption from the surface, water
trapped in sedimentary rocks at the time of their origin,
and water expelled from igneous rocks during crystalli-
zation. It is believed that the movement of these deep-
seated waters is not due to hydrostatic head, or in other
words, these waters are not connected with overlying
and connecting bodies of water. The flow of these
deep-seated waters is believed to be due to thermal and
pressure gradients operative deep within the earth. A
spring with a constant flow not subject to seasonal
changes and with a high temperature probably has a
deep-seated origin. Further evidence as to the deep-
seated origin of mineralized spring water is the presence
of important faults or other structures along which the
water could rise.

Springs due to deep-seated water are sometimes
divided into two classes according to their geographical
location with respect to volcanic or tectonic disturbance.
Three types of springs related to volcanic and tectonic
disturbance and the probable character of the fissures
which permit the water to rise are shown in Fig. 2.

Volcanic
Springs Fault

’}‘L sosteg
T

{

Zone of Xractune

Zone of Flow

Spring Fissure

Fig. 2. Diagram showing origin of deep-seated
springs.

Volcanic springs are associated with past or present
volcanism and derive their origin either in water ex-
pelled from the underlying magma or in surface water
that has come in contact with highly heated rocks and
has derived definite characteristics from this association.
Generally, volcanic springs have relatively constant
flows and are highly mineralized.

Fissure springs comprise the other group of springs
which derive their water from deep-seated origins.
These springs are much like volcanic springs in that
they generally have constant flow not subject to annual
variations and they are usually warm or hot and highly
mineralized. These springs, however, appear to rise
along major fractures in the earth’s crust which appear
to be very deep.

Some fissure springs lie along definite lines known
to be recent faults involving earth blocks of great depth.
Such springs are called fault springs. Faulting seems to
produce the fractures which allow these deep waters to
rise and carry the temperature and minerals of the
deeper crust to the surface. This type of mineralized
spring is especially common in the Great Basin where
most of the mountain ranges have been formed by
basin-and-range faulting. The classic example of springs
of this type is found in the Great Basin in Utah just
east of the Fish Springs Range in Juab County. The
range has a distinct and recent fault running along the
eastern flank and is evidenced by a fresh fault scarp in
the alluvium near Fish Springs. Four groups of min-
eralized springs lie east of the range on a curved line
close to the mountains and at the base of the alluvial
slope. This group of springs definitely shows fault con-
trol. On the other hand, there are many fissure springs
which show no structural evidence of origin and are
not classified as fault springs. These are believed to
have deep origin because of fairly constant flow, ele-
vated temperatures, and high mineral content.

Some mineralized springs may not be due to deep-
seated water. Most of the springs in this group would
either be contact springs or artesian springs. These
springs are due to meteoric and occasionally other wa-
ters moving as ground water under hydrostatic head;
many of these fluctuate in flow with precipitation.
Most of these waters become mineralized because of
contact with old marine shales. Minerals are dissolved
by the water on contact with salty shales.

The geological problems relating to thermal springs
are generally centered around (1) the source of the
water; (2) the source of the heat; and (3) the nature of
the associated geologic structure. These are discussed




briefly in the following paragraphs.

The source of water, for the most part, is probably
surface water (meteoric water) originating in precipita-
tion, which descends to depths in the earth, becomes
heated, and rises again to issue at the surface as thermal
springs. Some water may come from sedimentary rocks,
the water having been entrapped in the original sedi-
ments at the time of their deposition. Such water is
called “connate” water and it is generally highly saline.
Still another source is water expelled by cooling bodies
of igneous rock, either from relatively young, thick lava
flows or from large, deeply-buried igneous intrusions.
Water, in the form of superheated water-vapor, along
with other volcanic gases, is condensed by contact with
cooler rocks or ground water as it rises toward the
earth’s surface. In volcanic regions especially, at least
some of the water, called “juvenile water,” may be of
magmatic origin, though even here it is often difficult
to prove.

Thermal springs may derive their heat from several
sources. The most important source is generally the
normal increase in temperature of the earth in depth.
Abundant data from deep mine workings and deeper
bore holes drilled for oil indicate that there is a 1°F
rise in temperature for every increase in depth of 60 to
100 feet. In volcanic areas the rise in temperature may
be more rapid. Thus, surface water at 50° F upon de-
scending 1,000 feet may have its temperature increased
to 60° F and to 70° F at a depth of 2,000 feet. This
rise in temperature with depth is referred to as the
carth’s geothermal gradient.

Another source of heat in volcanic regions is under-
lying bodies of hot or even molten rock. Meteoric wa-
ter may be heated by contact with the hot rocks or by
the hot water vapor expelled by them. Frictional heat
of considerable magnitude is probably developed along
active faults by recent movements and therefore some
of the heat of thermal springs associated with faults
may be of this origin.

Chemical reactions beneath the surface may also
produce heat and some heat may come from the disin-
tegration of radioactive elements.

Deep fractures, extending far into the earth’s crust,
provide the most common geologic structure for circu-
lating ground water, either descending or ascending.
Faulting is the process mainly responsible for producing
the channelways along which many thermal springs
reach the surface. This is especially the case in the
Basin-and-Range province in Utah, Nevada, and Ore-
gon where the typical “fault block” mountains are bor-
dered by fault zones on one or sometimes both margins.
These faults are often many miles in length and extend
deep into the crust of the earth.

In regions of “folded” sedimentary rocks a down-

fold or “syncline” may carry water to depths where it
can be heated and then returned to the surface. Exam-
ples of such mineral springs are found in the State of
Virginia.

Relation to Fault Zones

Almost all of Utah’s mineralized springs have ele-
vated temperatures. When their locations are plotted
on the state geological map, it is evident, at a glance,
that they are closely associated with fault zones. This
relation is shown in Fig. 3.

Relatively cool water (45° F to 55° F) enters the
ground surface and descends under the force of gravity
to great depths. As these waters come in contact with
the fissures in fault zones they become heated and ex-
pand creating a convectional circulation, the denser
cold water above forcing the less dense hot water below
to rise much like that in the hot water tank at home.
The hot water issues at the surface along the fault zone
depending on the configuration on the channelways in
the fractured rocks below the surface and also on the
lowest topographic elevation where the fault zone inter-
sects the ground surface. An example of the latter type
is Beck’s Hot Spring along the Wasatch front just
north of Salt Lake City. Here the emerging water sat-
urates the fault zone for a considerable distance and
“spills over” at lowest topographic elevations.

Commonly the heated water finds freer avenues of
escape to the surface along the more open fissures in the
“footwall” of the fault than along the major fault plane
itself. Thus many thermal springs issue at points sev-
eral hundred feet back from the associated fault zone.
Examples are: the Cutler Thermal Springs, where Bear
River breaches the Wasatch Range; the hot springs at
the mouth of Ogden Canyon; and the LaVerkin Hot
Springs along the Virgin River just east of the Hurri-
cane Fault Zone.

Some thermal springs in western Utah are evidently
connected with faults buried by thick, unconsolidated
deposits on valley floors. The alluvial fill may not be
faulted and the only indication of the concealed fault
is the presence, location, and alignment of the hot
springs themselves. A study in 1957 by the U.S. Geo-
logical Survey of ground water temperatures in wells in
lower Jordan Valley revealed the presence of a narrow
zone, about a mile in width, trending northward from
a point about two miles west of Granger for a distance
of six miles within which well water temperatures
ranged from 70° F to 83° F. This strip with its ele-
vated ground water temperatures coincides with the
position of a buried fault indicated by a gravity survey
previously made of the area by the Geological Survey.
Additional confirmation of the presence of a fault in
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Fig. 3. Relation of mineral spring locations to major fault zones.




this locality, concealed by alluvium, was the occurrence
of a major earthquake along this same zone on Septem-
ber 5, 1962.

Many fault movements produce strong earthquakes
but are not severe enough to rupture the ground sur-
face, especially if the fault lies buried by thick alluvial
deposits. Two recent examples of major earthquakes
in Utah illustrate this fact. On August 30, 1962, a
strong earthquake was felt in northern Cache Valley,
near Lewiston, with a Richter magnitude of 5.8, while
six days later, as previously mentioned, a major quake
occurred in Salt Lake Valley with a magnitude of 5.0.
In both instances painstaking search failed to discover
any evidence that the fault movements had breached
the ground surface.

The major fault zones in Utah are: (1) Hansel Val-
ley, with Locomotive Springs being the principal asso-
ciated spring; (2) the Wasatch Fault Zone in north
central Utah, with five thermal springs, namely (from
north to south), (a) the Cutler Springs, (b) Crystal
Springs, near Honeyville, (¢) Utah Hot Springs, at the
tip of the Pleasant View Spur of the Wasatch Range,
north of Ogden, (d) the Ogden Canyon Hot Springs at
the mouth of Ogden Canyon, and (e) Beck’s Hot
Spring, north of Salt Lake City; (3) the Sevier Fault
Zone in south central Utah with two thermal springs,
the Red Hill Spring, and the Monroe Hot Springs, both
near Monroe; (4) the Elsinore (Tushar) Fault Zone in
central Utah with one thermal spring, the Joseph Hot
Spring; and (5) the Hurricane Fault Zone with one
major spring, the LaVerkin Hot Springs on Virgin
River in Washington County. These are indicated in
Fig. 3.

The distribution of the thermal springs, associated
with the fault zones mentioned above, discloses the
puzzling fact that long segments of each fault zone are
without springs, either hot or cold. For example, no
thermal springs are known to occur along the Wasatch
Fault Zone between Honeyville, north of Brigham
City, and Pleasant View, north of Ogden, and none are

present between the mouth of Ogden Canyon and
Beck’s Hot Spring, near Salt Lake City. From the latter
locality to the southern end of the Wasatch Fault
Zone, for a distance of over 80 miles, through Salt
Lake, Utah, and Juab counties, no thermal springs are
known in close association with the fault zone. To note
their absence is one thing; to explain it is quite another.
One possible explanation for the absence of thermal
springs along the Wasatch Fault Zone south of Big
Cottonwood Canyon in Salt Lake County, and farther
south through Utah County, is the great thickness of
unconsolidated “valley fill” bordering the fault zone
that may absorb the thermal waters as they rise before
they can reach the surface.

A similar long stretch along the Sevier Fault Zone
from Monroe south to the Arizona line for a distance
of over 120 miles is without known thermal springs.
The Hurricane Fault Zone, which extends southward
from near Cove Fort to the Arizona line and thence
across the Arizona “strip” and the Grand Canyon, is
singularly free of associated thermal spirngs. Only one
extensive spring area is known, the LaVerkin Springs.

Many thermal springs associated with areas of an-
cient, as well as more recent volcanic activity, have now
ceased to flow. An example is the Hatton Spring area
in Pavant Valley, where (judging from the size and ex-
tent of the tufa and travertine deposits that remain) the
former springs must have been large and in existence
for a long period of time. A north-south linear belt of
cinder cones and geologically recent basalt flows char-
acterize this volcanic field, beginning at the north end
with Pavant Butte, an extinct volcano, and trending
south through the Fillmore Craters to a cinder cone
south of Kanosh.

The hot springs north of Abraham in Millard Coun-
ty arise near Fumerole Butte, an old volcanic vent in
the center of a lava field. The spring waters probably
derive their heat from volcanic rocks that are slowly
cooling at depth. The water, however, is mostly mete-
oric in origin.



CHEMICAL CHARACTERISTICS OF UTAH’'S MINERAL SPRINGS

Measured Properties and Constituents

The properties and constituents commonly reported
in water analyses will be discussed in some detail in
this section in order to provide a better understanding
of the nature of each constituent and to indicate pos-
sible sources from which it may be derived and the
range of concentration normally expected. A major
source of information for this discussion and further
detail may be found in U.S. Geological Survey Water
Supply Paper No. 1473 (Hem, 1959).

Specific electrical conductance. Electrical conduc-
tance is the ability of a substance to conduct electrical
current. Specific electrical conductance (EC) is the
conductance of a cube of the substance 1 cm. on a side.
The conductivity of water solutions of mineral matter
increases with temperature. For this reason, to make
reported values comparable, they must be reported at
the same temperature — usually 25° C.

Conductance is the inverse of resistance, so specific
conductance is reported in reciprocal ohms, or “mhos.”
To avoid inconvenient decimals, water conductivity
data are reported in micromhos (millionths of mhos).
Before October 1, 1947, the specific conductance data
reported by the U.S. Geological Survey were reported
as mhos x 10°, and to convert these values to micro-
mhos they should be multiplied by 10.

Chemically pure water has a very low conductance.
In simple dilute solutions of single-salt type a linear
relation exists between dissolved-solids concentration
and conductance.” As the concentration increases, how-
ever, the relation becomes non-linear. Natural waters
do not contain single-salt solutions. They are mixed-
salt solutions containing some substances as dissolved
solids which do not ionize or dissociate. These non-
ionized substances are not conductors and tend to cause
poorly defined dissolved solids-conductance relation in
waters with high concentrations of dissolved solids. Ton
mobility also changes with different solutions and also
affects the relation between dissolved solids and con-
ductance.

Because of these complexities no exact relation can
be drawn between conductance and dissolved solids in
natural waters. In the expression

Dissolved solids (ppm) = A x specific conductance
(micromhos)

the value of A may vary from 0.5 to 1.0 for natural wa-
ters but usually has a value between 0.55 and 0.75.

Specific conductance is easily determined either in
the laboratory or field, and is, therefore, a valuable tool
for screening and decision-making in the field. The de-
termination is also a valuable index used in showing
short-time quality changes in streamflow.

Conductance values may range from 0.05 micromho,
for the purest water that can be made in the laboratory,
to 195,000 micromhos, for water such as found in Great
Salt Lake. Conductivity for ocean water is about 50,000
micromhos and for ordinary single-distilled water used
in laboratory work about 1 to 5 micromhos. Conduc-
tivity of mineralized spring water is generally between
1,200 micromhos and 15,000 micromhos.

Hydrogen-ion concentration (pH). Hydrogen-ion
concentration is expressed in terms of pH units. The
pH of natural water is largely controlled by chemical
reactions and equilibria among the ions in solution.
The most important type of reaction affecting pH in
natural water is hydrolysis.

In natural water the hydrolysis due to carbonate
and bicarbonate salts usually predominates. Other
hydrolysis reactions in natural water are due to silicates,
borates, phosphates, fluorides, and a few other less com-
mon salts. All these reactions tend to raise the pH
above 7. In other words, they make the solution more
basic than acidic. Substances giving an acid reaction
upon hydrolysis are due to such salts as those of iron
and ammonium, but these salts are rarely present in
sufficient quantities to predominate in fixing the pH
of natural waters. These salts occur more often, how-
ever, in thermal springs than in other waters.

Values of pH are often used as a measure of the
solvent power of water or as an indicator of the chem-
ical behavior which certain solutions may have toward
rock minerals. In surface waters the supply of water
is usually large in comparison with the solid material
available for solution, so the pH of the water may not
be much affected by the solution of all the available
ions. The case for ground water is just the opposite




since ground water occurs in an environment where the
solids available for solution are present in excess of the
solution capacity of the water. For this reason the pH
of water that has been underground will more closely
reflect the influence of the available solid material.

Most ground water in the United States has pH
values ranging from 5.5 to 8 with some extreme values
beyond these limits. Water which contains an excess
of carbon dioxide will have pH values less than 7.0.
Natural water with pH values lower than about 4.5
may contain free mineral acids added by volcanic gases
or oxidation of sulfides. They may also contain the iron
and ammonium salts which tend to give an acid reac-
tion. Organic acids, due to the presence of organic ma-
terial, may also give pH values lower than 7.0. Higher
values of pH than 7.0 may be due to hydrolysis.

Dissolved solids. “Total dissolved solids” (TDS)
and “dissolved solids content” are terms commonly
used to describe the mineral content of water, but these
terms lack standardization and are not really meaning-
ful unless the method of determination is indicated.
The terms may refer to the sum of the determined con-
stituents or they may refer to the residue of a known
quantity of a sample dried at 180° C or at 105° C.
Some results may differ considerably; therefore, the
method of determining dissolved-solids content is given
with the analytical results.

The unit most commonly used to express dissolved
solids content, and that is the basis of most quantitative
expressions in this report, is parts per million (ppm).
This unit expresses the number of milligrams of solute
in 1 liter of solution. Ordinarily, in assuming that 1
liter of naturally occurring water weighs 1 kilogram, the
error is small and is neglected.

Dissolved-solids content may also be described in
milligram equivalents per million, commonly contrac-
ted to equivalents per million (epm). Equivalents per
million are computed by dividing the concentration of
an ion, in parts per million, by the combining weight
(atomic or molecular weight divided by the balance) of
the same ion. The term equivalents per million takes
into account the concept of chemical equivalence and is
useful in the analysis of water mixtures and in other
chemical interpretations and evaluations. Because the
number of equivalents per million of cations should
balance or equal the number of equivalents per million
of anions, a comparison of these data may indicate the
accuracy or completeness of an analysis. In addition,
the specific conductance divided by 100 is roughly equal
to the total equivalents per million of anions or cations.
If this relation does not hold for a particular analysis,

the analysis may be inaccurate, or the analysis may not
have been made for an abundant ionized constituent,
or some ionized constituent which is heavy, although
not abundant may not have been analyzed.

Major Constituents

Calcium. Calcium is present to some extent in
nearly all waters because of its widespread occurrence in
soils and rocks, and its ready solubility. Calcium is one
of the alkaline-earth metals. Also included in this group
are beryllium, magnesium, strontium, barium, and ra-
dium. Although the alkaline-earth metals have some
common properties, the more important ones will be
discussed separately since they may and often do have
very different behavior in solution.

Calcium is a major constituent of many rock types
and the precipitates contain especially large percentages.
For example, limestone is essentially composed of cal-
cium carbonate plus impurities. Since many of the
rocks found in the Cordilleran geosynclinal area (west-
ern Utah is a part) are limestone and other precipitates,
one would expect to find high concentrations of cal-
cium in the ground waters of this area. Calcium may
also be found in the clastic sedimentary rock because in
sandstone and other detrital or clastic rocks redeposited
calcium carbonate is usually one of the principal con-
stituents of the cementing material holding the rock
grains together. This cementing material may be redis-
solved as water moves through these rocks. Calcium is
also present in soils as a carbonate and in other forms.

Large amounts of calcium and bicarbonate in solu-
tion are possible when a large amount of carbon diox-
ide is available. This solution is stable when there is
sufficient pressure to prevent the escape of the carbon
dioxide. Such conditions can exist in underground
aquifers, but when the waters rise to the watertable or
to the surface in a spring, they may be supersaturated
with carbon dioxide at atmospheric pressures. Gas bub-
bles escaping from spring waters are often seen because
of this, and when the carbon dioxide escapes, the equil-
ibrium of the solution is altered and calcium carbonate
precipitates until a new balanced condition is reached
between the carbon dioxide in solution and the calcium
carbonate. Travertine deposits at spring openings where
water charged with carbon dioxide and calcium carbon-
ate issue, result from this type of deposition.

The amount of calcium that might be expected in
water has a wide range and depends largely on the
amount of carbon dioxide available, the water tempera-
ture, and the presence of other salts in the water —
especially salts of sodium and potassium. Water in soil




containing 1 to 5 percent carbon dioxide could dissolve
from 70 to 110 ppm of calcium from calcite. Waters
from limestone may contain more than 160 ppm of
calcium assuming that other salts are not present. Wa-
ter saturated with gypsum can contain about 600 ppm
of calcium at room temperature. Calcium sulfate is re-
portedly soluble to the extent of 2,400 ppm of calcium
in a saturated solution of sodium chloride. This pro-
vides an explanation of high calcium concentrations in
many of the mineralized springs.

Magnesium. Magnesium is abundant in the carbon-
ate rocks and is a major constituent causing hardness in
water. In ionic form, magnesium normally is present in
solution. Once in solution, magnesium has a stronger
tendency to remain in solution than does calcium. This
is indicated by the comparatively high concentration of
magnesium in sea water. Magnesium salts are among
the last to be deposited in the evaporite sediments since
some of the magnesium salts are very soluble.

The solubility of magnesium carbonate, like that of
calcium carbonate, is increased by the presence of car-
bon dioxide. But this reaction is less readily reversible
in the case of magnesium carbonate. The presence of
other salts in solution also increases the solubility of
magnesium carbonate.

In most waters of low to moderate dissolved-solids
concentration, the magnesium content is considerably
less than the calcium, even when expressed on an equi-
valent basis. The ratio of calcium to magnesium for
most natural waters ranges from about 5 to 1 to about
1 to 1. The value of the ratio indicates the rock type
being attacked. Higher values indicate relatively pure
limestone or the availability of gypsum for solution, and
the lower values indicate dolomitic rocks or magnesium
silicate minerals. In some cases a low value of the ratio
may indicate sea-water contamination since the ratio of
calcium to magnesium for sea water is about 1 to 5.
Where the concentration of magnesium is greater than
that of calcium, contamination by connate brines may
be indicated. This could also indicate that the water
has been in contact with some of the magnesium sili-
cate minerals.

The range of concentration of magnesium in natural
waters is large. Waters that have been subject to na-
tural base exchange may have little or no magnesium.
Ocean water, on the other hand, is high in magnesium,
having over 1,000 ppm. In closed basins where salts
may accumulate and reach very high concentrations,
magnesium brines may occur. For example, the mag-
nesium concentration in Great Salt Lake waters is in
the vicinity of 7,000 ppm. Concentrations of magne-

sium in mineralized spring waters in Utah range from
a few ppm to over 1,000 ppm.

Sodium. Sodium is by far the most abundant and
the most important of the alkali metals. It is an im-
portant constituent in igneous rocks and in the evapo-
rite sediments. Ordinarily, there is very little sodium
in carbonate rocks. Sodium, when leached from rocks,
generally tends to remain in solution since nearly all
sodium compounds are readily soluble in water. Sodium
bearing waters may in some circumstances participate in
“base-exchange” or “ion-exchange” reactions whereby
sodium replaces other cations such as calcium or mag-
nesium in clay minerals or other minerals. The range
of concentration of sodium ions in water may vary from
1 or 2 ppm in water from pure limestones to 10,000
ppm in sea water to 100,000 ppm in some saturated salt
brines. The range of concentration of sodium ions in
Utah mineralized springs is from about 400 ppm to
over 16,000 ppm.

Potassium. Sodium and potassium are both alkali
metals, but their behavior in the process of chemical
weathering from rock is different. Potassium is easily
recombined with other products of weathering, partic-
ularly the clay minerals; therefore, potassium tends to
appear in the sediments and not so much in the water.
The chief source of potassium in water is probably in
potassium-bearing feldspars and some micas.

Sodium-potassium ratios may sometimes be useful
indications of the type of rock environments to which
the waters have been subjected, but this computation
has limited value since potassium may be easily lost
from solution by absorption or other processes. Potas-
sium concentrations, like sodium concentrations, may
range from 1 or 2 ppm to several thousand ppm.
Concentrations of potassium ions in Utah’s mineralized
springs range from about 20 ppm to over 1,000 ppm.

Carbonate and bicarbonate. Because of the relative
abundance of carbonate minerals and because carbon
dioxide is readily available, bicarbonate and carbonate
are end products of chemical weathering of feldspars.
Igneous rocks include about 50 percent feldspars, and
sedimentary rocks may contain large amounts of car-
bonate and bicarbonate as a result of the weathering. of
igneous rocks. Carbonate and bicarbonate compounds
precipitate easily, however, with changes in water tem-
perature and pressure, and when CO. is released from
the water.

Ordinarily, carbonate and bicarbonate concentra-
tions in water might be expected to range from 50 ppm
in water from terranes of insoluble rock to as high as




400 ppm in water from limestone terranes. In Utah’s
mineralized spring waters, the range of concentrations
of carbonate and bicarbonate is from about 100 ppm
to 6,630 ppm, with the carbonate concentration being
much smaller than the bicarbonate concentration.

Sulfate. Sulfate commonly occurs in many of the
waters of alluvial basins in Utah as a result of leaching
of evaporites such as gypsum and anhydrite. Sulfate
may also be provided by leaching or washing from ma-
rine shales.

Sulfate compounds with calcium and magnesium
constitute permanent hardness in water. This type of
hardness is much more difficult to remove than the
temporary hardness of calcium carbonate and calcium
bicarbonate. Sulfate concentrations of more than 250
ppm may have a laxative effect when combined with
other ions, notably sodium or magnesium. Many of
the mineralized springs in Utah contain more than 250
ppm of sulfate with the range being from about 50 ppm
to about 1,500 ppm.

Chloride. The element chloride is a member of the
halogen group of elements. Chloride-bearing igneous
rock minerals are few and igneous rocks in general ap-
pear to be a very minor source of chloride. Much more
important sources are associated with sedimentary rocks,
especially the evaporites. Water from humid regions
generally is low in chlorides, while water from arid
regions generally is high in chlorides. Chloride is to be
expected in any incompletely leached deposits laid
down under the sea or in a closed basin where: chloride
was present. This is the situation to be expected in the
Great Basin drainage section of Utah.

Although igneous rocks, as mentioned above, are
generally low in chloride, volcanic gases and the water
of many hot springs contain large amounts of chloride.
White (1957) concluded that the chloride in waters of
some hot springs areas is derived from a magmatic
source and is transported from depth in a dense vapor
solution. It is questionable whether most of the chlo-
ride in Utah’s mineralized springs has a magmatic ori-
gin or whether it originates in the sediments laid down
under the sea.

Chloride compounds are not to be expected in the
alluvium down-gradient from the springs, since chloride
generally is not precipitated but is carried in solution.
This is one reason why chloride is the most abundant
anion in sea water.

Chloride-ion concentrations that may be expected in
natural waters may range from 5 ppm in the dilute wa-
ters of humid regions to as high as 155,000 ppm in sat-

urated sodium chloride brines. The chloride content of
sea water is about 19,000 ppm. The range of chloride
concentrations in mineralized springs in Utah is from
120 ppm to about 27,000 ppm.

Minor Constituents

Iron. Although iron is usually found in natural wa-
ters in comparatively small amounts, the importance of
determining these small amounts of iron in evaluating
the usability of a supply for domestic and industrial
purposes has led to the inclusion of this test in all com-
plete water analyses. The amounts of iron found in
many waters are usually so small that they are in the
same range as trace minerals that are rarely determined.

The sources of iron in water are usually the silicate
minerals of dark colored igneous rock, such as the am-
phiboles, the pyroxenes, and the dark ferromagnesian
micas. Other important iron-bearing minerals in igne-
ous rocks are sulfide minerals, such as pyrite and ferrous
sulfide, and the oxides such as magnetite. In sandstones
the iron oxides, iron hydroxides, and iron carbonates
are often present as cementing materials. Iron is pres-
sent in many carbonate rocks as a minor impurity.

The chemistry of iron in water is somewhat com-
plex because of the two possible levels of oxidation of
iron. Determinations for iron are usually reported in
terms of dissolved iron. This determination is often not
representative of conditions existing in the sample at
the time of collection, because usually by the time the
analysis is made, the ferrous iron has had some oppor-
tunity to oxidize and ferric hydroxide is precipitated.
Thus, a report of dissolved iron in a sample may be
somewhat less than the total iron in the water at the
sampling site — the difference depending largely on the
degree of oxidation since the sample was taken. Because
of these inaccuracies, data pertaining to iron have only
limited use for geochemical interpretation, but they are
useful in evaluating the suitability of the waters for
various uses.

The range of concentrations for iron varies from a
trace to over 100 ppm. For high concentrations of iron
to be possible, the pH must be less than about 3.0.
Such waters may often be found in some thermal
springs. For ground water subject to a reducing en-
vironment, concentrations of iron over 50 ppm rarely
occur.

Manganese. Manganese resembles iron in its chem-
ical behavior and in its occurrences in natural waters,
although it is generally much less abundant. In igne-
ous rocks, manganese is comparatively rare and exists




most often as an impurity in the dark colored silicate
minerals. Metamorphic and sedimentary rocks contain
minerals with more manganese. There is also some
tendency for manganese to build up in soils as they are
formed from rock weathering. Manganese found in
water is usually a result of solution of manganese from
sediments as it complexes with organic materials. If
manganese is carried by sediments to reservoirs and de-
posited there, the sediments may vield manganese to
the water in storage. Since manganese in excess of
about 0.3 ppm is objectionable in public supplies, this
process of accumulation in reservoirs may give difficulty
in water-supply reservoirs. The same reasoning holds, of
course, for manganese contributed to the water supply
system from mineralized springs.

In most natural waters the amount of manganese is
less than 0.20 ppm and ranges generally from 0.05 to
0.25 ppm. Water which is strongly acidic and high in
iron may contain concentrations of manganese as high
as 1.0 ppm.

Boron. The element boron is a minor constituent
of most rocks and of most natural waters, but boron is
a significant constituent in the waters of many hot
springs throughout the world. White (1957) and other
writers agree that high concentrations of boron in ther-
mal waters indicate a probable magmatic origin for at
least part of the thermal waters. The occurrence of
boron in water has been rather closely studied in the
western United States because amounts of boron as
small as 1.0 ppm in irrigation water and soil are dam-
aging to certain crops. Most plants are more tolerant
to boron than this, but many are damaged by concen-
trations of only 2.0 ppm. The effect of boron on plants
has been covered in some detail in reports of the U.S.
Department of Agriculture (Eaton, 1935).

The boron content of natural waters may range
from less than 0.01 ppm to 30 ppm or more. Concen-
trations above 10 ppm are decidedly unusual, and most
often occur in waters from hot springs or brines. Aver-
age sea water contains 4.6 ppm of boron. The range of
concentrations of boron in mineralized springs in Utah
is from 0.2 ppm to 12.0 ppm. Several springs have con-
centrations of boron over 2.0 ppm.

Lithium. Lithium is an alkali metal similar in many
characteristics to sodium and potassium, although lithi-
um probably does not participate extensively in base-
exchange reactions. The element lithium is compara-
tively rare. It is concentrated in complex lithium min-
erals in granite and a few other igneous and metamor-
phic rocks. It may occur in deposits of evaporite sedi-
ments.

—10 -

Data on lithium in the waters are meager; it is not
often determined in routine water analyses. However,
it has been found to be present in the waters of hot
springs or of highly mineralized brines and is usually
reported in concentrations of less than 10 ppm. Lithium
concentrations in mineralized springs in Utah range
from about 0.01 ppm to 24.0 ppm.

Strontium. The element strontium is a typical alka-
li-earth element, and it is similar chemically to calcium.
Strontium is one of the most abundant minor elements
found in igneous rocks and is important also in carbon-
ate rocks.

Strontium is not often determined in routine water
analyses, and data on strontium concentrations in water
are scarce. Some authors feel that strontium may be
available in water in amounts up to a few parts per
million more often than the available literature indi-
cates. An analysis of a chloride brine from Michigan
indicates a strontium concentration of 2,730 ppm. Most
analyses where strontium is indicated, however, show
strontium concentrations of less than 1.0 ppm. The
range of strontium concentrations found in Utah’s min-
eralized springs is from about 2.0 ppm to 22.5 ppm.
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Fig. 4. Mineral production for springs in the Great
Salt Lake Desert hydrologic unit.




Cesium. Cesium is a heavy alkali metal with be-
havior in rocks and in water very similar to that of
potassium, but it is much more readily adsorbed and
reconstituted in sedimentary minerals. This tendency
for cesium to be adsorbed by hydrolyzate sediments is
undoubtedly a major factor in keeping the concentra-
tion of cesium in water at a low level. Since cesium is
a decidedly rare element, it should not normally occur
in water in concentrations larger than traces.

Cesium concentrations in Utah’s mineralized springs
range from traces to 11 ppm.

Sample Data and Chemical Analyses

Water samples for chemical analyses were obtained
from each of the mineralized springs shown in Fig. 3.
Where pertinent, samples were also taken from the
streams into which the mineralized spring waters flow.
The results of the chemical analyses are given in Table
L

The samples were analyzed in laboratories at Utah
State University. Analyses of the cations were made for
most of the samples at the Utah Water Research Lab-
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Fig. 5. Mineral production for springs in the Bear
River and Weber River hydrologic units.

oratory by spectrophotometric methods. Analyses of
the anions, and for some samples cations as well, were
done by the Soil and Water Testing Laboratory.

The discrepancies in balances between anions and
cations may be attributed to one or more of several fac-
tors. Such discrepancies may suggest errors in measure-
ment or they may suggest interference by one ion in
the determination- of another. They may also suggest
that some important constituent or constituents have
not been determined in the analysis.

Information concerning flow of water from the
various springs was obtained by actual stream measure-
ment using stream gaging equipment, weirs, orfices, or
flumes as appropriate. Some of the spring flows were
measured several times during the course of this study.

Another meaningful way of expressing the problem
hazard of mineralized waters is to combine the dissolved
mineral concentration with the flow rate to obtain to-
tal tons per day produced. The tons per day mineral
output of the springs included in this study are recorded
in Table 1. The data are shown graphically according
to hydrologic subdivision in Figs. 4 through 8.

Mineral Production (Tons per day)

Fig. 6. Mineral production for springs in the Jordan
River hydrologic unit.
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Table 1. CHEMICAL ANALYSES AND QUALITY OF MINERALIZED SPRINGS IN UTAH
Location Date Temp. Flow Sodium Potassium Calcium Magnesium Lithium Strontium ‘Cesium | Iron |Boron Chloride* Sulfate Carbonate Bicarbonate | Totaldissolved solids l'_?C Total
Coordinate Name of spring of F° cfs by . by (micro- |hardness H Tons
sampling evaporation sum of mhos at as P per day
0, 2 (e}
ppm epm ppm epm ppm epm ppm epm ppm epfn ppm epm Ppm ppm [ppm ppm epm Ppm epm ppm epm | ppm epm “plgns C copnplnht. 25°C CaC03 salt
Hydrologic Unit| No. 1 —Great Salt Lake Desert
1964
(C-2-6) Grantsville Warm Springs 7-29 86° 0.2 13,500 587.2 258 6.6 0.26 (1.5 |[10,142 286.0 443 9.22 | 4.5 0.15| 185 3.03| 20,130 | 24,534 | 22,500 7.5 10. 87
(C-1-7)9 Big Spring nr. Timpie 7-29 n2° 7.6 2,300 100.0 170 4.3 390 19.5 320  26.3 3.60 0.52 6.8 0.16 2 0.29 (0.9 | 4,539 128.0 360 7.49 | 3.6 0.12| 188 3.09 8,960 8,335 | 12,900 | 2,291 | 7.6 [183.86
(C-1-7)9 Big Spring nr. Timpie 8-17 72° 7.6 3,450 150.0 135 3.4 160 8.0 300 24.7 3.05 0. 44 8.2 0.19 1 0.14 (0.7 | 2,386 67.3 49,5 1.03 | 4.5 0.15| 248 4.06[ 4,570 6,768 | 13,820 | 1,634 | 7.9 93.78
(B-13-5) Blue Springs nr. Howell 9-10 80° 7.6 540 23.5 32.5 0.8 83 4.1 24 2.0 0.84 0.12 | 4.6 0.10 | Trace | 0.28 (0.2 886 25.0 67.7 1.41 | 8.7 0.29| 268 4.40 2,030 1,923 3,580 306 | 8.0 41. 66
C-3-8 Deseret Springs--Skull Valle 8-17 74° 2.0 2,300 100.0 95 2.4 140 758 125 14.4 2.20 0.32 6.4 0.15 0.6 0.31 |0.6 3,454 97.4 206 4.78 0.0 0.00| 166 2.72 5, 620 6,563 9, 440 864 | 2.8 30, 35
( ) pring b/
Fish Springs Group
(C-11-14)26 North Springs 8-19 75° 2.6 700 30.4 68 17 88 4.4 105 8.6 .50 0. 4.6 0.10 | Trace | 0.25 (1.0 1,284 36.2 345 T+18 5.4 0.18| 251 4.11 2,880 2,861 4,460 652 749 20.22
(C-11-14)26 Middle & Thomas 8-19 72-78° 25.0 440 19.1 60 105 76 3.8 15 1.2 1.20 0.17 4.0 0.09 0 0.45 (0.8 617 17.4 383 7.97 3.6 0.12| 207 3.39 2,060 1,813 2,990 251 79 139.05
(C-11-14)3 Wilson's Hot Springs 8-19 95-140° 0./5 | 11,500 500.2 420 10.7 0.28 |2.7 |[11,560 326.0 146 3,05 [ 3.6 0.12| 130 2.13( 24,200 23,762 32,100 | e 49,00
(C-15-19)31C Gandy Warm Springs 8-19 80° 21.0 25 1.1 4.3 0.1 26 15} 10 0.8 0.44 0.06 3.3 0.08 0 0.13 |0.4 30.1 0.85 17.3 0.36 (4.5 0.15[ 171 2.81 420 292 469 106 | 7.9 23.81
Hydrologic Unit | No. 2 — Bear River
(Idaho) Vincent Hot Springs 7-30 180° 0.4 4,200 182.7 910 23.2 445 2252 335 27.6 11.20 3 10.5 0.2 3 0.18 |3.1 6880 194.0 38.9 0.81 [ 0.0 0.00| 372 6.10| 13,190 | 13,200 18,500 | 2,490 | 7.3 14.24
(Idaho) Battle Creek Hot Springs 7-30 1732 2.0 3,550 154, 4 660 16.9 310 15.5 305 25.1 8.20 1. /sl 0.17 0 0.32 |2.8 4, 681 132.0 302 0.63 5.4 0.18| 410 6.72 9,010 9,974 12,300 2,029 ekt 48, 65
(B-11-2)29 Honeyville Crystal (Mixed) 9-11 90° 9.0 6,988 304.0 305 7.8 383 19.1 85 7.0 0 1.27 (2.2 |10,000 282.0 221 4,61 | 0.0 0.00| 194 3.18/ 18,820 | 18,183 | 11,900 | 1,306 | 7.3 |457.33
(B-11-2)29dac | Honeyville Crystal (Cold) 9-11 63° 5.5° 425 18.5 31 0.8 76 3.8 46 3.8 0 1.07 0.2 656 18.5 56.7 1.18 | 0.0 0.00 253 4.14 1,920 1,550 2,330 379 | 7.5 28.51
(B-11-2)29dab | Honeyville Crystal (Hot) 9-11 130° 3.5- | 15,931 693.0 762 19.5 862 43.0 194 16.0 Trace | 1.86 |4.2 (23,617 666.0 438 9.12 | 0.0 0.00| 165 2.70| 43,790 | 41,985 | 43,300 | 2,951 | 7.0 [#413.82
(B-13-3) South Udy's Hot Springs 7-17 110° 0.8 2,050 89.2 180 4.6 355 17.7 335 27.6 4.40 0.63 8.6 0.20 2 0.38 |0.9 | 4,823 136.0 110 2.30 | 1.8 0.06| 154 2.53] 9,070 8,075 | 12,900 | 2,265 | 7.4 19.59
(B-13-3) ! South Udy's Hot Springs 9-11 1040 0.8 3,356 146 141 3.6 202 10.1 74 6.1 3 1.06 |1.0 | 4,752 134 93.2 1.94 | 0.0 0.00| 224 3.67) 9,190 8,847 8,210 7.2 19.85
(B-13-3) | Udy's Hot Spring 7-17 930 2.2 2,750 119. 6 155 3.9 260 13.0 320 26.3 3.40 0.49 | 9.2 0.21 2 0.27 |0.7 | 4,326 122.0 81.6 1.70 | 2.7 0.09 | 144 2.36 7,420 7,909 9,540 | 1,966 | 7.4 44,07
(B-13-3) Udy's Hot Spring 9-11 93° Zo2 2,804 122 121 3.1 158 7.9 64 5.3 3 0.86 |0.8 | 3,865 109 80.7 1.68 [ 2.7 0.09| 164 2.69 7,780 7,264 5,690 7.4 46.21
(B-13-2)27d Cutler Springs 7-17 76° 0.7 1,850 80.5 83 241 205 10.2 305 25.1 2.10 0.30 | 4.6 0.10 1 0.26 |0.4 | 2,511 70.8 68.2 1.42 | 2.7 0.09| 159 2.60 4,960 5,220 7,220 | 1,767 | 7.2 9.37
(B-11-4) Bothwell Salt Creek Springs 7-17 69° 17.0 600 26.1 37 0.9 86 4.3 190 15.6 0.75 0.11 2.45  0.05 0.5 0.28 [0.3 748 200581 79.7 1.66 | 5.4 0.18 | 289 4.74 1,590 2,050 2,990 997 | 7.7 72.98
(B-11-4) Bothwell Salt Creek Springs 9-10 690 16.0 425 18.5 325 8.3 82 4,1 24 2.0 0.75 0.11 4.6 0.10 | Trace | .29 |0.2 734 20.7 66.8 1.39 5.4 0.18| 267 4.38 1,800 1,941 3,180 304 7.9 77.76
(Idaho) Prices Hot Springs 8-11 92° 6.0 2,200 95.7 180 4.6 200 10.0 200 16.4 3.90 0.56 7.5 0.17 i 0.31 [0.6 | 2,961 83.5 60.0 1.25 [ 0.9 0.03| 170 2.78 5,810 6,024 8,855 | 1,322 | 7.4 94.12
(Idaho) Prices Hot Springs 9-11 92° 6.0 1,000 43,5 105 2o 170 8.5 135 11.1 2. 60 0.37 6.8 0.16 0.6 0.23 [0.9 | 4,504 127.0 317 6.61 [ 5.4 0,18 192 3.14| 8,680 6,453 7,940 980 | 7.7 [140.62
Hydrologic Unit | No. 3 —Weber River
(B-7-2)4dc Utah Hot Springs 8-4 136° 1.5 7,200 313.2 1,100 28.1 1,550 0.3 470, 38.6 24.0 3.46 |22.5 0.51 10 0.29 (4.6 (12,270 346.0 197 4.11 | 0.0 0.0 104 1.71| 29,400 | 23,058 | 24,700 | 5,804 | 7.3 [119.07
(B-7-2)4dc Utah Hot Springs 9-2 135° 1.8 11,500 500.2 1,310 33.5 0.21 (4.5 |12,695 358.0 i94 4.03 | 0.0 0.0 107 1.75/ 23,060 | 25,810 | 33,400 — %3 93.39
(A-4-2) 36b Como Hot Springs, Morgan 8-27 82° 341 34 1.5 7.4 0.2 86 4.3 25 0.2 0.36 0.05 3.5 0.08 0 0.32 (0.6 39.0 1.10 204 4.25 | 0.0 0.0 169 2571, 690 547 852 225 | 7.8 5.78
Hydrologic Unit No. 4 —Jordan
I
(B-1-1)25 Wasatch Hot Springs 7-29 110° 08T 1,950 84.8 118 3.0 500 25.0 240 19.7 4.0 0.58 8.0 0.18 155 0.32 5.1 3,149 88.8 850 1Ay 2.7 0.09 192 3.14 7,380 7,055 10,100 2,236 7.4 13.95
(B-1-1)25 Wasatch Spring at Tunnel 8-18 110° 0.6 2,100 91.4 110 2.8 320 16.0 215 17.7 3.45 0.50 8.0 0.18 0.75 0.32 ) B 3,294 92.9 855 17.8 0.0 0.00 140 2.30 7,060 7,069 10,500 1,684 T 11.44
(B-1-1)25 Wasatch Spring at Resort 9-2 102° 0.6 1,950 84,8 168 4.3 300 15.0 190 15.6 3.65 0.52 6.4 0.15 i | 0.22 |1.3 3,213 90. 6 840 175 0.0 0.00| 143 2.34 7,230 6,673 9,950 17531 7.6 11.71
(D-13-2) South Salt Creek at Nephi 9-1 54° 0.01 820 35,7 10.4 0.3 86 4.3 86 2 0.90 0.13 5.5 0.13 | Trace [0.08 [0.2 [ 1,145 32.3 393 8.19 [ 2.7 0.09| 131 2.14| 2,690 2,688 3,280 569 | 7.6 0.07
(D-12-3) No. Salt Creek Spring nr. Nephi| 9-1 60° 0.002 | 16,500 717.8 71 1.8 0.75 |0.5 |26,986 761.0 2,992 62.3 2.7 0.09| 140 2.30| 52,440 | 46,693 | 64,200 S| 0.28
(C-5-1 Sarat t Pool - o
(c.5.1; s:::u‘:g: ;m‘rs . g -’5’ :(1)20 0.4 220 9.6 31.5 0.8 93 4.6 10 0.8 1.80 0.26 | 4.6  0.10 | Trace |0.19 |0.8 331 9.33 409 8.52 | 1.8 0.06| 117 1.91] 1,400 1,127 1,950 273 | 7.5 1.51
(D-8-1) Lincohg] v rpin e 5_5 e 0.01 210 9.1 810! 0.8 96 4.8 15 152 1. 80 0.26 231 0.05 0 0.18 0.9 310 8.75 422 8.79 | 0.0 0.00| 126 2.07 1,410 1,221 1,860 301 | 7.6 0.04
(D-9-3) Castilla Hot § :’m ; 8-4 1380 Qo 980 40.9 185 4.7 330 16.5 210 1709 3.90 0.56 | 4.7 0.11 0.7 0.26 |1.9 | 2,429 68.5 879 18.3 0.0 0.00| 159 2. 60| 6,230 5,163 9,300 | 1,688 | 7.4 2.86
(D-9-3) Castilla Hot Spring Pt #2 9-2 o ol Lol 69.6 160 4.1 430 21.4 190 15.6 4,60 0.66 | 4.7 0.11 0.75 |[0.23 |2.0 | 2,426 68.4 1,575 32.8 0.0 0.00| 164 2. 68 7,040 6,579 | 10,100 | 1,856 | 7.5 1.52
Bring = 78 0.01 2,150 93.5 200 5.1 300 15.0 305 25.1 0.12 0,02 9.8 0.22 A3 0.08 |1.5 | 3,195 90.1 2,036 42.4 1.8 0.06| 933 1.53 8,900 8,326 | 13,300 | 2,004 | 7.3 0.24
(D-3-4 Schneitter's Hot =
(D-3-4; Kcennjgh::o; Hl:n ?:::memad g 23 ;(1’2: N 132 5.7 34 0.8 182 9.1 51 4.2 1.45 0.21 | 2.3  0.05 0 0.26 |0.9 122 3.45 764 15.9 [ 3.6 0.12| 173 2,83 1,690 1,468 2,060 664 | 7.5 1.82
(C-4-1) Cailal st oy Puilfltn 8-18 £ 2.5 200 8.7 40 1.0 265 13,2 210 17.3 1.50 0.22 2.8 0.06 | Trace [0.29 |1.2 152 4.3 778 16.2 1.8 0.06| 159 2. 60 1, 680 1,825 2,070 | 1,526 | 7.4 11.34
(D-10-1) ey Wirmgs gt el & ;i" 0.13 230 10.0 58 1.5 88 4.4 6 0.5 1. 65 0.24 | 4.0 0.09 0 D231 lova 560 15.8 53.3 1.11 [ 2.7 0.09| 140 2.30 1,410 1,149 2,370 244 | 7.6 0.49
(D-10-1) Goshen Warm Spring North 9-2 o 2090 330 14,4 25.5 0.6 52 2.6 45 3.7 0.76 0.12 3.5 0.08 | Trace [0.17 |0.3 486 12,7 91.2 1.90 | 3.9 0.13( 182 2,99 1,290 1,231 2,100 315 § .7 13.58
pring - 74 3.90 380 16.5 25.0 0.6 29 1.4 29 2.4 0. 64 0.09 4.6 0.10 0 0.30 |0.2 511 14,4 87.9 1.83 [ 0.0 0.00]| 251 4,11 1,370 1,322 2,210 192 | 7.8 14. 43
(D-10-1 Goshen W Spri = o
(D-lo-].; Go:h:: w::: SP:;:S ::::: ;3 : 7:0 4.10 320 13.9 28.5 057 52 2.6 6 0.5 0.90 0.13 1.75  0.04 0 0.20 |0.4 538 15.1 79.2 1.65 [ 3.6 0.12| 184 3.02 1,430 1,217 2,410 154 | 7.7 15.83
((D-8-5)) il w"l; Spiiu ais 7690. ?).;g_ 360 1.2.57 24.0 0.6 37 1.8 37 3.0 0.63 0.09 5.0 0.11 | Trace [0.08 |0.2 542 15.3 70.6 1.47 [ 2.7 0.09| 206 3. 38| 1,450 1,274 2,320 245 | 7.8 16.05
Hydrologic Unit T No. 5 — Sevier = 150 . 1.0 0.3 68 3.4 32 2.6 0.62. 0.09 3.3 0.08 | Trace 0.23 | 0.5 44 123 386 8.04 | 1.8 0.06 | 161 2.64 910 858 1180 302 [ 7.8 1.84
(C-25-3)11dbb | M Hot i - o
(6_25_3))1“ MZ::: H:t :P::s t73 :5 1420 0.06 480 20.9 79 2.0 225 12 24 2.0 2.10 0.30 3.0 0.07 | Trace |0.07 |2.8 599 16.9 884 18.4 | 0.0 0.00| 269 4.41 2,630 2,581 3, 620 660 | 7.4 0.43
(C-21-1)11 ks Laks 8 -6 1 X 0.06 450 19. 6 82 2.1 175 8.7 125 10.3 2.20 0,32 4.6 0.10 1.5 0.36 |2.7 592 16,7 898 T8I 3.6 0121 (12 1. 83 2,810 2,487 3,650 951 | 7.7 0.46
(C-25-4)23 e < LM 3-15 72 ’ 18.0 190 8.3 65 i, 74 83 4.1 25 2.0 2.5 0.31 253 0.05 2.4 0.22 [1.2 209 5.90 447 9.3 [ 9.0 o0.30]| 302 4,95 1,530 1,388 1,910 310 | 8.0 74.36
(C-25-3)11 = :{ill Hml; 'g - 140.245 0.02 960 41.8 85 2.2 265 13.2 230 18.9 4.15 0. 60 3.8 0.09 0.75 |0.25 |3.6 | 1,585 44,7 1,239 25.8 | 3.6 0.12| 118 1.94 5,210 3,520 6,630 | 1,608 | 7.6 0.28
pring 7-15 168 0.17 420 18.3 86 2.2 205 10.2 150 17203 2.10 0.30 |10.8 0.25 0.5 0.32 |3.6 620 17.5 893 18.6 | 2.7 0.09 90.9  1.49 2,780 2,500 3,620 | 1,129 | 7.5 1.28
(C-14-8)15 Abrah, i e
(C-M.s;u Ab::h:: :z: :P:nsﬂ b 9-1 150_10750 3.0 590 25.7 81.5 2.1 230 11.5 105 8.6 2.75 0.40 5.8 0.1 Trace [0.31 |0.9 [ 1,386 39,1 692 14.4 | 1.8 0,06 115 1.88 4,070 3,203 5,740 | 1,006 | 7.6 32.97
\ pring at Bal 9-1 150 0.2 820 35.7 78 2.0 210 10.5 175 14.4 2.50 0,36 | 6.8 0.1 Trace [0.17 |0.9 | 1,390 39.2 975 20.3 | 0.0 o0.00]| 123 2.0l 4,000 3,796 5,580 | 1,244 | 7.6 2.16
Hydrologic Unit | No. 6 — Cedar
(C-30-12)28 Th Hot Spri L o
(C-30-12088 . | Thareae Hat Sovm s Noxth o ded 0. 05 440 19.1 6.4 0.2 54 2 L2 0.1 0.27 .04 | 2.3 0.05 | Trace |0.26 |0.4 180 5.08 87.8 1.87| 7.2 0.24| 148 2,43 570 943 969 139 | 7.9 | o.07
prings Nor =20 175 0.01 440 19.1 60 1.5 76 3.8 15 1.2 1.20 0.17 4,0 0.09 0 0.26 | 1.0 205 5.77 434 9.03] 2.7 0.09| 276 4,53 1, 600 1,521 2,020 251 7.9 0.04
Hydrologic Unit | No. 7 —Uintah iTAH
(D-4-24 Split Mtn. i = o
U(C.4.7)) s:’r;w";‘e:r Ws“r'i‘:lsprmgﬂ : :7 81-30 20 145 6.3 1755 0.4 87 4.3 60 0.5 0.54 0.0 LBk 0 033181103 288 8.11 194 4.03| 2.7 0.09| 140 2o 1,080 888 1,560 464 | 7.8 | 58.32
LA -28 58 0.11 3,550 154, 4 20 0.5 78 3.9 160 13.2 1.20 0.17 7.6 0.17 [ 0.8 0.13 fi2.0 660 18.6 159 3.32(1203 40.1 [4,417 72.4 7,130 | 10,292 9,410 853 | 9.5 2.12
Hydrologic Unit No. 9 —South and East Colorado
(C-41-13)24 i i
) LaVerkin Hot Spriry 8-21 108° 11.6 2,400 104, 4 230 5.9 510 25.4 310  25.5 0.32 0.05 [10.5 0.24 1.3 0.07 |4.2 | 3,379 95.3 1,393 29.0 [ 0.0 0.00| 214 3.5 9,930 8,483 | 14,200 | 2,549 [ 7.2 [311.01




RESULTS AND COMMENTARY BY HYDROLOGIC SUBDIVISION

A brief description of the physical and geologic set-
ting of each spring or group of springs along with inter-
pretation and evaluation of this information follows and
1s organized according to hydrologic regions of the state.

The Great Salt Lake Desert Unit

Eight mineralized springs or groups of springs in the
Great Salt Lake Desert area are included in this report.
(Others are known to exist but their location precludes
likelihood of any major detrimental effect on manage-
able supplies.) These are Grantsville Warm Springs,
Big Spring near Timpie, Deseret Springs near Iosepa,
Promontory Point Hot Spring, Blue Springs near How-
ell, the Fish Springs group, Locomotive Springs, and
the Gandy Warm Spring.

Grantsville Warm Springs is a very small group of
springs about five miles northwest of Grantsville, and
north of Highway 50 in the SE V4 of the NE V4 of sec-
tion 16, T2S, R6W, at an elevation of 4,245 feet. The
springs altogether discharge about 0.2 cfs on the mud
flat bordering the southern margin of Great Salt Lake.
At one time there were six springs, a municipal bath-
house, and an open pool. The bathhouse is gone now
and only the foundation of the pool remains. Temper-
atures have ranged from 74° F to 91° F. On July 29,
1964, a temperature of 86° I was measured on the main
spring.

The controlling geologic structure is unknown, since
the thermal water issues from alluvium. The nearest
bedrock is an outcrop of the Mississippian Great Blue,
Gardison, and Humbug formations.

Grantsville Warm Springs contribute water and salt
directly to the Great Salt Lake as the water flows across
the mudflat and into the Great Salt Lake. The water
is not diverted for any use at the present time. The salt
content 1s very high (TDS greater than 20,000 ppm)
and precludes use for anything except, perhaps, for re-
covery of the salts.

Big Spring near Timpie is located at the northwest-
ern tip of the Stansbury Range, near the southwest mar-
gin of Great Salt Lake and the northern end of Skull
Valley. Actually, two large springs arise along a fault
that borders the range. The springs are located in the
SE Y of the SE Y of section 8, T1S, R7W, at an ele-
vation of 4,221 feet. The combined flow of these
springs was measured to be 7.6 cfs during most of the
summer of 1964. The temperature was measured at
72° F.

The water from these springs is only about one-third

|

as salty as the nearby Grantsville Warm Springs. The
TDS content of the Timpie springs was just over 8,000
ppm. Although this is too saline for domestic, irriga-
tion, or for most industrial uses, it is being used in a
waterfow] management unit. Since there is no abun-
dant supply of better quality water nearby for dilution,
this seems to be about the best use for this water. Big
Spring near Timpie is shown in the two photographs
of Fig. 9. The photographs also show the salt flats of
Great Salt Lake in the background.

Deseret Springs in Skull Valley consist of several
warm springs which issue at intervals along a concealed
north-south trending fault that lies west of the state
highway leading to the Dugway Proving Grounds, be-
tween Timpie Warm Springs on the north and the
Deseret or losepa Springs on the south. Deseret Springs
are located about one mile north of Tosepa or the Des-
eret Land and Livestock Ranch. Several small springs
discharge into a small reservoir in the SW Y4 of section
10, T3S, R8W, and in the W Y2 of section 15, T3S,
R8W, at an average clevation of 4,240 feet. Tempera-
ture measurements of 74° I were obtained. A com-
bined flow of 2 cfs has been estimated for this group of
springs. The water is used for stock watering and to
irrigate salt-grass meadows. These waters eventually
flow into Great Salt Lake, but do not have any effect on
other stream systems.

It is interesting to note that the fault along which
the Skull Valley springs are aligned is not the main
fault that borders the west base of the Stansbury Range,
but is an unnamed fault that lies well out from the
mountain front. Salt Mountain, a prominent hill of
Paleozoic rocks, rises from the valley floor between the
two fault zones as a fault block spur of the range. Des-
eret Springs lie at the base of Salt Mountain.

Promontory Point Hot Spring is a small thermal
spring rising on the east side of Promontory Point along
a minor fault in Precambrian Mineral Fork Tillite. A
temperature of 84° I has been recorded but no flow
measurements or analyses are included for this spring.
The water from this spring apparently is not used as it
flows directly to Great Salt Lake.

Locomotive Springs consist of several springs in a
fairly widespread area with a large combined flow. These
springs emerge from alluvium near the boundary be-
tween the moist salt flat and the drier mud flat on the
north end of Great Salt Lake. Aerial views of two of
the principal springs are shown in Fig. 10. The spring
area is part of the Locomotive Springs National Wild-
life Refuge. The springs are located in the vicinity of




Fig. 9. Big Spring near Timpie with salt flats of Great Salt Lake in the background
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Townships 11 and 12 North, and Ranges 9 and 10
West. The swamp area of the refuge varies between
4,220 and 4,225 feet in elevation. Paleozoic rocks, the
Pennsylvania Oquirth formation, outcrop five miles to
the east of the springs, which are believed to be asso-
ciated with a buried fault.

Additional information regarding the Locomotive
Springs group and other mineralized inflows to the
Great Salt Lake can be found in Water Resources Bul-
letin No. 3 of the Utah Geological and Mineralogical
Survey (Hahl and Mitchell, 1963) as well as in Techni-
cal Publication No. 10 of the Utah State Engineer’s
Office (Connor, 1958).

Blue Spring near Howell arises from alluvium in
section 29, TI13N, R5W, at the head of a “spring-sap-
ped” gully in Lake Bonneville sediments. Paleozoic
rocks outcrop nearby. The water, with a temperature of
86° F, is probably associated with a concealed fault.
A flow of 7.56 cfs was measured on September 10, 1964.
Water from the spring is impounded in Howell Reser-
voir and the water is used for irrigation. When the
Howell Reservoir is filled the spring orifice is sub-
merged. The setting of Blue Spring as it arises in the
stream bed of Blue Creek is shown in Fig. 11.

Fish Springs consist of a group of thermal springs
occurring at the northeastern end of the Fish Springs
Range. Fish Springs Range is a typical north-south
trending fault block mountain tilted to the west and
bordered along the eastern flank by a fault zone that is
still active as indicated by a fresh scarp in the alluvium
near Fish Springs.

Four groups of springs in the Fish Springs area lie
immediately east of the Fish Springs Range. The
northernmost spring area, Hot Springs or Wilson's Hot
Springs, issues at the extreme northern tip of the range;
Big Spring is a mile to the southeast, and Middle and
Thomas Springs are a group three miles south of Big
Spring. These three groups are located in T11S, R14W.
The fourth, known as Cane Spring, is located seven
miles to the south in T12S, R14W.

The elevated temperatures of these springs and their
mineralized character suggest a deep-seated source of
water, but the fluctuations in flow and the fact that
the temperatures are not excessive suggest that there
is meteoric water mixing and intermingling in the
alluvium with the hot mineralized water from a deep
source.

Cane Spring is situated at the margin of the central
valley flat or “playa,” and at the toe of an alluvial fan.

<5 | g

The nature of its mineral content and its small flow
suggests that most of the mineral or thermal water gets
into the fan from the now buried southern extension
of the same fault that feeds the northern group of
springs. The flow from Cane Spring is all evaporated
and used on the site by tules and other phreatophytes.
No samples for chemical analyses were taken from this

spring.

Wilson’s Hot Spring at the extreme north tip of the
range is the hottest spring in the Fish Springs group
with temperatures as high as 140° F. Views of this
spring are shown in Fig. 12. The small flow, 25 gpm,
from Wilson’s Hot Spring is used for baths and spreads
out over the desert to evaporate, leaving highly colored
deposits.

The other springs in the Fish Springs group are of
lower temperature, 72° F to 78° F, and have much
larger flows. The combined flow of the other springs
is about 25 cfs in the latter part of the summer, but is
reported as high as 43 cfs during earlier parts of the
season. These waters are managed by the Fish and
Wildlife Service as a National Wildlife Refuge. Ex-
tensive diking and ponding of the water has been com-
pleted recently in an effort to more fully develop the
water for the refuge. Problems in growing proper plants
as feed have been encountered due to the poor quality
of the water. Preliminary experiments seem to indicate
that some birds cannot live in the environment at Fish
Springs due to the salty nature of the water. Manage-
ment of the Fish Springs water for other uses does not
seem likely at the present time.

Gandy Warm Spring consists of several large warm
springs which issue from fissures in Paleozoic limestones
at the western margin of Snake Valley in the NW %
of the NE % of section 4, T16S, R19W, at an eleva-
tion of about 4,980 feet. The springs flow together into
Gandy Warm Creek which is used for irrigation. The
temperature of these waters was found to be 80° F and
the flow 21 cfs. Both are very constant throughout the
year. Although the mineral content of the water is not
extremely high as is common for most thermal springs,
tufa deposits are very conspicuous in the area and in the
streambed. The large flow from the springs makes
Gandy Warm Spring a large salt producer, producing
over 16 tons of salts per day. The water is used on
pervious soils, however, and deleterious effects on crops
have not been reported. The rather interesting setting
of the Gandy Warm Spring is illustrated in the Fig. 13
photographs.




Fig. 10. Typical springs in the Locomotive Springs Wildlife Refuge.
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Fig. 11. Blue Spring near Howell as it arises in the streambed of Blue Creek.
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Fig. 12. Views of Wilson Hot Springs, typical of the Fish Springs area.
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Fig. 14. Idaho mineral springs on the Bear River include Battle Creek Hot Spring.

Bear River Unit

In the Bear River unit there are eight mineralized
springs or groups of springs reported herein. Of these,
three are in Idaho just across the Utah-Idaho state line.
The Bear River has several other hot and mineralized
springs flowing into it along its course, but these are
farther north in Idaho and beyond the scope of this
report. The springs included for the Bear River unit
consist of Battle Creck Hot Spring and Vincent Hot
Spring, both in Idaho northwest of Preston, Cutler
Springs near Cutler Dam, and Crystal Springs near
Honeyville, all directly tributary to the Bear River it-
self. On the Malad River are Price’s Hot Spring near
Woodruff, Idaho, and the Udy’s Hot Springs group
near Plymouth, Utah. Miscellaneous springs in the
Bear River unit are Magic Mineral Spring near Little
Mountain, and Salt Creek Spring near Bothwell. A
summary of information concerning each of the above
springs follows.

Battle Creek Hot Spring is a very hot spring (173°
F) which rises from a deep source apparently along a
buried fault about three miles northwest of Preston,
Idaho. On a cool day the steam rising from the spring

is readily visible from U.S. Highway 91 from Preston
to Swan Lake. The hot, mineralized water from this
spring pours 2 second-feet of water out over a small
tufa mound and empties it directly into the Bear River,
increasing the total salt load in the Bear River consid-
erably. The setting of Battle Creek Hot Spring on a
bend of the Bear River is shown in Fig. 14.

Vincent Hot Springs is a small group of very hot
springs (180° F) about one mile south of Battle Creek
Hot Spring and apparently lying along the same buried
fault. The total flow of 0.4 cfs is much less than that
of the spring to the north.

The hot water is used for heating a house and for
temperature control of a pigpen; thence the water runs
directly into Bear River. The combined effect of these
springs on the water quality of Bear River, with Battle
Creek Hot Spring, is to increase the TDS in the river
from about 400 ppm to about 800 ppm during the lat-
ter part of the season. The effect of these springs is
reduced, of course, during periods of high flow, but the
springs continue to contribute approximately 60 tons
per day of salts to the Bear River just upstream from
the Utah-Idaho border.

Cutler Springs in Cutler Narrows is the next group




Fig. 15. Aerial view of Bear River just below Cutler Dam where mineral springs discharge from bed and banks.

of warm mineralized springs on the Bear River. Several
small thermal springs and seeps issue from the banks
and rise in the bottom of the channel of Bear River
below Cutler Dam in section 26, T13N, R2W, at the
mouth of Bear River Canyon where the river has cut
through the Wasatch Range. The springs issue from
nearly vertical fissures in Ordovician and Silurian lime-
stones about a mile upstream from the inferred position
of the frontal Wasatch fault.

Since many of the springs of this group rise from
the bottom of the channel it is very difficult to say
what the total flow of these springs must be. A flow
of 0.7 cfs was measured in small springs issuing from
the banks of the channel, but a much larger flow evi-
denty arises in the bottom of the channel — perhaps as
high as 6 to 10 cfs. Although the temperature of these
springs is not highly elevated (76° F), the mineral con-
tent is rather high, being about 8,000 ppm. Under
flow conditions in the middle of July 1964, the mineral
content of the Bear River was increased by the springs
from 660 ppm to 1,475 ppm. The reach of river in
which this discharge takes place is illustrated in Fig. 15.

Crystal Springs near Honeyville consists of two
springs which rise very close to each other but which
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have very different characteristics. One spring is hot
(130° F) with a very high mineral content (TDS =
42,000 ppm), while the other is a relatively cold spring
(63° F) with a relatively low mineral content (TDS =
1,550 ppm). These springs issue at the toe of the Hon-
ewille spur of the Wasatch Range, one and one-half
miles north of Honeyville, Utah. The spur is termin-
ated by a fault which is part of the Wasatch Fault
Zone. Paleozoic rocks of Cambrian and Ordovician age
make up the nearby bedrock outcrops. The springs are
located in the NE % of the SE Y4 of section 29, T11N,
RZW. The clevation of the springs is approximately
4,285 feet, 90 feet above Great Salt Lake.

Part of the water from the two springs is mixed and
used in a bathing resort, after which all of the water is
comingled to form Salt Creek which ultimately reaches
Bear River several miles to the south. The twin springs
can be seen flowing in a westerly direction from the
resort in Fig. 16. The flow on the left is the “cold”
spring, while the one on the right is the “warm” spring.
The mineral content of the Bear River near Corinne is
up to about 2,800 ppm TDS, largely as a result of large
flows (9.0 cfs) of mineralized water from Crystal
Springs. The daily salt flow from Crystal Springs is
about 450 tons.




Fig. 16. Crystal Springs near Honeyville, Utah.

Price’s Hot Spring near Woodruff, Idaho, is a rather
large mineralized spring which flows directly into the
Malad River. The spring orifices are nearly always sub-
merged by the Malad River so that direct measure-
ments of the flow from the spring are very difficult to
obtain. The owner of the property adjacent to the
spring reports that such a measurement has been made
at extremely low flow periods of the Malad River and
that the flow is 6.0 cfs. The temperature of the spring
is 92° F and the mineral content is over 6,000 ppm
TDS. A view of this spring is shown in Fig. 17. The
spring issues from fissures in a limestone outcrop at the
base of a low-lying hill about two miles north of Wood-
ruff, Idaho. The quality of the Malad River is not
greatly affected by this spring since the mineral content
of the river above the spring is approximately the same
as that of the spring. In the headwaters of the Malad
River, mineralized springs feed into the stream, hence
the name “Malad,” which means “bad.”

Udy’s Hot Springs are a series of hot springs which
emerge along the base of a low bluff at the western
margin of the flood plain of the nearby Malad River
in section 14, T13N, R3W, about two miles southwest
of Plymouth, Utah. These springs, with a temperature
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of 93° F, are located practically in the center of Malad
Valley, which here has an average width of about seven
miles. The Wasatch Fault Zone is about four miles
to the east. Paleozoic limestone outcrops at the base of
the low scarp where the springs emerge. No associated
calcareous deposits of tufa or travertine are present. A
north-south trending fault is probably responsible for
the location of the springs and the exposure of bedrock.
T'wo smaller springs in the group lie just to the south of
the main spring and in line with it. The spring orifices
of all the springs in the group are submerged deeply
under pools of water, and the water from the pools
overflows into the Malad River.

An aerial view of the main pool fed by Udy’s Hot
Springs is shown in the Fig. 18 photograph. The dis-
charge from the pond can be seen emptying into an ox-
bow of the Malad River in the foreground. Agricultural
areas can be seen on the bench immediately above
Udy’s Springs in the background. The two pools to the
south of the main pool have a higher temperature by a
few degrees (110° F and 104° F).

With a TDS content of between 7,000 ppm and
9,000 ppm the Udy’s Hot Springs contribute a consid-
erable amount of salt to the Malad River, although the
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Fig. 17. Price’s Hot Spring near Woodruff, Idaho, which flows directly into
Malad River, tributary to the Bear River in Utah.

Fig. 18. Udy’s Hot Springs near Plymouth, Utah, showing one of the main pools
emptying directly into the Malad River.

=293 =




Fig. 19. Salt Creek Springs near Bothwell, Utah, looking south
in direction of flow.

change in quality is not great because of the already
high mineral content of the river. Together the springs
contribute about 3 cfs to the Malad River at this point
along with over 60 tons of salts per day.

Magic Mineral Spring, also called Stinking Spring,
is a small thermal spring which issues at the base of a
limestone butte at the southern tip of Little Mountain
in the NW. 4 of the NW ¥ of section 30, T10N,
R3W, at the north edge of Highway 83 (called Prom-
ontory Road). The spring drains across the highway
and over the mud flat to the south where the water is
evaporated. The limestone back of the spring is prob-
ably the Lodgepole limestone of lower Mississippian
age. The strong odor of hydrogen sulfide gas being
liberated from the hot water is probably responsible for
the local name of the spring. The ground elevation at
the spring is 4,261 feet. The total flow was estimated
on June 22, 1964, as 0.1 cfs. No samples for chemical
analyses were taken from this spring.

Salt Creek Spring near Bothwell and west of Tre-
monton is a large warm spring (69° F) which issues
from fissures in a limestone outcrop at the head of the
spring area in section 2, T1IN, R4W. The limestone
is probably a part of the Oquirrth formation, which
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makes up most of the West Mountains and whose
southern end is about three miles NNE of the spring.
The mineral content is not excessive (TDS = 1,500 to
2,000 ppm), but the flow ranges from 16 to 32 cfs, so
that the total salt output of the spring is large. The
flow of this spring fluctuates greatly during the season,
indicating that much of the flow is not of deep-seated
origin. A flow of 32 cfs was measured on June 22, 1964,
but the flow had decreased to 16 cfs by September 10,
1964.

No use is made of this water near its source, but the
water eventually enters duck shooting preserves and
then spreads out on the mud flats north of Great Salt
Lake. Although the salinity hazard of this water is
very high, the alkali hazard is low, and with proper
management on the proper soils the water likely could
be used beneficially for irrigation.

The Bothwell springs and the resulting channel are
shown in Fig. 19. The springs emerge in the area of
the poplar trees in the right center of the photograph
and flow southward toward the Salt Creck Waterfowl
Management area. An idea of the magnitude of flow
from the springs is indicated in Fig. 20, which shows
the stream as it emerges from a road culvert.




Fig. 20. The stream of water from Salt Creek Spring near Bothwell.

Weber River Unit

Only two mineralized springs are included in this
report for the Weber River hydrologic unit. These are
Utah Hot Springs near Pleasant View and Como Hot
Springs near Morgan. A third mineralized spring, El-
monte Spring or Ogden Hot Spring, was not sampled
or measured during this project. Ogden Hot Spring is
located in the mouth of Ogden Canyon, section 23 of
T6N, RIW. Additional information regarding this
spring is available in Technical Publication No. 10 of
the Utah State Engineer’s Office (p. 189). The mineral
content of Ogden River is increased very slightly due to
low flow contribution of this spring although its min-
eral content is known to be high.

Utah Hot Springs is a group of hot springs having
temperatures of 135° F which issue from the western
base of the Pleasant View spur of the Wasatch Range
about eight miles northwest of Ogden, Utah. The bed-
rock that outcrops just east of the spring area consists
of lower Paleozoic quartzite, shales, and limestones of
Cambrian age. For a long time the Pleasant View spur
has been regarded as a down-faulted block spur along
the Wasatch Fault Zone. More recently Eardley (oral

communication) has re-examined the area and now con-
siders the spur to be a surficial rock slide mass.

The spring zone straddles the boundary between
Box Elder and Weber Counties in the SE ¥4 of sec-
tion 14, T7N, RZW just west of the highway. The
resort and bathing pools are about 1,000 feet northwest
of the springs. Cold water springs are also present in
the vicinity. The thermal waters are both saline and
iron-bearing, but most of the iron seems to be deposited
at the site as the samples taken indicated only small
amounts of iron. This spring has relatively large
amounts of lithium, strontium, and cesium.

Only a small amount of the spring water is used
at the resort. Just enough of this water is mixed with
the cold water to bring the mixed water up to a com-
fortable swimming temperature. The waters from the
springs and from the resort are carried west in a ditch
and into a drainage channel which carries the water to
the Great Salt Lake. Utah Hot Springs produce about
100 tons per day of salts.

Water from Utah Hot Springs empties into an open
drain which bypasses Willard Bay Canal and is con-
veyed directly to Great Salt Lake. Consequently, these
springs have essentially no effect on usable water sup-
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plies. However, much of the land area surrounding the
springs has been made practically sterile by the salts
in the water.

Como Hot Springs are thermal springs about one
mile east of the town of Morgan. These springs rise
along a north-south trending fault where the fault
crosses the flood plain of the Weber River in the NW
V4 of section 36, T4N, R2E. The water is collected as
it rises along the fault and used in a bathing resort on
the south side of the Weber River and then it is dis-
charged into the river. About half of the 3.1 cfs flow
is used in the bathing pool before it is discharged into
the river. The temperature of the spring water is 82°
F. There is no noticeable increase in mineral content
of the Weber River due to the salt contribution of this
hot spring, especially since the mineral content of the
spring itself is not high.

The fault at Como Hot Springs cuts limestones of
Middle Cambrian and Devonian ages, and its position
is indicated on the north side of the state highway by
a prominently stained and hydrothermally altered fault
breccia. A conspicuous fault-line erosion scarp also
trends north-northwest from the river bottom.

Jordan River Unit

The relatively high mineral content of the Jordan
River along its entire length, along with the intensive
use of the water, has prompted a detailed study of the
chemical quality of the waters of Utah Lake by the
U.S. Bureau of Reclamation in connection with its
Central Utah Project. (The information collected in
this study is not yet publicly available.)

Eleven mineralized springs or groups of springs have
been examined in the Jordan River hydrologic unit.
The springs included and discussed are Beck’s Hot
Springs, Wasatch Hot Springs, Crystal Hot Springs,
Camp Williams Warm Springs, Goshen Warm Springs,
Castilla Hot Springs, Diamond Fork Warm Spring,
South Salt Creek Spring near Nephi, North Salt Creek
Spring near Nephi, Utah Lake Hot Springs (includes
hot springs at Saratoga, Lincoln Point, and Bird Is-
lands), and Midway Hot Springs.

Beck’s Hot Springs issue at the contact of the fault
plane of the Warm Springs fault and the alluvium of
the valley floor at the tip of a bedrock spur, called the
Salt Lake Salient of the Wasatch Range, in northwest-
ern Salt Lake County. Beck’s Hot Springs are located in
section 14, TIN, R1W. The spring issues at an eleva-
tion of 4,230 feet, which is the lowest point in eleva-
tion along the fault zone.

In the past thermal waters have issued at various
points for a distance of two miles along the base of the
prominent fault scarp that terminates the western end
of the Salt Lake Salient. Scattered tufa deposits mark
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the sites of former springs. The hot waters are of mete-
oric origin and rise along the fault zone and either come
to the surface directly or discharge from the distal end

of small alluvial fans that border the fault zone. A
canal excavation 5,000 feet west of the fault zone ex-
posed tufa deposits under 10 feet of late Lake Bonne-
ville clay-silts. For a distance of one-half mile south of
Beck’s Spring, and bordering the railroad tracks, ther-
mal waters maintain several pools and swamps, some
of which have names such as: Mullen Springs, Hobo
Springs, and Veedol Wells. Clouds of steam mark
these spring sites on cold winter mornings. A strong
odor of hydrogen sulfide gas is always present.

These thermal waters associated with the Warm
Springs Fault have been exploited for bathing purposes
for more than a century. Several bathing resorts have
been in operation off and on with both indoor and out-
door pools. For many vears some of the hot water was
piped into Salt Lake City to a natatorium on west
Broadway called the Sanitarium. The Wasatch Plunge
is the only one currently in operation and there the
hot water is used only to heat fresh water.

In recent years the water from Beck’s Hot Springs
has been collected and piped to the salt flats in order
to remove the water from highway areas and industrial
complexes. Since the water is now somewhat inacces-
sible, no flow measurements or samples were taken from
this spring in connection with this study. However,
some analyses are reported in connection with Wasatch
Hot Springs and are given in Table 2. Additional in-
formation can be found in Technical Publication No.
10 of the Utah State Engineer.

Wasatch Hot Springs is another group of hot
springs associated with the Warm Spring Fault and lo-
cated in section 25, TIN, RIW. As mentioned above,
Wasatch Hot Springs is the only bathing resort still in
operation in the vicinity. Only part of the water from
the Wasatch Hot Springs is actually used at the Was-
atch Plunge. All of the water is eventually piped from
the area to the salt flats near the Great Salt Lake.

In attempting to increase the flow of the thermal
springs, a series of six short tunnels has been driven
from time to time into the cemented alluvium and
tufa deposits adjacent to the fault plane. After a few
vears the flow from a given tunnel would diminish until
the supply was inadequate and then a new tunnel was
driven, each, in turn, farther north along the fault zone.
Tunnel No. 6 was started July 23, 1924, and completed
September 26, 1924, with a length of 204 feet at a total
cost of $4,208.05. The tunnel cross-section is 5 feet
wide at the base and 6 feet in height, tapering to a
width of 4 feet at the top. It was necessary to timber
the tunnel for its entire length. Because of high tem-
perature and excessive amounts of noxious gases pres-




Table 2. Chemical analyses of thermal waters along Warm Springs Fault.

Wasatch Springs Collection Date

Beck’s Hot Springs Collection Date

11-4-24 31534 11- 34 5. .35 1. .37 31640 5-19-42 5-19-42  8-29-47 11:3.51
SiOs (ppm) 40 30 30 62 41 26 22 32 35 36
Fe (ppm) 3 0
Ca (ppm) 1,069 1,380 719 469 414 461 538 653 688 720
Mg (ppm) 151 136 143 98 58 65 103 134 136 125
Na (ppm) 3113 2,660 2,300 1,940 1,870 1,400 2,110 4,040 4,050
Na + K (ppm) 4,100
K 180 552 1,210 163 194 62 214 444 262
HCO; 307 310 293 293 278 260 23% 235 227
SO, 1,380 1,330 1,370 1,020 1,470 982 9212 875 800 879
Cl 6,055 5,800 5,170 3,390 2,780 2,070 3,690 7,670 7,210
F 2
Total
Dissolved 11,990, 12,195 119,252 | 7,435 7,120 5,344 7,846...14,087 13,204 13,500
Solids
Total
Hardness *3,290 3,990 1,750 2,180 2,280 2,310
as (CaCOy)

Note: All analyses but the last three were made by Nephi E. Mclachlan, Salt Lake City Chemist. The remainder were made by the U.S.
Geogolical Survey, Quality of Water Laboratory. See Table 1 for analysis of Wasatch Hot Springs in connection with this study.

* A correction from apparent error in original table showing 191.85 for total hardness.

ent, it was necessary to provide artificial ventilation by
means of a blower and vent pipe. In this tunnel the
first major flow of hot water was encountered at a point
189 feet in from the portal, which measured 1.05 cfs.
The temperature of the water was 106° F on October
1, 1924.

On March 7, 1927, a short crosscut was started on
the west side of tunnel No. 6 at a point 35 feet from
the face, for by this time the flow had diminished to
0.82 cfs. The crosscut was about 15 feet long and re-
stored the flow of hot water which issued then from a
northwest trending fissure cut at the southwest base
of the face of the crosscut. By April 21, 1927, the total
flow from tunnel No. 6 was 2.17 cfs, which was deemed
sufficient. The flow from the tunnel has maintained
itself quite well since this construction. In the sum-
mer of 1964, a flow was measured at the resort of 0.6
cfs and 0.6 cfs was flowing at the overflow for a total
of 1.2 cfs.

Contrary to common opinion, the flows of thermal
waters in the vicinity of Beck’s Hot Springs and Was-
atch Hot Springs show marked seasonal fluctuations,
indicating that a good part of the water must be mete-
oric waters mixing with the waters of magmatic origin.
Measurements indicate that the flows reach a high
usually late in March or early in April, and a low point
in the fall, in late November or early December. Care-
ful measurements of the flow at Wasatch Hot Springs
were made by a hydrologist of the Salt Lake City En-
gineer’s staff through the years 1924 to 1943. A typical
example of the annual variation in flow for tunnel No.
6 was a high of 1.97 cfs on March 26, 1931, and a low
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flow of 0.79 cfs on December 1 of the same year.

As indicated by the analyses presented in Table 2,
the thermal waters of the springs that rise along the
Warm Springs Fault in Salt Lake County are highly
saline and high in sulfate.

A comparison of the concentration of dissolved min-
eral salts with the corresponding total flows for the
same dates is of interest. For example, the total dis-
solved solids in the water at tunnel No. 6 in November,
1934, was 12,100 ppm, while at the same time the flow
was at the all time low of 0.69 cfs. It is significant that
this was the climax of the 1934 drought. On the other
hand, on March 16, 1940, when the concentration was
at its lowest, 5,590 ppm, the flow was 1.47 cfs, or more
than double that of 1934. This again is in support of
the conclusion that the hotter, more mineralized water
rising from great depths is diluted by the cooler, fresher
water that enters the conduit at shallow depths and at
a time closely following the peak of the snow melt
period for the adjacent Salt Lake Salient with elevations
below 7,000 feet. The seasonal variation is more likely
a function of the shallow meteoric water entering the
circulation than variation in the amount of water rising
from great depths.

On May 19, 1942, the flow of thermal water from
tunnel No. 6 was again at a low point, 0.93 cfs, and
the TDS was correspondingly high at 7,770 ppm on
the same date. Although no record of flow at Beck’s
Hot Springs for this same date is known, the analysis
of a sample taken at the same time shows nearly double
the concentration of dissolved solids as compared with




Fig. 21. Mineral spring area southwest of Utah State Prison known as
Crystal Hot Springs.

the tunnel water. This is especially true for both sodium
and chloride. Since it is known from temperature
measurements that the water at Beck’s Hot Springs av-
erages 20° F higher than the water from tunnel No. 6,
the difference both in temperature and dissolved min-
eral content may be due to a lesser dilution at the Beck
Spring. From these considerations, one may surmise
that the plumbing system of a fault zone is anything
but simple. Some previous results of chemical analysis
are given in Table 2. Those analyses in connection
with this study are given in Table 1.

Crystal Hot Springs consists of a small group of hot
springs issuing from the valley alluvium near the south-
ern end of Salt Lake Valley in the SW V4 of the NW
V4 of section 12, T4S, R1W, and 1,100 feet southwest
of the Utah State Prison boundary line. The combined
flow of these springs was estimated in August 1964 as
45 gpm and again in September of the same year as 60
gpm. The temperatures were found to range from 122°
F to 137° F. The elevation of the easternmost spring
is 4,466 feet. The water was formerly used to supply
an artificially-dug bathing pool. At present, the water
is used for beaver culture and for irrigation. During the
period of investigation there was no apparent surface

drainage from these springs reaching the canals below
or the Jordan River itself which is only a short distance
away. The water seems to be completely infiltrated or
evaporated before flowing very far. There is a strong
likelihood that the water eventually reaches the river
through seepage. Evidently the flows and water quality
of these springs have remained fairly constant over the
years, as a 1934 analysis of these waters is practically
identical to that of 1964 shown in Table 1. An aerial
view of the Crystal Springs area is shown in Fig. 21.
The associated geologic structure is unknown, but a
buried fault is indicated. One can note in Fig. 3 that
this spring area is on a line with the Crystal Springs
north of Brigham City, Utah Hot Springs northwest of
Ogden, Beck’s Hot Springs at North Salt Lake, Was-
atch Hot Springs at Salt Lake City, the Camp Williams
Hot Springs in the Jordan Narrows, the Saratoga and
Crater Springs at the northwest corner of Utah Lake,
and the Lincoln Point Springs on the south shore of
Utah Lake. It seems most significant that in this nar-
row strip, about 100 miles in length, seven of the major
thermal spring areas in the north-central part of Utah
occur. A deeply buried fault zone control seems likely.
The four northernmost spring areas are definitely asso-




ciated with the Wasatch Fault Zonc along the western
base of the Wasatch Range, but the three remaining
areas are several miles west of the Wasatch front.

Camp Williams Warm Springs issue from the base
of a low cliff that forms the western margin of a large
tufa and travertine mound in the area familiarly known
as the Jordan Narrows. The size of the tufa deposit
suggests that thermal waters have issued here for many
thousands of years. The spring water issues at a point
200 feet southeast of the west ¥4 corner of section 23,
T4S, RIW, at an elevation of 4,440 feet. On July 21,
1950, an average temperature reading of 71° F was ob-
tained. A sample of the spring water showed only 350
ppm of total dissolved solids, which along with the
relatively low temperature and a high water table at
the site, seems convincing that the thermal water is
diluted to a considerable extent by cooler, fresher waters
before it reaches the surface. The water from the Camp
Williams Springs is pumped by pipeline to the Camp
Williams Military Reservation nearby. Because of the
relatively good quality of this water, no analyses are in-
cluded in this report, but the apparent association of
this spring with nearby mineralized springs warrants
some discussion.

Thermal water with a temperature of 80° F was
encountered farther south in the Jordan Narrows area
where the Provo Reservoir Canal crosses the Jordan
River in a double siphon. The stilling basin is located
in the NW 14 of the NE % of section 26, T4S, R1W.
The hot water was encountered 6 feet below the sur-
face (ground elevation 4,480 feet) in swamp muck.

It appears that the Jordan Narrows have been the
site of continuous hot spring activity since late Tertiary
time. On the west side of Jordan River, just below the
Bonneville shoreline and north of Beef Hollow, a large
remnant of a spring-built terrace of travertine occurs.
Because of the purity of the limestone, the travertine
was quarried and shipped to nearby sugarbeet factories.
Some of the rock has also been shipped to Los Angeles
for building purposes, such as floor tile. At present the
deposit covers but a few acres and the springs have
ceased to flow. However, the mound-like shape of the
travertine deposit is still evident. The top is flat, show-
ing truncation by wave action of ancient Lake Bonne-
ville.

The hot water that deposited the travertine evi-
dently issued from north-south trending fault fissures,
for veins and lens-shaped masses of manganese oxide
occur in the travertine with similar trends. One major
vein has a bearing of N 42° W and dips 28° to the
northeast. Nowhere has the concentration of mangan-
ese been sufficient, it seems, to form a body of commer-
cial ore. Similar manganese veinlets occur in the Red
Hill Hot Spring mound north of Monroe, in Sevier

County, and also at the Abraham Hot Springs north-
west of Delta (Fumerole Butte). Manganese deposits
of hot spring origin, resembling those in the Jordan
Narrows, have been reported at Cleveland, Idaho, in
the southern end of Gentile Valley.

The great age of the hot spring activity in the
Jordan Narrows is confirmed by the recovery of a well-
preserved jaw of a fossil horse of late Pliocene age,
which is now on display in the University of Utah
geology museum.

Goshen Warm Springs consist of four large warm
springs which issue from talus at the western base of
Warm Spring Mountain, north of Long Ridge in south-
western Utah County. The springs rise in the south
15 of section 8§, T10S, RIE, about two miles east of
Goshen, Utah, and are the source of Warm Creek in
Goshen Valley. The total flow of the group of springs
was measured in August and September of 1964 at 8.0
cfs. The flow is divided, nearly equally, and part of it
is diverted to the north and part of it to the south.
Springs typical of the area are shown in Fig. 22. The
upper photograph shows an abandoned ore reduction
plant, which at one time used the water from the Go-
shen Warm Springs in the ore reduction process.

Since the water is not exceptionally salty (TDS
about 1,400 ppm), it seems to be a good water supply
for irrigation of the grass meadows found in the bot-
tomlands of Goshen Valley. The chemical analyses of
these spring waters would indicate, however, that the
sodium hazard is very high. The salinity hazard is high
to very high. There is a possibility that these hazards
are reduced by sufficient early-season leaching and mix-
ing with better-quality surface waters.

The Geologic Map of Utah (Stokes, 1960) shows
the rocks adjacent to the springs to be lower Cambrian
quartzites, shales, and limestones. A typical basin and
range fault zone borders Warm Spring Mountain on
the west and probably provides channelways for the
thermal waters. No associated tufa deposits were ob-
served near these springs, probably because of the large
amounts of sodium and the relatively low total hard-
ness.

Castilla Hot Springs are undoubtedly responsible for
the name of Spanish Fork River which was known as
Rio de Aguas Calientes meaning River of Hot Waters.
In Spanish Fork Canyon three small thermal springs
were formerly present east of the Spanish Fork River
near the base of cliffs of Diamond Creek Sandstone of
Permian age. In the last decade of the nineteenth cen-
tury and the first decade of the twentieth century
enough hot water was available to support a flourishing
bathing resort. Special Sunday excursion trains on the
D & R G railroad left Salt Lake City early in the
morning, returning late in the evening, thus providing
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Fig. 22. Typical springs of the Goshen Warm Springs group east of Goshen, Utah.
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Fig. 23. Diamond Fork Warm Spring at the base of the road fill.

an opportunity for family picnics and a swim at the hot
springs. The temperature of the water in those decades
ranged from 111° to 145° F. Today the resort is gone
and the springs have almost dried up.

Investigations in 1960 revealed that the spring was
discharging 1.0 cfs at 110° F with a TDS concentration
of 6,422 ppm which would yield about 7¥2 tons of salts
per day. On July 3, 1960, the specific conductance of
the Spanish Fork River above the spring was 380 micro-
mhos and below the spring was 420 micromhos when
the river was flowing at about 100 cfs.

Diamond Fork Warm Spring consists of two small
warm springs which issue near the northern edge of the
road in Diamond Fork Canyon in T8S, R5E, about 13
miles from its junction with Spanish Fork Canyon.
The warm water issues from fissures in conglomerate,
the Benny Creek Formation, formerly called the Price
River Conglomerate. A flow of 0.75 cfs was measured
on September 3, 1964, and the temperature of the wa-
ter at this time was 69° F. The springs have a strong
odor of hydrogen sulfide and the water is similar to
the hot water obtained in an oil well test hole east of
Mt. Pleasant, Utah. The Diamond Fork Spring waters
probably rise through conglomerates, sandstones, and
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shales, rather than limestones. At any rate, no tufa or
travertine has been deposited around the orifice of the
springs or in the channels below the springs. The
springs are shown in Fig. 23 as they emerge at the base
of the road fill.

The springs at Diamond Fork flow into Diamond
Fork Creek and have a slight effect on the water qual-
ity of that stream. The spring waters themselves have
an electrical conductivity of 1180 micromhos, and at
the time of sampling Diamond Fork Creek above the
springs had an EC of 350 micromhos and below the
springs the EC was 500 micromhos. Diamond Fork
Creck flow at this time was estimated at 15 cfs. The
waters from Diamond Fork Creek eventually flow into
the Spanish Fork River, which in turn drains into Utah
Lake.

South Salt Creek Spring near Nephi is a small con-
tact spring which issues near the top of a shale forma-
tion on the south side of Salt Creek Canyon above
Nephi, Utah. The salts in the water are likely picked
up from contact with the shale. Since the flow of this
spring is very small (at least for most of the year) the
salt contribution is very small — less than one-tenth of
a ton per day.




North Salt Creek Spring near Nephi has a much
higher salt content than the South Salt Creek Spring,
but a much smaller flow also limits the total salt to Salt
Creek in terms of tons per day. This spring also issues
as a contact spring from the contact of an upper sand-
stone and conglomerate and a lower shale formation.
Salt Creek undoubtedly received its name from the two
springs where the early pioncers used to go to make salt
for domestic use. There is no present use of either of
the two springs and they have no measurable effect on
the water quality of Salt Creek.

Utah Lake Hot Springs consist of several hot springs
in and around Utah Lake, including hot springs at Sara-
toga, Lincoln Point, and Bird Island. Utah Lake is a
fresh water lake normally about 20 miles long and 10
miles wide, with about 150 square miles of surface arca
in the central northern part of Utah, and is connected
by the Jordan River to Great Salt Lake. It covers from
20 to 25 percent of the floor of Utah Valley which for-
merly was a bay in historic Lake Bonneville. The drain-
age basin into Utah Lake includes parts of Juab, Sum-
mit, Utah, and Wasatch counties, and totals over 2,600
square miles. Utah Lake discharge is used principally
in Salt Lake County to the north in irrigation and in-
dustrial uses.

The geologic structure that controls the location of
the hot springs is probably a fault zone concealed by
valley alluvium and the lake. A recent gravity survey
(Cook and Berg, 1961) shows a remarkably continuous
set of steep gravity gradients that extend along the west
side of Utah Lake from Santaquin, on the south, to
Saratoga Springs, on the north, for a horizontal distance
of 27 miles. The series of hot springs in and around
Utah Lake coincides with this postulated Utah Lake
Fault Zone.

Mineralized spring inflows into Utah Lake are
mainly concentrated in the Goshen Bay and Saratoga
arcas. A Bureau of Reclamation unpublished report on
the chemical quality on the waters of Utah Lake indi-
cates that there are numerous mineralized springs in
the Goshen Bay area as well as along the west side of
West Mountain and on the Lincoln Point. Additional
contributions of mineralized spring waters come by way
of White Lake — a small lake on the northern tip of
Utah Lake’s Goshen Bay. The outflows from White
Lake are the waters accumulated from the winter flows
of the Goshen Warm Springs and other springs plus
any return flows from irrigation, all collected in White
Lake, then released to Goshen Bay and exchanged for
pumping rights from the lake to irrigate lands on the
west side of Goshen Bay. U.S. Bureau of Reclamation
measurements of the outflow to Utah Lake from White
Lake show about 1,000 acre-feet per year.

The U.S. Bureau of Reclamation estimates of other
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mineralized spring inflows to Utah Lake are based on
data of earlier investigations and on measurements and
estimates obtained during 1960 and 1961 when the lake
was at a low level. At this low level, additional springs
were revealed from which samples could be collected as
they were no longer submerged beneath the surface of
the lake. During the late fall and winter of 1960 the
springs on Lincoln Point were measured by current
meter.  The combined measured flows from these
springs was reported to be about 2.8 cfs or 2,000 acre-
feet per vear. The flows and temperatures of the Lin-
coln Point Springs are shown in the following table.

Table 3. Flows and Temperatures of Lincoln Point

Springs.

ERLE: il Averag;?low T;r;;pverature
Spring No. (cfs) (°F)

1 1.0 80

2 0.5 90

3 90

4 0.6 90

5 85

6 0.7 100

Total 2.8

Outflows of 2 and 3 were channeled together for meas-
urement. These flows are an average of measurements
made on 10 different dates from October 1960 to April
1961 by the Bureau of Reclamation. Some of the Lin-
coln Point Springs are shown in the photographs, Fig.
24,

In the Saratoga area some of the springs emerge as
sand boils 6 to 10 feet across into which a 6-foot pole
could be thrust without touching bottom. The sands
of some springs in the area are gray in color while
others are reddish. Some of these sand-boil springs gush
violently — at times rolling the sand about a foot into
the air. Some big pools appear to be quite deep and
crater-like and are a light blue-green in color with no
suspended sediments. The total flow of water from
mineralized springs and seeps in the Saratoga area is
estimated at 4 to 5 cfs or 3,000 to 3,600 acre-feet per
year.

Springs in the Bird Island vicinity are also assumed
to be controlled and fed from the inferred Utah Lake
Fault Zone. The north bay of Bird Island has at least
one large thermal and mineralized spring on the right
bank that keeps a considerable portion of the bay clear
of the usual suspended sediments in the lake water.
Water in the area of this spring has been sampled by
the U.S. Bureau of Reclamation and found to have a
temperature of 86° F and EC of 14,800 micromhos.
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Fig. 24. Lincoln Point mineral springs in south end of Utah Lake. ‘
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No springs were located in the west bay but the meas-
ured temperature in this vicinity was 75° and EC was
5,900 micromhos. This temperature is 5 to 7 degrees
warmer than the general lake temperature, and the con-
ductivity is about twice as high as normal conductivity
of the lake. There are several other small spring areas
on the island, but there seems to be very little flow
from these springs to the lake. Some have inferred that
the entire island is composed of minerals precipitating
from the springs which rise from the fault.

The Bureau of Reclamation has estimated the total
inflows to Utah Lake from White Lake and from
springs in and around the lake, and these are shown in

Table 4.

Table 4. Estimated inflow to Utah Lake from White
Lake and Mineralized Springs.

Average Annual
Water Inflow

Source (acre-feet)
White Lake 1,000
Lake Springs 17,900

Saratoga and northwest area 5,800

North Shore area 2,900

Northeast and East Shore 4,400

Lincoln Point Springs 2,100

West Mountain, West Side Springs 700

Bird Island 2,000
Total 18,900

Not all of the sources listed in the table are mineral-
ized, however. This inflow of about 19,000 acre-feet per
year is about 3 percent of the average computed lake
inflow. It is believed that this estimate of spring inflow
is conservative, particularly in view of the unmeasurable
thermal springs in the Saratoga, Bird Island, and Lin-
coln Point areas. While contributing only 3 to 5 per-
cent of the total inflow to Utah Lake, if these sources
have a weighted average of 2,000 to 2,500 ppm dis-
solved solids, they are bringing 20 to 25 percent of the
dissolved mineral into the lake. Thus, three springs,
along with the high evaporation rate from the lake,
cause considerable deterioration of quality in water
flowing out of Utah Lake.

Representative samples of salt concentrations in the
Utah Lake are very difficult to obtain since samples
taken in the lake are influenced by adjacent springs
and by lake currents. Samples taken at the lake outlet
are also influenced by local inflows and adjacent springs.
Some widely separated samples collected by the U.S.
Bureau of Reclamation at nearly simultaneous sampling
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dates show a wide variation in salt concentrations. Salt
concentrations in the lake range from 900 ppm to 2,000
ppm of total dissolved solids, whereas inflows from
White Lake reaching the lake have been measured with
total dissolved solids concentrations as high as 28,000
ppm and inflows from springs within the lake up to
8,000 ppm.

The salt concentrations in the lake generally reach
a peak during the later summer months as a result of
increased evapotranspiration and diminished diluting
inflow. This peak is gradually reduced during the win-
ter months when there is less evapotranspiration and
increased inflows.

The chemical analyses of samples from springs
within or flowing into Utah Lake are shown in Table
6. Most of these analyses were performed by the Bu-
reau of Reclamation. The approximate ranges of dis-
solved solids and sodium percentage of chemical analy-
sis of springs grouped by areas of the lake are tabulated
as follows:

Table 5. Concentration of dissolved solids and
percent sodium of mineral springs
discharging into Utah Lake.

Dissolved
Solids Sodium
(ppm) (75)
South end of Goshen Bay
and Pelican Point about 1,500 50-65
Lincoln Point, Bird Island,
and Goshen Bay east side  3,000-8,000 65-85
East and northeast
lake area 400-1,000 20-30
North end
of lake 300-1,100 10-40
Northwest area
of lake (Saratoga) 1,200-1,600 30-40

The chemical analyses of these springs should be
viewed as an exact analysis of what was in solution at
the time of analysis but not an exact representation of
the chemicals in solution at the time of sampling.
There was some known precipitation of chemical con-
stituents in part of the samples. The samples collected
from springs in the lake could be (and in some cases
definitely are) a mixture of the spring source and the
lake water.

The springs on Lincoln Point were numbered from
1 through 6, starting on the east side and progressing
to the west. The concentration of chloride increases
from 38 epm in spring No. 1 to about 76 epm in spring
No. 6. The temperature of the water increases also
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Table 6. Chemical analyses of springs in and around Utah Lake.
Total Sodlom. | Rasid- T Equivalents per Million or Milliequivalents per Liter
Samplin EC Dis- Boron  Sodium Adsorp- I F = ™
Dcxpfe ¢ @25°C pH solved (pop;) & ;)m ﬁs:np Cul:gom and/or Cu"?,n% ,ATSH,S
ﬁiifrﬁ.mhos) ; J:::), Ratio (n::;e/s]) 27:; Ca Mg Na K. . COp WOy & . S0,
Lincoln Point Spring 100 yards west of swimming pool (No. 4)
90°
7/ 7/60 9,960 7.1 6,500 2.22 64.9 17.0 none 2.00 22.47 10.20 68.76 4.56 none 12.00 71.39 22.60
10/19/60 9,847 7.4 6,514 65.3 17.2 none 0.73 21.78 10.05 68.50 4.60 none 11.81 71.86 21.26
11/30/60 9,522 7.7 6,200 0.32 none 6.96 71.58
1/17/61 9,847 7.6 6,488 65.6 17.4 none 19.80 11.73 69.00 4.70 none 11.06 71.53 22.64
2/ 2/61 9,735 7.3 6,354 2.40 66.8 18.2 none 0.75 20.47 10.15 71.00 4.70 none 9.82 71.79 24.71
4/10/61 9,522 7.6 6,282 68.2 18.8 none 0.75 18.36 9.90 70.50 4.60 0.17 9.44 71.27 22.48
7/14/61 9,522 7.4 6,554 64.5 17.1 none 0.60 22.98 10.29 69.50 4.90 none 12.37 72.51 22.79
8/ 4/61 9,623 7.5 6,528 64.7 12.1 none 0.75 2274 10.26 69.00 4.60 none 11.44 73.01 22.15
11/ 2/61 9,630 7.6 6,220 67.1 18.1 none 0.50 14.88 14.62 69.50 4.56 0.24 7.11 73.04 23.17
12/ 6/61 9,630 7.5 6,292 67.0 18.0 none 0.50 19.21 10.50 69.50 4.52 none 8.99 73.04 21.70
Mixture of springs No. 2 and 3 on Lincoln Point
10/19/60 7,601 7.6 4,906 66.0 15.3 none 0.61 15.01 8.52 5250 3.50 none 8.64 54.44 16.45
41
11/30/60 7,343 7.7 4,698 68.7 16.4 none 0.63 12.19 8.11 52.25 3.48 0.48 4.84 53.40 17.31 ‘
1/17/61 7,535 7.5 4,802 none 7.94 54.32 ‘
41°
2/ 2/61 7,161 8.1 4,478 71.4 17.8 none 0.50 9.76 7.91" 52.75 3.50. ,none. ' 1.96  53.56' -18.40
7/14/61 7,282 7.8 4,772 67.7 16.0 none 1.00 13.51 8.06 52.50 3.50 none 7.38 54.74 15.45
8/ 4/61 7,282 7.6 4,524 1.60 67.5 12.9 none 1.00 12.73 8.44 50.50 3.20 none 6.5 52.87 1525 il
11/ 2/61 7,223 7.6 4,536 68.6 16.1 none 078 1214  7.91- 51.00 3.28! 013 5.66 53.12 15.42 I
12/ 6/61 6,879 7.6 4,434 68.1 15.6 none 0.75 12.10 7.76 49.00 3.12 none 7.75 50.09 14.14 I
I
Lincoln Point Spring No. 1 !
70°
1/21/60 5,633 7.9 3,464 1.20 67.2 13.4 none 2.00 9.79' 617 :.37.75 2.48 0.59 7.33 37.63 10.64
88
7/ 7/60 5,777 7.4 3,622 1.49 658 13.2 none 1.00 11.85 6.28 39.60 2.48 0.24 8.77 38.32 12.88
10/19/60 5,855 7.7 3,664 65.2 12.9 none 0.67 11.62 6.94 39.40 2.50 none 9.54 38.99 11.93
74
11/30/60 5,554 7.9 3,478 66.6 13.5 none 095 9.63 7.70 39.80 2.60  0.51 5.49 38.62 15.11
72
2/ 2/61 5,519 8.0 3,434 69.6 14.5 none 0.75 8.41 6.33 39.40 2.50 0.49 5.06 ;38.31 . 12.78
4/10/61 5,554 7.8 3,484 1.30 66.8 13.5 none 75 10.62 6.46 39.40 2.50 0.16 7.39 38.36 13.07
76
7/14/61 5,554 7.5 3,588 64.5 12.7 none 0.75 13.88 479 38.80 2.64 none 9.55 38.51 12.05
8/ 4/61 5,701 7.4 3,544 63.8 12.1 none 0.75 12,40 633, 37.07 230, none 953" 37.75 10.82
11/ 2/61 5,350 8.0 3,328 67.1 13.0 none 0:75 9.05 6.17 36.00 2.40 0.52 6.57 +36.92 9.61
12/ 6/61 5,383 7.5 3,446 63.6 11.0 none 0.75 11.70 6.55 36.00 2.38 none 9.21 36.82 10.60
South Bird Island Spring
1/27/60 10,452 7.8 6,644 230 74.6 23.5 none 1375 9.36 80.00 4.08 0.49 999  .82.12 14.59
9/ 6/61 10,442 7.7 6,552 2.25 74.7 23.9 none 70° -13.87. '9.90" 82:50 4.20' none 9.13 ''84.02 '17.32
North Bird Island Spring
9/ 6/61 12,381 7.2 7,932 2.55 72.3 24.1 none 86° 20.80 10.82 9550 4.90 none 13.48 10.81 T4
1/27/60 12,393 7.4 7,768 2.47 73.2 24.6 none 0.02 19.59 11.02 96.00 4.56 0.45 12.41 98.74 19.57
Crater Spring (in Saratoga area)
8/29/61 2,299 7.5 1,556 0.56 39.7 3.6 none 92 9.94 449 960 0.58 none 5.65 9.84 8.67
9/ 6/61 2,317 8.0 1,588 0.54 41.2 3.8 none 109° 8.94  4.39 9.80 0.66 0.15 53527 10718 " ™ 7.94
Hot Springs near Saratoga
5/27/57 2,140 7.3 1,390 44.0 107° 9.00 4.03 10.09 5.25 ,1.8:97 . 8.84 |
5/ 4/58 2,230 7.3 1,440 43.0 3.9 110° 935 4.27 10.22 5.25 . 10,10 " '9.17
1/31/61 2,251 8.0 1,500 39.1 3.5 none 104° 9.33 4.68 9.40 0.65 0.40 4.66 970 9.30
1/24/61 2,257 7.8 1,488 0.50 41.3 3.8 none 106° 9.07 4.03 9.68 0.68 0.43 4.84 978 8.41
4/11/61 2,222 7.9 1,486 41.1 3.8 none 101° 91 4.05 9.64 0.66 none 4.51 9,63 119.32
5/ 45/61" 1 2,251 i8I0 1,514 41.3 3.8 none 108° 8.84 417 9.68 0.67 none 456 9.69 9.16
5/31/61 2,058 8.1 1,371 46.1 4.2 none 6.34 429 968 0.69 none 2.17 9.63 9.20
7/14/61 “2,280" 2.5 " 1,522 38.7 3.6 none 10.95 3.55 9.60 0.68 none 5.15 9.57 10.06
8/11/61 2,281 7.2 1,508 39.3 3.6 none 110° 9.47 450 9.48 0.5 none 515 9.84 9.1
9Ll [6)e 2,22 3) 7551 1,530, .. 0: 455 A 3.8 none 110° 9.40 3.88 9.70 0.64 none 5.18 9.94  8.50
9/ 8/61 2,273 7.3 1,520 0.55 30.3 2.4 none 111° 9.12 4.44 6.16 0.64 none 5.11 9.66:°  5.59
10/ :6/601" 2,257 . 7.6.-1;530 39.7 3.6 none 110° P78 A2 9.60 0.66 none 5.05 9.70 9.41




from east to west from about 75° F to about 100° F.

The springs with the highest concentrations of dis-
solved solids are on Bird Island, but the discharges from
these springs are comparatively small.

The samples from springs in the lake and from shore
springs in the northwest area all have about the same
concentrations of chlorides and other chemical consti-
tuents.

Investigations of the Bureau of Reclamation showed
that the suspended solids in the outflow of the lake
have a high percentage of calcium and magnesium car-
bonates from May through September. These sedi-
ments, Lept in suspension in the shallow lake by wave
action, give the lake and its outflow water a gray, chalky
appearance. Utah Lake water, when used for irrigation,
leaves a gray residue of these suspended sediments on
the irrigated lands. In the winter, when the tempera-
ture is lower, there is little suspended sediment in the
lake. This would seem to be further evidence that these
sediments are chemical precipitates, since the solubility
of the carbonates would increase as the temperature
decreases.

In addition to the suspended solids load of calcium
and magnesium carbonates, there are large areas of tufa
and travertine deposits especially on the shore of Lin-
coln Point, the west side of West Mountain, and on
Bird Island. These appear to be mainly spring depo-
sitions.

The Bureau of Reclamation report on the chemical
quality of Utah Lake waters has shown that there is a
definite relationship between the concentration of salts
in the lake and the hydrologic data — the inflow, con-
tent, evaporation, and outflow of the lake. From these
studies it has been concluded that: (1) the ‘concentra-
tion of salts in the lake is not increasing, (2) irrigation
in Utah Valley is not the main source of mineral load
to Utah Lake as has been stated by others, and (3) that
it is in error to use a single sample collected at an un-
known location in order to document the chemical
quality of the lake.

Proper management of the contributions of mineral-
ized spring waters to Utah Lake should be an important
consideration in the Central Utah Project.

Midway Hot Springs, or Hot Pots, consist of a scat-
tered group of thermal springs called collectively the
“Hot Pots” which include Schneitter's Hot Pots and
the Ken Johnson Hot Springs. These occur just north
of the town of Midway in Heber Valley, at the eastern
base of the Wasatch Range. Some of these springs
have built conical, bechive-shaped mounds of tufa that
form conspicuous hills on the valley floor. These
springs are all located in a roughly square- shaped area

one and one-half miles wide and lie in portions of sec-
tions 26, 27, 34, and 35 in T3S, R4E. Memorial Hill,
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near the center of section 35, is a large tufa mound of
circular form at the base and 177 feet high. Another
huge tufa mound is located at a resort called the Home-
stead. This cone is about 75 feet high.

Evidently, these unique tufa mounds began as crust-
like deposits around the edge of a circular hot spring
pool and as the water overflowed the rim the lime
deposit grew in height, with a thicker layer at the im-
mediate rim than farther down the sides of the growing
mound. Thus the bechive shape of the deposit was
formed.

The controlling geologic structure of the Midway
group of hot springs is not known for certain, for the
springs issue in all cases from the alluvium of the valley
floor. Three major spring areas form a western group
that line up in a general northwest direction. A similar
northwest trend is displayed by an eastern group, begin-
ning at the south in section 35. At best, these patterns
might suggest buried northwest trending faults.

The waters of the Midway Hot Springs differ mark-
edly in composition from those already described in
Jordan River drainage and other parts of the Great Ba-
sin farther west. For example, analyses in connection
with this report as well as others show much lower
total dissolved solids. Further, the water is very high
in calcium and sulfates and relatively low in chloride.
The temperatures of these springs range from 100° F
to 114° F

Most of the hot springs in this area have a relatively
small flow and in fact many of the hot pots have no
apparent surface flow at all. There is little visible effect
on surface-water supplies. There is one spring called
the Ken Johnson Hot Spring (Mahogany Spring on
U.S. Geological Survey map) which has a very large
flow in comparison with the other springs in the area.
This spring had a total measured flow of 2.5 cfs on July
23, 1964, which makes the total salt contribution quite
large (12.3 tons per day). The water from this spring
flows about 1,000 yards before it is mixed with a large
surface water flow diverted from Snake Creek to a
group of fish ponds which dilutes the salty water con-
siderably. This comingled water was of fairly good
chemical quality with specific electrical conductance
of less than 500 micromhos in Snake Creek. The water
is diverted downstream and used for irrigation.

The Sevier Unit

Earlier reports on thermal springs in this area indi-
cated that there must be a tremendous inflow of min-
eralized thermal water to the Sevier River — a situation
which would be important to define and understand be-
cause of existing water-quality problems on the lower
Sevier River (Stearns, Stearns, and Waring, 1937). It




Fig. 25. Monroe Hot Springs area showing build-up of travertine terrace.

seems, however, that many of the springs mentioned in
these very early reports have ceased to flow or are not
mineralized. In connection with this study only one
mineralized spring of consequence was found which
flows into the Sevier River. Other mineralized springs
in the Sevier unit are either out in the desert where the
flows are evapotranspired or the flows are of such small
consequence that they do not reach the river or have
any discernable effect on other surface-water supplies.
The main mineralized spring areas studied in connec-
tion with this report are Monroe Hot Springs, Red Hill
Hot Springs, Joseph Hot Springs, Redmond Lake, and
Abraham Hot Springs.

Monroe Hot Springs, sometimes referred to as
Cooper’s Hot Springs, are a series of very small hot
springs issuing at the base of the Sevier Plateau one-
half mile cast of the town of Monroe and behind an
abandoned bathhouse and dance hall. The flow from
these springs is very small and most of it is evapotrans-
pired on the site by saltgrass, greasewood, tamarisk, and
other salt-tolerant phreatophytes. At the present time
only one spring has a sufficiently large flow to flow be-
vond the travertine terrace. This flow was measured at
different times during the summer of 1964 and found to

be fairly constant at an average of 0.06 cfs.

The Monroe Hot Springs are located in the SE V4
of the SE ¥4 of section 10, T25S, R3W, and in the NE
V4 of the NE V4 of section 15. The springs are quite
hot, with a temperature of 140° F at the orifice of one
of the larger springs. The bedrock adjacent to this
spring and to the nearby Johnson Hot Spring is porphy-
ritic latite of Miocene age, and the Sevier Fault Zone
appears to be the source of these springs. The Johnson
Hot Spring is located somewhat to the south of the
Monroe Hot Springs, but the flow from this spring is
practically negligible. A very small patch of salt grass
and greasewood manage to thrive on the water from
this spring but the water is completely used at the site.
A large travertine terrace has been built by these springs
along the base of the plateau as evidence of large flows
and many springs at one time. This is illustrated in the
Fig. 25 photograph, which also shows an abandoned
resort near the travertine terrace.

Red Hill Hot Spring is another hot and mineralized
spring associated with the Sevier Fault Zone. The hot
springs in the Sevier Valley (Monroe Hot Springs, Red-
mond Lake, Red Hill Hot Springs, and Joseph Hot
Springs) occur on both sides of the lower Sevier Valley.




Fig. 26. Bathhouse and flume at Red Hill Hot Springs near Monroe, Utah.

(See Fig. 1.) The springs on the western border of the
valley are associated with the Elsinore Fault Zone,
while those on the east rise along the Sevier Fault
Zone. Both faults trend north-south and control the
structure of this portion of the Sevier Valley, which is
a “graben” or a downthrown valley between two faults.
The Elsinore fault lies at the eastern base of the Pavant
Plateau, which is composed of Tertiary sedimentary
rocks (Flagstaff formation) to the north. The Sevier
fault marks the western base of the Sevier Plateau,
composed of Mid-Tertiary tuffs and latitic lavas. These
fault zones in this reach of the Sevier Valley have been
the source of severe earthquakes since settlement by
Mormon pioneers in the middle of the last century.

The Red Hill Hot Spring is one of the springs
found along the Sevier fault in the vicinity of Monroe.
The Red Hill Spring is located in the NE % of the
SW Y of section 11, T25S, R3W. An old bathhouse is
located near a large beehive-shaped hill near the spring.
The mound is composed of both travertine and tufa
deposited by the spring (Callaghan and Thomas, 1939).
A temperature of 168° F was obtained at the source
of the hot water on July 15, 1964. Veinlets and small
lenses of manganese dioxide are present in the mound.

— 38 —

The old bathhouse and the flume carrying the water
from the mound are shown in Fig. 26.

The water from this spring is collected and chan-
neled across a small foothill area and across a canal to
a holding pond. The water is diverted from this hold-
ing pond and used for irrigation as needed. The canal,
across which the mineralized water i1s flumed, is not
used except during periods of high spring runoff, when
flood flows are diverted from Monroe Creek to the
holding reservoir. Thus, during high runoff periods the
waters from Monroe Creek and Red Hill Hot Springs
are mixed and used for early summer irrigations. In this
way the rather permeable soils, to which these waters
are applied, can be leached of salts which accumulate
during the late part of the irrigation season. Crops such
as alfalfa and barley are raised.

Another factor which tends to improve the quality
of the mineralized water is the long distance which
the water 1s flumed from the spring to the holding
pond. In this distance much of the mineral content is
precipitated so that the specific conductance of the
water is reduced from 6,000 micromhos at the source
to 4,000 micromhos at the holding pond.

There is no apparent surface flow from this spring




Fig. 27. Tufa mounds and travertine terrace above canal at Joseph Hot Springs.

which affects surface supplies other than the one men-
tioned.

Joseph Hot Springs are located one mile southeast
of Joseph on the east side of Sevier Valley. The ther-
mal springs rise at the base of a steep scarp on the
northern spur of the Antelope Range. The springs are
located in the NE Y% of section 23, T25S, R3W. The
spring waters rise in a deposit of travertine and tufa,
and some of the water drains into an irrigation canal
immediately below. The setting is shown in Fig. 27.
Temperatures of 140° F to 145° F were obtained from
pools into which the water is running.

The northeastward-trending Dry Wash fault is the
probable channelway for the thermal water. This fault,
when extended northward, lines up with the Elsinore
fault on the west side of Sevier Valley. The bedrock
exposed above the springs is Dry Hollow gray, basaltic-
andesite of probably Pliocene age.

Since the combined surface flow of the Joseph Hot
Springs is extremely small, there is no measurable
change in the water quality of the canal waters above
and below the springs. At one time the thermal waters
were used for bathing purposes, but there is no present
use of these mineralized spring waters.
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Redmond Lake is a pond which submerges a group
of warm springs in sections 11 and 12, T21S, RIW,
near the town of Redmond, Utah. These springs have
a specific conductance of only 1,910 micromhos, but
their large flow of 18 cfs makes them quite large salt
producers — 67.5 tons per day. As may be expected
from nearby industries, these waters are high in chlor-
ides and sulfates. Rock salt is mined from open mines
near the town of Redmond. Gypsum is mined com-
mercially a short distance up the valley near Sigurd,
Utah.

Abraham Hot Springs are located in an isolated des-
ert region about 25 miles northwest of Delta, Utah.
Consequently they flow out over the Sevier Desert and
are dissipated before reaching any live water course.
The springs are also known by the names “Crater
Springs” and “Baker Hot Springs.” By whatever name
they are known, they represent a large hot spring area
extending over two to three square miles in T14S,
R8W. The springs are scattered over such a large area
that the discharge is extremely difficult even to measure
or estimate. The discharge of one of the largest groups
of springs was estimated at 3.0 cfs, while a flow of 0.2
cfs was measured near one of the bathhouses. Others




have estimated the total flow at about 10 to 12 cfs
which would seem reasonable. The waters are generally
quite hot, with measured temperatures ranging from
154° F to 175° F.

These springs are associated with a relatively young
(geologically speaking) volcanic field of basalt flows,
similar in aspect to the Fillmore craters in eastern Mil-
lard County. This is a hot spring area where the heat
may be derived from slowly cooling igneous rocks.
However, it is also admitted that basalt flows are highly
fluid, spread widely in thin sheets, and cool rapidly. A
buried vent may still transfer heated vapors to the sur-
face. Some manganese oxides, resembling the deposits
in the Jordan Narrows, also are found here.

In the Sevier unit there are miscellaneous other
warm spring areas which either have ceased to flow or
are not mineralized. For example, the Hatton Warm
Springs about two miles southwest of Meadow is a
thermal spring area that formerly was much more active
than now, for a series of elongate tufa mounds of great
size mark the site of hot springs no longer active. It
seems reasonable to assume that the fault zone along
which relatively geologically Tecent basaltic cinder cones
and lava flows occur (the Fillmore Craters) is respon-
sible for the associated hot spring activity.

Another thermal spring in this unit is the Sterling
Warm Spring or Ninemile Warm Spring. This small
thermal spring, which is not highly mineralized (specific
conductance 600 micromhos) occurs about one-half mile
south-southeast of Sterling with a flow of only 19 gpm
and a temperature of 72° F. This spring is probably
associated with a north-south trending fault which in-
tersects an east-west fault south of the spring area. The
water emerges from the Funk Valley Sandstone of
Upper Cretaceous age. A strong odor of hydrogen
sulfide gas escapes from the water and free sulfur is
precipitating from the spring water. The spring water
is comingled with water from the overflow of the Gun-
nison City supply and flows into Ninemile Reservoir.
The small flow becomes highly diluted and of no con-
sequential detriment.

The Cedar Unit

In the Cedar hydrological unit in southern Utah
only Thermo Hot Springs is of any consequence. Its
isolated location precludes any effect on other surface-
water supplies. Other thermal springs within the Cedar
unit have been mentioned and described in early re-
ports, but were found to be dry when visited during this
study. Springs which fall in this category are Sulphur-
dale Hot Springs, McKean’s Hot Spring, and Miners-
ville Hot Spring. All of these areas show evidence that
at one time there were hot, mineralized springs at these
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locations, but in 1964 they were dry. Information re-
garding these locations and the water which once flowed
from these springs is reported in U.S. Geological Sur-
vey Water Supply Paper 217, “Water Resources of
Beaver Valley, Utah.”

Thermo Hot Springs consist of two large thermal
spring areas which occur on the flat valley floor of the
Escalante Desert about 15 miles west of Minersville and
about three and one-half miles southwest of Thermo,
a siding on the Union Pacific Railroad. The northern-
most springs issue at the top of an elongated mound 15
to 20 feet high, 500 feet wide, and nearly 5,000 feet
long, in the east half of section 21, T30S, R12W. The
largest group of springs is associated with the southern-
most mound which is about 10 feet high, 160 feet wide,
and 3,000 feet long, in the center of section 28, T30S,
R12W, at an elevation of approximately 5,037 feet.

The thermal water issues at many places on these
mounds, but no single spring discharges any great quan-
tity of water. Discharges from some of the larger ori-
fices were measured at 0.05 cfs and 0.01 cfs. The high-
est temperature observed in 1964 was 164° F. Hydro-
gen sulfide gas (H,S) evidently escapes from the hot
waters.

The source of the hot waters is not positively
known, since the springs issue from the alluvium of the
valley floor. Their north-south trend suggests a con-
cealed fault typical of the Basin and Range structure in
the Great Basin. Later Tertiary lava flows outcrop a
few miles away, both to the east and to the west.

Since the flows are small and the water is all evapo-
transpired in the very near vicinity of the mounds, there
is no effect of the mineralized water on other surface
supplies. There have been filings in the State Engi-
neer’s Office to develop and use the spring for its
thermal energy potential. The present use is for occa-
sional wintertime stock watering. Since the mineral
content is not too high, livestock seem to do well on
the warm water during the winter.

The Uinta Unit

Other than the mineralized seeps and contact
springs mentioned earlier, there are only two mineral-
ized springs considered in this report for the Uinta
unit. These are Split Mountain Warm Springs and
Strawberry Springs. Of the two, Strawberry Springs is
much more highly mineralized, but the large flow of
the Split Mountain Warm Springs makes it the larger
producer of salt.

Split Mountain Warm Springs flow into the Green
River from both sides of the channel and from within
the channel at a point about two miles above the
lower end of Split Mountain Canyon (319.4 miles above




the mouth of Green River). Both the entrance and
exit to Split Mountain Canyon are spectacular because
of the highly inclined strata of sandstone. The canyon
is more than 2,800 feet deep, and its walls rise to the
summits of Split Mountain and the Yampa Plateau
more than 7,000 feet above sea level. The average gradi-
ent through the canyon is 20 feet per mile, which is
steeper than that of any other canyon along the Green
or Colorado Rivers in Utah. The warm springs rise
from cavernous beds near the top of the Madison lime-
stone, or possibly at the base of the Morgan formation.
Although some of the spring openings are above the
high-water level of the river, most of the flow comes
to the surface only one or two feet above the river level
in the late summer part of the season. These openings
would most certainly be covered during the earlier part
of the year. Movement of spring water into the main
channel below the level of the river surface was ob-
served in several of the shallows along the edge of the
river. It is certain, therefore, that the flow of water
into the river is large but practically impossible to
measure. The amount of flow estimated by the U.S.
Geological Survey in 1948 was 20 cfs (USGS Circular
129, p. 31), and this estimate seems reasonable based on
observations in August 1964.

The temperature of the water from the various
spring openings varies from about 84° F to 88° F, indi-
cating that the water rises from considerable depth.
The waters from Split Mountain Warm Springs are
more highly mineralized than other springs upstream
which likewise rise near the base of the Morgan form-
ation.

The limestones from which the warm springs issue
are buried under at least 6,000 feet of younger sedimen-
tary rocks in the Island Park syncline north of Split
Mountain. These limestones, however, appear at the
surface again along the south flank of the main Uinta
Range, in the headwaters of Pot Creek about 15 miles
north of Split Mountain Canyon. This is shown by
Forrester (1939). It is believed that the outcrop area
along Pot Creek generally exceeds 8,000 feet in ele-
vation.

The warm springs are, therefore, considered to be
artesian springs which depend on this high outcrop area
for recharge. The water, as it moves southward, must
go down to considerable depths under the younger
sedimentary rocks in the Island Park syncline where
the temperature is increased considerably. As the water
moves up the flank of the Split Mountain anticline
under artesian pressure, there is undoubtedly some loss
of heat to the limestone, and the temperature of the
water at the spring openings is only moderately higher
than the average annual temperature of the region.

In spite of the large salt contribution to the Green
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River by the Split Mountain Warm Springs, there is
no observable change in water quality of the river above
and below the spring area.

The Strawberry Springs are a group of small miner-
alized springs which rise on the right bank of the Straw-
berry River about 11 miles up the river from the high-
way near Duchesne. The spring area is located in T4S,
R7E, Uinta Base survey. The measured temperature of
50° F is about what would be expected for ground
water in the area, especially since the springs are so
close to the river. Strawberry Springs occur in the nar-
row floodplain of the Strawberry River and flow into
a pond created by a road fill which parallels the river.
There is no visible flow of surface water from the pond
to the river, except in times of high runoff when the
brines remaining in the pond after evapotranspiration
are flushed into the river. This occurs during occasional
summer storms and probably during spring runoff
periods.

A flow of 50 gpm was measured at one of the main
spring orifices and more was coming from a group of
springs, but because of the ponding and lack of surface
runoff, the total production of the springs is impossible
to measure. The water is consumed by greasewood and
saltgrass or is evaporated.

Even though there is no direct surface runoff enter-
ing the Strawberry River, the springs still have an effect
on the chemical quality of the river. In August 1964
the effect of the springs was to increase the specific
conductance of the river from 600 micromhos upstream
from the springs to 800 micromhos immediately down-
stream. During periods of high runoff the effect is not
discernable and the specific conductance of the river is
then about 550 micromhos.

The Strawberry Springs have the highest boron con-
centration of any mineralized springs sampled for this
study. Their boron concentration of 12.0 ppm is de-
cidedly unusual for natural waters and would only be
expected in brines. These springs, together with waters
from nearby Indian Creek, undoubtedly contribute a
great deal to the boron problem on the Duchesne River.
During low flow periods the Duchesne River contains
enough boron to injure plants which are sensitive to
boron (Thorne and Thorne, 1951). Toxic contents of
boron in Duchesne River waters may be the cause of
some instances of low crop yields. These problems may
be somewhat alleviated if the contributions of boron
from Strawberry Springs could be kept from the Straw-
berry River.

The West Colorado Unit

No mineralized springs are discussed in this report
for the West Colorado hydrologic unit. There are many




Fig. 28. LaVerkin Hot Springs issuing directly into the Virgin River
during low flow season.

mineralized seeps and undoubtedly some mineralized
contact springs in the area as mentioned earlier in this
report. Further information regarding these types of
mineralized waters can be found in U.S. Geological
Survey Professional Paper 442, by Iorns and others, en-
titled “Water Resources of the Upper Colorado River
Basin.”

The South and East Colorado Unit

Like the West Colorado unit and the Uinta unit
described earlier in the report, the South and East Col-
orado hydrologic unit probably has many mineralized
seeps which may contribute salts to surface water sup-
plies. However, very few mineral springs of major con-
sequence are known. Of the warm springs in this unit
investigated, only the LaVerkin Hot Springs was found
to be of sufficiently high flow and mineral content to
deserve consideration.

LaVerkin Hot Springs, sometimes called Dixie Hot
Springs, are a series of fairly large hot springs issuing
from the bottom and both banks of the Virgin River in
the lower reach of Virgin River Canyon, about a mile
south-southeast of the town of LaVerkin, and 2,500 feet
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due east of State Highway 17. The springs rise at inter-
vals throughout a horizontal distance of about 1,600
feet in the SW % of section 25, T41S, R13W. During
low flow periods (July, August, and September) most
of the hot water emerges from fissures and joints on the
south bank and in the river bed as well as from a tunnel
in the Kaibab limestones of Permian age. Strong fis-
suring in the footwall of the nearby Hurricane fault
provides channelways for the water. The springs can be
seen issuing directly into the Virgin River in Fig. 28.
The reach of the Virgin River where LaVerkin Hot
Springs issue is shown in Fig. 29. Practically the entire
flow at the time of the photo was from the springs. It
is interesting to note that the Hurricane Canal, shown
in the upper part of the Fig. 29 photographs, was
carved out of the mountainside by hand tools by the
early settlers of the Hurricane area.

Discharges of about 12 cfs were measured. This ap-
proximate discharge also has been reported by the Bu-
reau of Reclamation. The temperatures of the water
range from 108° F to 132° F. A strong odor of hydro-
gen sulfide gas is present in the vicinity of the springs.
Total dissolved solids have been reported as 9,600 ppm
by the Bureau of Reclamation and were measured as
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Fig. 29. The reach of the Virgin River where LaVerkin Hot Springs issue.
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9,930 ppm in this study. Sodium is by far the most
abundant cation, while chloride and sulfate ions are
the most abundant anions.

From a water quality standpoint, the Virgin River
and it tributaries are probably the most critical of all
the major streams in the state. In this area the water
is extensively used and reused as it flows through im-
portant irrigated areas in Utah, Arizona, and Nevada,
and since the flow from upstream diversions is always
more highly mineralized when it returns to the main

stem after being used for irrigation and other purposes,
these return flows contribute significantly to the dis-
solved mineral content of the downstream flows. The
largest increase in downstream mineral content, how-
ever, has its source in the LaVerkin Hot Springs. Dur-
ing periods of low river flows, this source contributes a
large percentage of the total flow downstream. The salt
content of the downstream flows is increased to the
point that the use of these springs together with return
flows is questionable even for irrigation.

MANAGEMENT AND CONTROL POSSIBILITIES

Of the several springs sampled and measured in
connection with this study, only a few have a noticeably
harmful effect on the important surface water supplies.
This is not to infer that there may not be an effect on
ground water supplies through intermixing as flows rise
toward the ground surface.

Those springs sampled and studied which warrant
some considerations in management and control of
their waters are discussed by hydrologic unit in the fol-
lowing paragraphs.

Great Salt Lake Desert Unit

The mineralized springs in this unit which affect
surface water supplies are Deseret Springs near Iosepa
and Blue Spring near Howell.

The water from Deseret Springs is used for stock
watering and for irrigating saltgrass meadows. These
waters drain eventually into Great Salt Lake mud flats
without joining any major stream. Both the salinity
hazard and the alkali hazard of this water are very high.
Production is limited to plants with high salt tolerance.
Proper management in order to make better use of this
water may include drainage of the land along with treat-
ment to improve the sodium exchange. The ground
water in this area is also of poor quality, so that ground
water could not be used for dilution. The general qual-
ity of ground water in Skull Valley has been described
by Everett (1958). According to Everett, the ground
water in Skull Valley is generally saline from the north-
ern end of the valley at Timpie Springs to as far south
as the Deseret Ranch at Iosepa. This fact is supported
by the quality of water in the springs just to the north
of Deseret Ranch known as Deseret Springs, as well as
that of the wells just south of Deseret Ranch. Deseret
Springs have salty water (TDS = 6,563 ppm), while the
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wells just south of Deseret Ranch have good-quality
water (TDS = 300 ppm). The ground water yield in
the area south of Deseret Ranch would not be suffici-
ent to support irrigation in the northern part of Skull
Valley since this ground water is already being used
rather extensively in the south end of the valley.

Water from Blue Spring near Howell is impounded
in Howell Reservoir from which the water is diverted
and used for irrigation. Water having about 2,000 ppm
of TDS might be of questionable quality for irrigation
except that most of the water used for irrigation during
the carly part of the season is mixed and diluted by
spring runoff waters of Blue Creek. This allows leach-
ing of the soil with better quality water during the
carly part of the irrigation season when plants are par-
ticularly susceptible to salt damage. During the latter
part of the irrigation season, the salt concentration of
the reservoir water is increased slightly, since the only
source of supply to the reservoir during this time of the
year is the mineralized spring. This water has been used
effectively for many years, and farmers in the area using
this water indicate that there seem to be no deleterious
effects on crops from the Howell Keservoir water.
Proper management practices have been the key to the
beneficial use of this water for irrigation.

Bear River Unit

Nearly all of the mineralized springs in this unit
have some effect on downstream surface supplies, since
most of the springs are located on the stream banks or
in the channel of the Bear River or its tributaries. As
the Bear River approaches the Utah state line from
Idaho, it receives salt contributions from two major
spring groups. These are Battle Creek Hot Springs and
Vincent Hot Springs. Other springs on the Bear River




itself, which cause an increase in the salt concentration
of the Bear River, are the Cutler Springs and the min-
eralized springs at Crystal Springs near Honeyville.

If management and control of the waters from Bat-
tle Creek Hot Springs and Vincent Hot Springs should
become necessary in the future, the best possibility for
these appears to be diversion to holding ponds from
which the water could be diverted to the Bear River
during high flow stages in the spring of each year. In
both cases nearby meadow land could be used for the
purpose.

Since the present salt concentration of the Bear
River above Cutler Narrows is not high, control and
management of the springs is not critical. However, as
upstream development of the Bear River proceeds,
quantities entering Utah will be decreased and the min-
eral concentration increased. The relative detrimental
effect of the springs at that time will be significantly
increased. The location of the springs at Cutler Nar-
rows in the river channel makes removal and treatment
possibilities extremely difficult. To be aware of the
water quality problem in the downstream waters and to
adopt irrigation practices suitable for the situation may
be the only reasonable course of management action
for these springs. During high flows in the river, the
quality of water below the spring area is not a problem.

The deleterious effect of Crystal Springs near Hon-
eyville is noticeable on the quaht\ of Bear River water,
and consideration of management and control schemes
for these springs is warranted now. The water from the
cold springs is comingled with the water from the hot
springs to form Salt Creek, which eventually flows into
the Bear River several miles to the south. Management
possibilities would suggest a number of alternatives.
The most apparent possibility may be to channel the
water from the hot spring directly to Great Salt Lake
without comingling or storing. Or it may prove more
efficient to divert the hot spring discharge to a storage
pond for complete evaporation. Other alternatives may
be to convey Salt Creek water to an offstream storage
site where the water could be partly evaporated and
stored for timed releases to Great Salt Lake via the Bear
River. The storage requirement for nine months would
be 4,000 to 5,000 acrefeet. The three-month release
period would have to be timed so as not to interfere
with other users who may be using Bear River waters
for leaching or flushing, such as in the bird refuge.

The Malad River, arising in Idaho and joining the
Bear River at a point below Cutler Dam, has three
major spring areas which issue directly into the river.
These are at Pleasant View, Idaho (near Malad), at
Woodruff, Idaho (Price’s Hot Springs), and near Ply-
mouth, Utah (Udy’s Hot Springs). The total dissolved
solids content of the Malad River is high to begin with,
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as the headwaters of the Malad are fed by mineralized
springs. However, the total dissolved solids of the
Malad River on July 11, 1964, was increased from 3,900
ppm to 4,900 ppm with the contribution of Price’s Hot
Springs near the Utah border. The concentration re-
mained fairly steady but decreased slightly to 4,500
ppm by the time it reached Udy’s Hot Springs. The
total dissolved solids concentration of the Malad River
was increased again to 5,500 ppm with the contribution
of Udy’s Hot Springs.

Two management possibilities for springs along the
Malad River are suggested. First, the discharge from
the springs along the Malad River is small enough that
off-channel evaporation ponds could be successfully
used in reducing salt input to the river. A storage ca-
pacity of about 2,200 acrefeet with a surface area of
over 700 acres would be necessary to implement this
scheme just to take care of Udy’s Hot Sprmgs alone.
Even with the three groups of mineralized springs re-
moved in this manner, however, the quality of the
Malad River water still would not be “good.” A second
possibility would be to provide for dilution of all Malad
River waters before their confluence with the Bear
River. There is a damsite on the Malad River below
most of the damaging springs which could store Malad
River water and receive Bear River water through a
feeder canal. The purpose of the Bear River water
would be to sweeten by dilution the water stored from
the Malad River. By such mixing and storing, the res-
ervoir releases would be of good quality — the degree of
quality depending on the amount of imported water.
It is understood that the U.S. Bureau of Reclamation
is examining the feasibility of a storage reservoir on
Malad River. There are water management advantages
in addition to those of water quality, of course, which
make such a proposal desirable.

Another spring in the Bear River unit that has some
potential for better management is the Bothwell Salt
Creck Spring with a flow of about 16 cfs to 32 cfs, de-
pending on the time of year. This spring has a salt load
of about 90 tons per day. The major present use of this
water is for wildlife ponds in the marshes and mud flats
at the north end of Great Salt Lake. The vegetation
thus supplied is of a relatively salt tolerant variety.
However, the quality of Bothwell Salt Creek water is
such that if it could be mixed with other fresh water
supplies it could be safely used for irrigation or other
uses.

Jordan Unit

Those mineralized springs of the Jordan River unit
which may significantly affect the utility of manageable
supplies are Jordan Narrows Warm Springs, Goshen




Warm Springs, Castilla Hot Springs, Midway Hot
Springs, and the springs in and around Utah Lake, in-
cluding those at Saratoga, Lincoln Point, and Bird
Island.

The Jordan Narrows Warm Springs are being used
as a supply for Camp Williams. These springs are not
really highly mineralized as far as many uses would be
concerned, but as a public water supply even this min-
eral content (TDS =350 ppm) is somewhat undesir-
able. Again, mixing with a better quality supply would
afford a satisfactory solution to this problem.

The water from Goshen Warm Springs is used for
irrigation of the meadow grasses found in the bottom-
lands of Goshen Valley. Both the sodium hazard and
the salinity hazard of this water are very high, but the
grasses are salt tolerant and there is probably consid-
erable springtime leaching. For better management of
these springs, every possible source of good-quality wa-
ter should be used for mixing. Since ground water in
the vicinity is generally of poor quality, this means turn-
ing to whatever surface supplies are available for dilu-
tion and spring leaching of salts.. Efforts should be
made to maintain proper drainage and proper soil
structure where the mineral springs water is used for
irrigation. This would help to maintain a salt balance
such that higher-quality crops could be grown. The
water may not be at all objectionable for certain indus-
trial uses. In fact, the water has been previously used
in ore reduction.

Recent highway construction near Castilla Springs
has effectively dammed off the surface flow from the
springs so that on September 2, 1964, a surface flow of
only 0.01 cfs was measured at a culvert crossing under
the highway. A larger stream of 0.08 cfs was measured
near the old bathhouse, but evidently most of this is
used by salt-tolerant phreatophytes growing in the
ponded- area as well as by evaporation from the pond.
There is also a likelihood that a large part of the orig-
inal 1 cfs is moving through the alluvium and the road
fill to the river. However, on the sampling dates both in
August and in September of 1964 there was no notice-
able change in the electrical conductivity of the river
above and below the springs. If the water is moving
through the alluvium, it may take some time to saturate
the media with salts so that an appreciable amount of
salts would begin to reach the river. There is very little,
if any, measurable effect from the springs on the quality
of the river water.

As long as the flows remain high in Snake Creek,
which collects most of the surface flows of the hot
springs near Midway, there should be no serious prob-
lem in using the water for irrigation. However, if there
is much variation in the flows of Snake Creek there
may be times when the water in Snake Creek could
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reach 1,000 to 1,500 ppm of dissolved salts. Down-
stream users should at least be aware of this problem
so that appropriate irrigation management practices
such as spring-time leaching and planting of salt-toler-
ant crops could be employed. This water would likely
be highly undesirable for use as drinking water because
of the high concentrations of calcium and magnesium
sulfates.

Improvement of water quality on Snake Creek dur-
ing low runoff periods would require reservoir storage
for low flow augmentation when the comingled spring
water becomes a high proportion of total flow. In this
way more dilution could be accomplished in the latter
part of the irrigation season.

Since a large fraction of the mineral contribution to
Utah Lake enters the south end of the lake by way of
Goshen Bay and Lincoln Point, it has been estimated
that from 13,000 to 21,000 tons of chloride, or from 17
to 27 percent of the computed inflow chloride load to
Utah Lake could be withheld from the Lake by con-
structing the Goshen Bay Dike, as proposed in the Cen-
tral Utah Project plan report of the Bureau of Reclama-
tion. This dike would effect an improvement in the
chemical quality of Utah Lake and the Jordan River,
not only from the withholding of salts from the lake,
but also by the reduction in evaporation due to the
reduced water surface area of Utah Lake.

Sevier Unit

Much of the mineralized waters occurring in the
Sevier River Basin, and originally thought to result
from thermal springs, is likely meteoric water which has
had contact with near-surface salt beds. Either by na-
ture of location or quantity of discharge the mineralized
springs in this hydrologic unit do not cause major prob-
lems with other supplies. Flow from springs in the
Redmond Lake area probably obtains its mineral con-
tent from salt beds in the Redmond Hills anticline.
These springs are not exceptionally high in salt content
but flow about 18 cfs so that total salt introduced by
these waters is relatively high.

The warm waters from Redmond Lake are used for
irrigation, and although the salinity hazard is high the
alkali hazard is not. By comingling better-quality water
diverted from Sevier River with the more saline water
from Redmond Lake, good crops can be raised. Since
the Redmond Lake waters are not excessively saline,
they can be used beneficially with proper management.

Uinta Unit

The estimated 58 tons per day salt contribution of
Split Mountain Warm Springs is relatively large but
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when diluted by the waters of the Green River, there
is no observable change in the water quality of the river
above and below the spring area. This fact makes the
likelihood of control or management of the spring wa-
ters improbable. Even if the need were to arise, at-
tempts to control or manage the spring waters separ-
ately would be practically impossible because of their
location in the channel and the nearvertical canyon
walls.

Strawberry Springs in the Uinta Unit, however, do
present some management possibilities. Toxic contents
of boron in the Strawberry and Duchesne rivers are un-
doubtedly due, in part, to the boron contributions from
Strawberry Springs. Harmful concentrations of boron
and other salts could possibly be kept from water sup-
ply sources by providing off-channel evaporation ponds
near the springs. This may require building the adja-
cent road fill somewhat higher. Since most of the pres-
ent contribution of salts appears to be reaching the
Strawberry River through the alluvium, an underground
cutoff by piling or by alluvial grouting would be the
major management consideration. The economic justi-
fication of such measures would have to be studied in
more detail, but prevention of crop damages due to
boron contamination would seem to justify the man-
agement measures here.

South and East Colorado Unit

The possible increase in salt concentration with in-
creased depletion under the proposed Dixie Project has
come under considerable discussion and study in recent
years. Of principal concern in this regard is the effect

of LaVerkin Springs on downstream flows. The U.S.
Bureau of Reclamation has made operational studies
of the project with and without the water from LaVer-
kin Springs to determine the effects on quality of water
leaving Utah. Under a plan which contemplated a dam
and reservoir near the town of Virgin, Utah, the effect
of the LaVerkin Springs was estimated to cause an in-
crease of approximately 600 ppm of total dissolved sol-
ids in Virgin River at Littlefield, Arizona. The annual
weighted mean quality in terms of total dissovled solids
would increase from 1,560 ppm before Dixie Project to
1,790 ppm with LaVerkin Springs removed, and up to
2,370 ppm without removal of LaVerkin Springs water.
Further detail on a monthly basis is given in Table 7.

The physical accomplishment of the collection and
removal of LaVerkin Springs water would not be sim-
ple. The springs emerge in a narrow, steep canyon.
There are one or two draws at the mouth of the canyon
which might offer some possibility for temporary stor-
age if it were not for the porous lava formations exist-
ing. Any removal scheme would likely involve pumping
the mineral water out of the river channel during low
flow periods. It might be possible to convey the water
to the Bench Lake area and there provide evaporation
opportunity. Whether or not the minerals precipitated
would have some commercial value which would add
to the economic feasibility of removing the spring wa-
ters would have to be investigated. Over 100,000 tons
of dissolved solids are carried in the waters of LaVerkin
Springs each year. Investigations still underway indi-
cate that the development of a storage reservoir on the
Virgin River under the Dixie Project will likely have
to be below rather than above LaVerkin Springs.

Table 7. Estimated average discharge and quality of water, Virgin River at Littlefield, Arizona; present conditions and
conditions after developimem of Dixie Project, }JL:h.

o e Jan. Feb.  Mar. Apr. May June  July Aug.  Sept. Oct. Nov. Dec. Annual
Average discharge of Virgin River at Littlefield
(discharges in 1,000 acre-feet)

Present conditions! 14.0 18.4 21.9 25.6 25.9 6.8 7.5 14.6 9.3 9.7 11.4 13.3 178.4
After development of Dixie

Project:*
LaVerkin Springs removed 9.7 ey 10.5 9.1 9.8 5.2 7.1 13.1 6.9 6.7 9l 9.0 108.1
LaVerkin Springs not removed 10.4 12:5 a2 9.3 10.6 5.9 7.8 3.9 7.6 7.5 9.8 9.8 116.8

Average quality of the flow of Virgin River at Littlefield
(total dissolved solids in parts per million)

Present conditions!

Average daily quality 1,850 1,760 1,630 1,520 1,640 2,280 2,440 2,430 2,440 2,450 2,100 1,930 2,040

Weighted mean quality 1,800 1,530 1,160 1,020 935...1,870 . 2,280 2,050 2,130 .2,320 1,950, 1,870 1,560
After development of Dixie

Project:
Weighted mean quality:
LaVerkin Springs removed 1,900 1,740 1,320 1,550 1,410 1,370 1,570 1,850 2,150 2,600 2,120 2,050 1,790
LaVerkin Springs not removed 2,450 2,160 1,870 2,140 1,970 2,370 2,340 2,260 2,840 3,270 2,670 2,600 2,370

1 Average for October 1929-September 1955 period.

2 Based on the average annual flow of 178,400 acre-feet for the October 1929-September 1955 period at Littlefield for present conditions. The apparent stream depletion would
be only approximately that which would result from project operation plus transbasin exports of 8,000 acre-feet a year to the Cedar City area.
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SUMMARY

Water demands and consumption are continually
increasing in Utah through expanding population, agri-
culture, industry, and recreational uses. Water quality
problems will become acute as our available water sup-
plies are used more completely. One source of these
quality problems, as discussed in this report, is that of
mineralized spring waters which limit and sometimes
destroy beneficial uses of water in some areas of the
State.

For this study an inventory of the mineralized
springs in the State was taken which included the loca-
tion, hydrologic and geologic setting, and the quantity
and quality of water. Evaluation and interpretation of
this information have permitted appraisal of the current
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and potential effects of these mineral spring waters
upon important usable supplies. The investigation ac-
complished a sorting of mineralized spring waters as
they affect major water supplies. Results indicate that
many of the springs described as thermal springs are not
mineralized and, therefore, have no deleterious effect on
the mineral quality of our water supplies. Also, many of
the mineral springs are of no current consequence since
they are either so small in salt production or the water
merely flows out onto the desert and is evaporated. In
the case of those springs which do affect our water sup-
plies adversely, possibilities for control and management
to extend the usefulness of these water supplies are
suggested.
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