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: GEOTHERMAL INVESTIGATIONS AT SELECTED ,
 THERMAL SYSTEMS OF THE NORTHERN WASATCH FRONT
WEBER AND BOX ELDER COUNTIES UTAH

by
Peter Murphy, Geologist
T Wallace Gwynn, Research Geologist -
" " Research Geology Section
November, 1979

ABSTRACT

: Numerous thermal sprrngs are present along the Wasatch Front . from Utah valley on the south:
to the state line on the north. These systems are just west of the. Wasatch Mountains at the eastern
edge of the Basin and Range phys1ograph1c provmce and w1th1n the actrve seismic zone referred to as
the Intermountam Seismic Belt. This Report of - Investrgatron is a summary of UGMS investigations at -

four northern wasatch front geothermal systems:fUtah,'Crystal‘(Madsen), and Udy hot springs; and

the Little Mountain - south system. All of theseresources are deep circulation systems and the water
is heated by the normal heat flow of the Basin and Range Province Heat from volcanic sources is not ‘

belreved to contrrbute to the warming ‘of any northem wasatch front springs. Data collected under the i
DOE/DGE state. coupled program is presented for use by 1ndiv1dua1s 1nterested in these systems 3

INTRODUCTION

Under contract wrth the U. S. Department of Energy/Dmsron of Geothermal Energy (DOE/-

DGE), the Utah Geological and Mineral  Survey. (UGMS) has been conductmg research to advance the .

utrhzatron of low temperature geothermal heat | in the state of Utah. Activities related to the contract

(ongmally EG-77-S-O7 1679 but later changed to DE—ASO7-77ET 28393) began on July: 1 1977 and

wrll contmue mto 1980

" To date, UGMS has concentrated its mvestrgatrons along the wasatch front from Utah Valley
on the south to the Utah—Idaho state lme on the north (figures 1 and 2) The reasons for the concen-

tratron of effort in this area of the state are as follows. 1) the concentratlon of an apparent geother- :

mal resources in thls area and 2) the three major populatron centers of the state (north to south)' -

Ogden Salt Lake City, and Provo lie wrthm the region. The co-locatron of low temperature geothermal

resources and potential users mcreases the possrblhty of trmely resource development Therefore, re-

source mformatron in populated areas should encourage the development of low temperature re-

sdurCes for direct heat ‘applications by providing a data base from' which potential users can make_

informed decisions. At the same time, investigations of the Basin and Range Province geothermal
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'systems of the Wasatch Front will provide data for models that will be applicable to other Basin and
‘Range geothermal systems.

'REGIONAL STRUCTURAL SETTING

The Wasatch Front of north-central Utah is at the boundar%l between the Middle Rocky Moun-

tains on the east'and the Basin and Range ‘physiographic provmce to the west. The geothermal re-

‘sources to be discussed in this report are all to the west of the Wasatch Mountams and within what
;Stokes (1977) refers to as the Wasatch Front Valley Section of the Basin and Range physrographic
-province. The Iowland adjacent to the Wasatch Range and described by Stokes (1977) as a series of

l;_?valleys separated by spurs or salients of the Wasatch Range is a series of northward trending grabens

) separated to varymg degrees by horsts, or bedrock highs. The best examples of these grabens are: Utah -

‘Valley (bound by ‘the Traverse- Range on the north) and the Jordan Valley (bound by the Traverse
Ranges on. the south and the Salt 'Lake Salient on the north).

North of the Salt Lake Sahent and nnmedlately adjacent to the Wasatch Mountains is an elon- '

gate cbmplex graben (figure 3) that persists as far north as the town of fielding in Box Elder County.
The deepest portions of this graben are west of Ogden and Willard, and are separated by a slight saddle
on the gravity surface. Immediately east of this saddle is the Pleasantview salient of the Wasatch-
Range, and the Utah hot springs geothermal system. To the west of the saddle is Little Mountain -
south and the warm waters of the Great Salt Lake Mineral Corporation wafer wells. North of Willard,

the graben strikes slightly east of north to Brigham City then slightly west of north to Tremonton.
Twelve miles north of Brigham City, just_north of Honeyville, the Crystal (Madsen) Hot Spring sjrstem

is present on the eastern flank of the graben. From Honeyville northward to Fielding the thicknesss of
the valley fill in the graben continues to decrease, and between Fielding and Plymouth is a saddle on

» the gravity surface. On the northern edge of the saddle, approximately one mile southwest of Ply-

mouth is the Udy (Belmont) Hot Springs geothermal system. Near Cutler Dam on the eastern edge of

the same horst is Cutler Warm Springs. The small graben north of Plymouth is bound on the north by

a horst located beneath the town of Woodruff, Idaho, and a thermal spring is nearby.

Other sources of warm water indicated on figure 3 include Hopper Hot Springs, (B-5-3) 27c;
a 500 foot well, (B-9-3) 37 cba, south of Stinking Hot Springs containing 74°C water; and an 11,005
foot geoth‘e‘rmal test hole (Davis No. 1) drilled by Utai{ Power and Light and Geothermal Kenetics,
(B-10-2) 16c¢ba, in which the bottom hole temperature was réported as 105°C.

In summary, the known occurrences of thermal water are found: 1) at the margins of grabens,
and 2) where be_drock is relatively close to the surface over horsts that separate north-south trending

grabens. To date,_thermal waters have not been encountered in the deep portions of the grabens.

¢
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UTAH HOT SPRINGS
Description and Water Chemistry

Utah Hot Springs, (B-7-2) 14 dca, issues from valley fill at the western edge of the Pleasant View
salient approXimately 90m (300 feet) west of VUtahf Route 89 on the Box Elder-Weber County line
(figure 4). From the springs, Willard is 8 km (5 miles) to the north arid North Ogden is 6.4 km (4
miles) to the southeast The area surroundmg the springs is a corndor for vehicular and rail traffic as
well as for electrical transmission lines and gas pipelines. The springs are controlled and the discharge
collected so that both the land and water can be used The main spnng orifaces are confined in pools
by stone walls that are only a few tens of feet from the Union Pacific railroad tracks. The spring
discharge is channeled north and westward to a resort that is presently abandoned. A greenhouse
complex operated by Allen Plant Company uses a small portion of the spring discharge for heating
‘during the winter months. All the water from the main springs eventually drains to the swampy area
north of the abandoned resort. The maximum temperature measured at the springs ’by"UGMS employ-

ees has been 63°C, although the maxrmum reported temperature of the sprmg drscharge is only 58.5°C
(table ).

A spring oriface not discussed by 'ekitherﬁ‘Milliéan, et al, (1966) or Mundorf V( 1'970) is located
approxlmately 152 m (500 feet) southeast of the main spnngs described above (figure 4). The water ,
- was previously used in an abandoned swimming pool just east of the Union Pacific tracks. The temper- ‘
ature of the spring drscharge was measured at 40°C where the flow passes under the tracks.

The sprihgs described above are not the only springs present in the area. The zone between the
U.P. tracks 'on the west and the quartzite outCroppings to the east contains a numb’ér‘ of springs for
approximately one mrle to the north (figure 4). The area 1mmediate1y north of the : sprrngs is swampy
and contarns numerous seeps A concrete box under one of the old county roads contams 25°C water.
Just north and ‘east of the abandoned resort a sprmg of 20°C water flowsr from a spnng house. A seep
of 34°C water flows from a crack in the concrete floor of the Allen Plant Companjl greenhouse.

A limited shallow ground temperature survey was conducted at Utah Hot Springs in mid-August
1978 The locations of the 1.0-1.5 meter deep holes and cOntours of equal temperatures are present in

figure 4. The major anomally is centered around the main spring orifaces. To the north temperatures
descrease raprdly with- drstance from the springs. To the south the decrease is not -as raprd Although

~ ‘control is somewhat lrmrted the 25°C isotherm extends as far west as the Allen Plant Company green-

house and may reflect the subsurface dramage of thermal waters away from the sprrng 1n the perme-

able materral encountered durmg gradrent hole drrllmg



Table 1.

Chemistry of selected Wasatch Front thermal springs and welis

Owner Temp Depth vield 4 Date of Si0, . Fe Ca Mg Na K HCO3 S04 Cl - NOj3 F TDS Cond. pH
-] - Y ..

or C (feet) {gpm) collec | mg/l 1 mmho
Name . . tion
Utah 58.5 © - - 11-13-66 35 - 1,020 -39 - 6,580 935 182 201 12,700 0.8 4.3 . 21,600 3.48 x 107 7.5
Hot Springs - . : . ) ’ ’
Crystal 55.5 - - 10-27-51 32 - 830 230 15,000 790 479 480 26,000 - - 43,500 5.86 x 10° -
{Madsen) . ) .
Hot Springs
udy : ‘ 51.0 - 200R-  .9-8-71 29 .22 220 70 2,900 120 360 98 4,800 a9 4. . 8820 1.5 x 10* 7.2
Hot Springs:- 2 - ; -
Morning Glory Pool s
Cutler Warm: 23.0 ;‘.', - 10€E 2-2-68 17 - 84 43 620 22 320 65 1,000 2.1 1.0 2,120 3.67 x 10° 7.6
Spring i : i : : e g
Stinking 475" - - . 10-27-51. 54 .01 920 360 - 11,000 670 . 528 59 21,000 - - 34,600  4.89 x 10° 6.4
Hot Springs ot T - N 3
Hooper 60.0 " - - 9-15-53 35 - 535 92 2,520 285 234 36 43707 20 7 9,310 1.49 x 10° -
Hot Springs : " . ' :
Oaden 57.0 - . 75E 11266 47 - 356 49 2730 359 192 106 4,940 4 37 8650 1sx10* 77
Hot . - . . .
Hot Springs
GSLM 39.0 806 56M . 9-27-68 24 - 15 44 148 94 305 1.0 104 0.3 0.7 a82 7.85 x 10° 8.1
Wwell No. 14 y -
astmM 38.0 920 180M  9-10-69 67 - 27 54 323 - 571 o5 230 02 - 980,  1.49x10° 8.2
well No. 15 ‘
'Murdortt, 1970° - - -

Bjorkland and McGreevy, 1973

Boike and Waddel, 1972 :
*R. reported

E - estimated ‘

M - measured ! ; "

/ - ©
. » z"’.vl‘ﬁz/‘ Vo
€ ) N ‘ X } C
4 (8 (g (4 - 4 € L ¢
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The quality of the water at Utah Hot Springs is relatively poor. A total dissolved solids cdptent
of over 21 ,000 mg/l makes the water saline in nature, and almost 90% of the TDS is Na and Cl iops

(table 1). In addition to the high salinity, the water contains 3 to S mg/1 dissolved iron that oxidizes
when the water is aerated. The precipitated iron has caused probleins with using the water as a primary

fﬂuid for space heating, and disposable polyhrethane' tubing is presently being used for pipes in the

gfeenhouse. With both hot and cold springs issuing in close proximity of each other, there is little

‘doubt that the thermal fluids are mixing with nonthermal water in some unknqwn proportions.

’ "In addition to major anions and cations, the water at Utah Hot Springs also contains measurable
quantities of radium and uranium. Values of Ra and U for selected Wasatch Front thermal springs as

reported by Felmlee and Cadigan are presented in table 2,

Pleasant View Salient - Geology and structure

The Wasatch Mountains east of the Ogden area are a complex series of thrust sheets involving

rocks of Precambrian and early Paleozoic age. The Pleasant View salient is a portion of the Wasatch

range that has been displaced downward relative to the range, but has remained high relative to the

graben floors beneath the valley fill to the west. The rocks exposed on the salient are all Cambrian in
age, and include the Tintic quartzite, Ophir shale, and undifferentiated middle Cambrian dolomites
and limestones fhat are chiefly Maxfield dolomite. In both areas of the salient where the Quaternary
shoreline deposits are absent or thin, the Tintic quartzite is found above the younger undifferentiated

dolomites and limestones, and thrusting is indicated on the state geologic map (Stokeé, 1963).

The bounding structures of the Pleasant View salient are for the most part concealed and as a
: result are not fully understood. A normal fault separates the salient from the main Wasatch Range;
portions of the scarp are indicated in figure 5. A sinuous fault line scarp marks the western edge of the
salient and is present immediately east of the Utah hot spring geothermal system. Cluff, et. al. (1970)

end the second class scarp of the western fault in the vicinity of the hot spring system (figure 5),
but a number of third class lineations may indicate that the scarp continues southeastward buried
under Quaternary shoreline deposits. At the north end of the western scarp; (figure 5), the planar

surface striking northeast may be the northward continuation of the scarp. No further information
on the locations of boundary faults is presently available, however, a detail gravity survey and an
aeromagnetlc survey planned for the 1979 fleld season w111 aid in accurately locating the major bound-
1ng structures buried beneath the valley fill. v ‘ R

-

¢

¢
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Table 2. Radon and Uranium analyses for selected Wasatch Front thermal springs. Data from
" Felmlee and Cadrgan (1978)

Sprmg - B Ra U
2 | (upg/l) . (ug/h)
Wasatch Hot Spring 27 ‘ , -
Becks Hot Spring = ‘ ; 23 - o -
- Utah Hot Spring ‘ , 66 . - - 004
. Crystal (Madsen) Hot Spring 220 ' 1.5
Udy Hot Spring : 32 - ' 0.8

~ . Table 3. Approximate total dissolved solids and maxrmum reported temperatures at selected Wasatch
Front thermal springs.

/ - . Spring . Approximate TDS (mg/1) * - . Maximum reported Temperature
- Crystal . 1,500 : 86°C (187°F)
Saratoga ' ‘ 1,500 44°C (111°F)
.Udy , : ' 7,900 . 54°C(121°F)
Wasatch 8,600 ' - 42°C (108°F)

‘Beck ' o 13,700 ' . 55°C(132°F)

‘Utah : 29200 ~ 62°C(144°F)

Crystal Madsen) =~ 4290 oo S7°C(135°F)
*From Mundorff (1970) T : - '




ke

3

Catd.
Sprs ¥

ey

\\ -~ EXPLANATION

‘ELONGATE- ... °.}

~_ COMPLEX <™ __ Lineaments
GRABEN-" a— Class 1
e Class’ 1T
Class TII

0

Scale ({000 feet=304.8m)

\\'ol, 1974,

PN

3000 Feet

Base from USGS North Ogden, UT, 1975
and Plain City, UT, 1975 quadrangles,
. -Lineaments modified from Cluff, -et.

Lineaments of the Pleasant View Salient, Box Elder and Weber Couhfies, Utah

c | | S | ~ Figure

¢ ¢ s r 'S R T <

¢

?ﬂ:‘ |

.zl.

C




-13.

“Although the lineaments’ internal to the Pleasant View salient appear complex two sets of rough-
ly perpendrcular lineaments .can be 1dent1ﬁed One set of lineaments strikes northwestward, parallel
to the Wasatch Range while the other set strikes to the northeast. Both lineament sets contain Class II
and Class III lmeaments Near the western edge of the sahent at least two of the northeast striking
11neaments intersect the fault scarp ‘that deﬁnes the western edge of the salient; the northermost
intersection is in close proxrmrty to the thermal spnngs One of the most promment northwest striking
lineaments on the salient is the elongate complex graben in T 7N;R1 W., Section 18.-

' Based on the 11m1ted geologxc mformatlon presently avarlable the drsplacement on most of the
internal structures does not appear to ‘be large The. complex structures in the vicinity of the pole
patch may be fractures that developed as the salient was faulted downward or the or1g1na1 structures
may pre-date Basin and Range faulting. The Class II lineaments that mtersect the structure boundmg

the western end ‘of the salient may extend northeastward. across the entire salient but the actual

vertical displacement across these:faults is not large. -
| _:Subsurface Data
oo oo Holes of Opportunity -

‘ Very few holes have been dnlled 1n the vrcmlty of Utah Hot Sprmgs A number of shallow water
wells have been drilled about one m11e to the north and south and a uramum ‘exploration hole was
dnlled in the vxcnuty of the sprmgs The s1te of the exploration hole has not been found but reports ,
by residents of the area mdlcate the hole was very close to the springs. The hole was only drllled toa
depth of approxunately 30 m (100 feet), and probably encountered the same problems encountered
by UGMS in UT/GH-B o

Gradient Hole UT/GHB

:*:Only ‘one of  three thermal gradient holes planned for Utah Hot ‘Springs‘ ‘was-actually drilled;
and this~hole,' referred: to as‘UT/GH-B, was only advanced to 30.5-m (100 feet). The material in the
hole would ‘not ‘stay open without casing, which was driven as drilling proceeded. At adepthof 22 m
(72 feet) a small volume of artesian flow was noted, but additional casing could still be welded to t_hat
already in the ground. In the 27 to 30 m (90 to 100 feet) interval artesian flow increased to 60 gpm
- and:iprecluded ‘the -weldlng of additionalb_asing. The flow from the hole was controlled by grouting.

As indlcated in the hthology log for UT/GH~B (Appendxx ‘A), the hole encountered a series of
* sandy clays, and sand and gravels The overlymg sandy clay confines the water in the sand and gravel
‘and creates the artesian conditions ‘encountered in UT/GH-B. An unquantified volume of thermal



water is being transported away from the springs in the sand and gravel aq'uifer.r The water flowing

from UT/GH-B was 59°C and had a conductivity of 4.05 x 104 umohs/cm at 25°C.

At a depth of approximately 21 m (70 feet) preces of saturated wood were blown from the hole. ‘
Samples of the wood (Lab. No. W-437 5) were sent to the USGS Radlo Carbon Lab in Reston Vlrgrma ‘

for carbon 14 datlng and a date of 27,100 + 600 years B.P. has been obtamed

As might be expected, gradient in UT/GH—B (figure 6) is a simple curve of increasing temperature o

The maximum temperature approximates the temperature of the fluid in the aqulfer The hole yleld-

ed no information on thermal conditions below a depth of 100 feet

CRYSTAL (MADSEN) HOT SPRINGS
_ Description and water chemistry

Crystal (Madsen) Hot Springs, (B-11-2)29da, is 2 km (1.3 miles) north of Honeyville immediately
west of State Route 69. The springs issue from the base of a small salient (figure 7) that at first glance
resembles a very large alluvial fan developed by erosion of material from Wellsville Mountain to the
east. Although there are a number of warm springs and seeps in the area, the original main spring
orifice is no longer visible. Over 50 years ago the main orifice was boxed and covered. The hot (54°C)
and very saline (> 45,000 mg/l, TDS) water of the thermal spring now discharge near the north-
Westem corner and along the western edge of the pool. A reiatively cool, fresh spring (20°C)’a1so
issues from alluvial fill only 20 feet north of the hot spring. The resort operators mix the cool and
warm waters to produce the desired water temperature, then pump this mixture into the swimming

pool. Two thousand feet south of the main spring a series of warm springs and seeps are present in a

small branch of Salt Creek, (C-11-2) 32ab. The flow from the seeps is small, and during the winter of

1978-79 the water in this depression was frozen over.

The total flow from all of the springs and seeps at Crystal Hot Springs drains southwest via Salt

Creek and was estimated by Milligan, et. al. (1966) to be approximately 9.0 feet3 /second. Mundorff -
(1970) indicates an estimated discharge of 3.75 feet3/second for the hot spring alone. Salt:Creek is'a .

tributary of the Bear River.

The total dissolved solids content of the thermal waters at Crystal (Madsen) Hot Springs is the .-

highest of any spring in Utah. For comparison, Wasatch Front thermal springs and their respective
TDS values are listed in table 3. Over 90% of the total d1ssolved solrds are Na and Cl ions table 1).
Milligan, et. al. (1966) estimated that the Crystal Spnng system produces 450 tons of salt per day

€
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In addition to the high TDS of the spring water, O’Connell and Kaufmann (1976) have found

that Crystal (Madsen) Hot Springs contains elevated levels of radioactive material. Ra and U values

for Wasatch Front Springs as taken from O’Connell and Kaufmann (1976) and Felmlee and Cadigan

(1978) are presented in table 2. Felmelee and Cadigan (1978) concluded that a minimum of 5,200
metric tons of uranium may be present along the flow path of the thermal waters, and that the urani-

um may be present in vein and fractures related deposits of economic interest.

Geology’

The Wasatch Mountains east of Crystal (Madsen) Hot Springs are the western flank of the Cache
-Valley syncline, and are referred to as Wellsville Mountain. Wellsville Mountain is chiefly composed of

faulted Paleozoic sedimentary rocks that dip northeastward 20 to 60 degrees. The Paleozoics are
generally carbonates, but contain some quartzites and ‘shales. The displacement across northeast
trending fractures within the range is generally small, but the fractures dissect the range into a large

numbér of small fault blocks. The range is bound on both the eést and west by basin and rangé,

normal faults.

The bedrock of the Madsen salient is mantled by alluvium, and to date the only knOWn bedrock
exposures are found at the western edge of the salient, east and southeast of the springs (figuré 8). The
exposed rocks are primarily bluish gray, Paleozoic limestones that strike approximately N 40°W and
dip 60 to 85°E. Near the base of the salient, just east of State Highway 69, a few limited exposures

of limestone strike approximately N 43°W and dip from 32 to 37° NE. A small exposure of reddish,
fine-grained sandstone is present southeast of the springs near the Hammond East Branch canal.
Scattered across the western edge of the salient are remnants of a previously more extensive Tertiary
(?) conglomerate that unconformably overlies the Paleozoic limestones. Quaternary and Recent
alluvium that covers much of the salient varies in thickness from less than a meter to several tens of
meters. The thickness is greatest where the salient and the Wasatch Range meetﬁy,'and along the north
and west edges of the salient. On the north edge the salient, just northeast of the springs, a landslide

exposes a scarp of alluvium approximately 30 m (100 feet) thick (figure 8).

Within the alluvium and exposed in the Salt Creek drainage is a 20 cm (7 inch) thick _layer of
-tufa. This thermal spring deposit is brown in color and has a ﬁbery, vuggy texture. The tufa appeérs
“to be laterally e){tenéjive and may have been encountered in C(M)/GH-A (Appendix A) at a depth

of 6.7m (22 feet).
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Structure

The Crystal (Madsen) Hot Sprmgs issue at the western base of the Madsen spur or salient. The

sahent is small relatxve to the Pleasant View and Salt Lake sahents, but is none the less a fault block

that is mtermedlate in elevat_ron b{etweehrWebllsvﬂvle Mountain to the_east and the graben flow to the

west. The prominent west facing scarps (Class I lineaments) in ﬁgure"7 are evidence for a fault near

the alluvium-bedrock contact. Further west on the salient, a series of north-south trending Class I

lineaments traverse the salient and may indicate the presence of at least one additional north trending

fault. This second fault is at least in part exposed near Tolman Springs east of Honeyville (figure 7). -

The western edge of the salient is also bound by northward striking faults. These faults are likely

to be ‘the cause of the steep gravity gradient west of the springs (figure 3). The easternmost of these

faults occurrs in the very edge of the salient and is likely to be the conduit for the thermal water that

is flowing upward from depth. Evidence for the existence of this fault includes:

1.

2).

3).

4

" ‘the transport of warm water to the near surface.

The depth to bedrock in’ C(M)/GH-A ‘Although bedrock is exposed at the surface only a

few hundred feet to the southeast of the hole, bedrock was not encountered in this hole
unit: 1 a depth of 215 ThlS sudden change in the depth to bedrock may be a result of
dlsplacement across the fault

“The apparent 'change in dip on limestone beds at the toe of the salient (figure 8) relative

‘to d1ps measured on the sahent The apparent dlfference in dxps may be the result of

drag along a normal fault w1th the down dropped block to the west

A pronounced lineament observed on areal photography in the soil of a field northwest of

_ the spring. This lineament is on strike of the proposed fault, and may indicate a northwest

. extension of the feature. ‘

The snowmelt pattem observed at the hot spring during the winter of 1978-79. The pattern :

‘paralleled the western” edge of the salient (figure 7). A fault could act asa lmear conduit for

-~

) * k"l S

There is also evrdence of northeast trendlng fractures on the sallent On the northern flank of the 7,

salient a series of en echelon faults appear to strike northeastward, away from the springs the most

prominent scarp in the series is the one €éxposed by a landslide (figure 8). The other scarps are plainly

visible on aerial photography, and dip to the northwest.
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Gradient Hole C(M)/GH-A

kGradient hqle C(M)/GH-A encountered 65.5 m (215 ft.) of unconsolidated material over the
bedrock surface (Appendix A). The first 55 m (18 ft.) was fill material placed in a small drainage
‘by a former owner of the hot springs. Beneath the fill was approximately 1 meter of fluvial sand
and gravels. Once through the gravels drilling became difficult and a white calcareous powder was
blown from the hole over an interval of approximately 0.5 m (2 ft.). A series of sands and gravels
were encountered from 7.3 to 65.5 m (24 to 215 ft.) with the water table present dat approximately

9 m (30 ft.). At a depth of 65.5 m (215 ft.) a fractured calcareous sandstone, reddish in color and -

‘similar to the sandstone observed on the salient, was encountered. From 69.5 m (228 ft.) to a total
_ depth of 85.3 m (280 ft.) the hole penetrated fractured limestone and sandstone.

 Temperature measurements taken in C(M)/GH-A are présented in figure 6. An obstruction block-
ing the one-inch diameter pipe of the gradient hole required that the gradient be taken in an obsefva-
tion hole placed in the same hole. The temperatures in the hole do ﬁot appear to be in equilibrium
as in several intervals, minor reversals occur. The pumping of excessive volumes of water from the
subsurface may have altered the temperatures significantly and additional time will be necessary for

the hole to equilibriate.

The gradient, as presented in figure 6, indicates the hole is under the direct influence ©f hot
water in the subsurface. Temperatures are greatly elevated over temperatures that might be expected
at a location not under the inﬂuence‘ of thermal waters. Temperature réversals on the curve may
‘indicate the portions of the aquifer having relatively high permeability. The only linear interval of
the curve below 50 feet is that from 50 to 90 feet (15 to 27.4 m) and corresponds to a section of the

sand and gravel aquifer.

The Near Surface System - Crystal (Madsen)

The faults bounding the north and western edges of the Madsen salient control the movement
of thermal water from the deep system to the near surface system where the water is available at
reasonable drilling depths. The main structure along which thermal water is being transported is the
major northwest striking fault bounding the western end of the salient (figure 7). The main thermal
spring orifice is located at the intersection of the northwest trending fault zone and an element of
the northeast striking fault system that bounds the northern edge of the salient. Brecciation of the rock
at the intersection of the fault planes has improved the vertical permeability and formed a conduit

for transporting large volumes of water to the surface.

The fault intersection is not the only location at which thermal water is leaking from the north-

west trending fault. The snowmelt pattern, and minor springs and seeps of thermal water along Salt
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Creek are evidence of the seepage of water into the subsurface along a 300 m (1000 ft.) length of the

northwest striking structure. The snowmelt pattern observed in February and March of 1979 (figure 8)
was elongate in a‘nerthwest — southeast direction. The area devoid of snow began abruptly in the
vieinity;of the main thermal spring orifice and extended southward along the western edge of the
salient. The western edge of the snow melt p"attem was observed to migrate westward through the
month of March, ‘but never extended past Salt Creek. Outside the area of snowmelt, approximately 15
cm (6 m) of snow covered the fields. The warm springs and seeps along the eastern edge of Salt Creek
occur at the intersection of the water table and the ground surface. Figure 9 is a generalized cross-

section illustrating the geologic and hyd;ologic relationships at Crystal (Madsen) Hot Suﬁngs.

A very generalized cross-section depictlng the conditions believed to be present in the subsurface
south of the main spring is presented in figure 9. Thermal water moving upward along the fault
leaks into the sands and ‘gravel's: beneath the tufa. This sand and gravel aquifer. is' unconfined and a
water table su_rface exists a few feet below the tufa. Where the surface drainege (Salt Cteek) has remov-
ed the more recent alluvium and intercepts the water table, springs issue along the creek banks and
creek bottom. In the subsurface, thermal water flows westward beneath the rallroad tracks in the sand

and gravel aquifer.

UDY HOT SPRINGS
) 'Description and Water Chemistry

-

Udy Hot Sprmgs (B-13-3) 23- S issues to the surface one mlle southwest of Plymouth on the

flood plane of the Malad River. The spnngs cons1st of a number of orifices that form a roughly semi-
circular pattern on the western ﬂank of the nver bottom (fngure 10) A large lake contammg several

spring orifices is the most conspxcuous feature of the springs, but a series of smaller orifices given
~names such as “Indian Pool”, “Morning Glory Hole”, and “Mud Pots” are present south of the large
~ lake. ' Water from all of the orifices drains directly into the Malad River.

-The springs are no longer referred to as Udy (misspelled '_on USGS Plymouth 7.5 minute quad-
brangle, and in Mundorff (1970), as Uddy) Hot Springs. The present owners of the hot springs and
surrounding ‘property are developing the area as a resort under the name Belmont Springs Park. The

thermal water is used to heat a swimming pool and the resort clubhouse.

. In recent years development has extensively modified the natural land surface. Fill material has
been extensively used to develop a golf course on the western slope of the river channel and as a result,
the spring orifices have been modified slightly. A limestone outcrop reported at one spring orifice by
Milligan et.al. (1966) and Mundorff (1970) has been buried. Rough concrete aprons have been poured
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arbund a number of ponds in an effort to stabilize the pond banks. Modification of the M_Lalad River

channel has made a pond of one channel segment containing a spring orifice, and at the same time
exposed a tufa deposit that now forms a riffle in the Malad River. Tufa can also be seen lining several-

of the smaller ponds including the Morning Glory Hole.

~ When compared with other thermal springs of the northern Wasatch Front, the quality of the
- ~thermal water is moderately good (table 3). With a TDS content of over 8000 mg/1 the water is

considered -brackish, and almost 90% of the total dissolved solids are Na and Cl ions. Milligan, et.al.
“(1966) used an estimated flow of 3cfs to arrive at spring yield estimated at 60 tons of salt per day.
* - As will be discussed later, the spring water may actually be diluted substantially just before reaching

- the surface and thermal fluids of greater TDS may exist just below the surface.
Geologic and Structural Setting

The Udy Hot Spring system is situated between the Wasatch Range on the east, and West Hills
Range to the west. The two ranges, vastly different in terms of geology and structure, are separated
by Basin and Range structures beneath the Malad River Valley. Although the geologic and structural
relationship of the region surrounding Udy Hot Springs is not fully understood, the following is a brief

description of the geology and structure as presently known.
The West Hills -

Bues (1963) recognized both Upper Pennsylvanian and Lower Permian sectionvs of the Upper
. Oquirrth Formation in the West Hills. The Upper Pennsylvanian rocks are a minimum of 1700 feet
“thick and consist of sandy limestone, calcareous sandstone or orthoquartzite, and a few beds of sand
free limestone. Nearly all of the Oquirrh Formation exposed in the Utah portion of the West Hills is

Lower Permian in age.

According to Bues (1963) the West Hills range is the upper plate of a Larimide thrust. The
tight folds of the range with axes striking north-south to north-northwest are similar to other Larimide
folds of the region. The north end of the range is cut diagonally in a northwest-southeast direction by
a pre-Basin and Range structure referred to as the North Canyon Fault. Exposed on the northwest

upthrown block of this normal fault is the lower plate of the Larimide thrust. .

The West Hills range appears to be cut by a series of east-west structures. Bues (1963) reported A
two east-west trending structures that form a graben at the northern most end Qf t‘he”ran'gve in Idaho

butAdid not report any such structures further south. Areal photography and satellite imagery, how-

.
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ever, show two distinctive east-west trends in the southern part of the range (figure 11). Gravity
(Peterson, 1974) data tends to support the eastward extension of the southern most structure into the
vicinity of the thermal spring and into'the -valley graben complex.

Although Bues (1963) describes faults bqunding the West Hills range, the best evi_dence for the

fange beihg bound by north-south striking Basin and Range normal faults is the gravity data presented

in figure 3.  There is no doubt that normal faults are present between the ranges and gfabens, but »

there is some uncertainty as to the bounding fault locations where the relief on the gravity surface is
slight (figure 3).

The Wasatch Range

The geology of the Wasatch Range east of Udy Hot Springs is complex, and can be divided into
three distinctive segments. From north to south, these segments are: 1) Clarkston Mountairi, 2) the

Junction Hills, and 3) Wellsville Mountain. The relationship of Clarkston and Wellsville Mountains to
the Junction Hills, and the nature and age of fault separating these segments has been the subject of
lengthy discussion by Williams (1948), and is briefly mentioned by Hanson (1949). The details of the
discussion are beyond the scope of this report, but insomuch as certain structural trends observed in
the Wasatch appear to be of importance at Udy Hot Springs a brief summary of geology and structure

of these segments is presented below.

Hanson (1949) describes the internal structure of Clarkston Mountain as a homo;line having an
average strike of N30°W and an average dip of 30°NE. The range, composed of Cambrian and Or-
dovician age rocks, is traversed by numerous faults that cut the mountain into many blocks varying
greatly in strike and dip. The range is bound on both the east and west by normal Basin and Range
type faulting that give the range its present relief as a horst between the grabens of the Wasatch Front
and the Cache Valley. At the south terminus,rthe range is separated from the Junction Hills by a fault

referred to by Hanson as the Junction Hills fault.

Wellsville Mountain is described by Williams (1948) as a homocline striking N30°W and dipping
30°NE. The internal structure is essentially the same as that of Clarkston Mountain, howéver, the
rocks exposed in the range are Cambrian to Mississippian in age and are less intensely fractgjied than
those of the Clarkston range. Basin and Range age normal faults bound Wellsville Mountain on the east

and west. Although evidence for east-west normal faulting at the north end of Wellsville Mountain is

not conclusive, Williams (1948) indicates a fault in this area.
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The Junction Hills, cresting 3,000 feet below the ranges to the north and south, consists of north-
westward dipping Paleozoic rocks mantled by a variable thickness of Tertiary sediments. The Paleozoic
rocks are exposed in only very limited areas, but W1111ams (1948) mdlcates that the rocks become

progressrvely older from north to south and descnbes the bas1c structure of the Junction Hills as a

northwest dipping homocline. In addition to the topographrc rehef between the Junction Hills and the

boarding ranges, extreme stratlgraphrc relief is also mdrcated erhams (1948) reports that there is -

7 ,000 or 8 ,000 feet of stratlgraphlc separatron between formations in the J unctron Hills and the Wells-

ville Range Hanson mdxcates a minimum of 10,000 feet of stratigraphxc separatron between the Hills - -

and Clarkston Mountam Although faults have been mapped at both the north and south ends of the
Junction Hllls, 1t is highly unlikely that 8,000 to 10,000 feet of throw exist across these faults, and
Williams (1948) proposes S models in an effort to explain the structural relationships of the area.

Normal faults bounding the eastern and western edges of the Junction Hills are Basin and Range

_structures, and maybe southern extensions of- Plymouth and Clarkston faults’ boundmg Clarkston'

Mountain (Hanson 1948)

The Malad River Valley Graben System

- Between the West Hills and the Wasatch Range is a complex graben system buried beneath the

valley alluvium. The gravity contours in figure 3 give some indication of the nature of the graben in-

cluding the location of bounding faults and an estirnate of alluvium thickness. As described earlier,

Udy Hot Springs is located over a gravity high. To the north of the hot springs and west of Clarkston
Mountain is a narrow but relatively deep closed graben. Using an alluvium-bedrock density contrast of

0.5 gm/cc, Peterson (1974) estimated the maximum thickness of alluvium in the graben to be 1500
" feet. Using Peterson’s (1974) gravity data, Bjurklund and McGreevy (1974) located a number of

bounding faults (figure 11) including those bounding the narrow graben. South of the hot springs and

west of the Junction Hills a narrow, relatively shallow graben opens southward into the main graben: ‘

south of Tremonton and west of Willard and Ogden S

Surficial Geology

“Apart from the description of the West Hill present above, there is little in terms of geology in
the immediate vicinity of the hot springs that is informative on conditions existing in the subsurface.
Surficial deposits in the vicinity of the spring are Quaternary ‘Lake Bonneville deposits consisting of
- lakeshore, fan and delta depos1ts and 1nterbedded alluvium and colluvium (Bjorklund and McGreevy,
1974). A series of three depressron in the surf1c1al materials (figure 10) form a northeast striking
lineament parallel to the lineament observed in ‘the canyon in the West Hills southwest of the springs
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(figure 11). The origin of the depressions is unknown, but none are known to exist south of the '

lineament. One depression is present north of the lineament.

~ Very few bedrock outcrops have been reported in the vicinity of the springs. Mundorff (1970)
reported the presence of a limestone_out(;rop on the western bank of the Malad River, thermal springs‘
issued at the base of the outcrop. The outcrop is no longer visible as modification of the land surface
has buried any outcrop that may be present. TWo and one-half miles southweéf of the springs, (B-
l2-12)ddc, at the iﬂtefsection of two drainagés is an outcrop of the Tertiary Salt Lake formation con-
sisting of volcanic tuff. Due wesf of this outcrop, 1s a small ou'tcrop of the Oquirrh formatioh (Bjork-
lund and McGreevy, 1974). A ‘ '

Shallow'Ground Temperature Survey

In August of 1978 a shallow ground temperature survey. was undertaken at Udy Hot Springs.
A series of 40 holes, 1.4 meters deep, were augered in the vicinity of the springs, a length of pvc pipe
was inserted into the hole and the annulus between the pipe and the hole was back filled. After suffi-
cient time had passed for the augering induced temperature affects to dissipate the temperature in the

bottom of each hole was measured.

The results of the temperature survey were quite surprising as the measured temperates varied

from a maximum of 32.6°C to a minimum of 16.9°C. The minimum temperatures were recorded east of

the Malad river where the average tempeérature was 17.4°C with a standard deviation of 0.4. The average

temperature west of the river was 21.8°C having a standard deviation of 3.64. Three temperatures of
30°C or greater were measured, and these temperatures were recorded only a few feet from a major

spring orifice.

Ground temperatures in the vicinity of the springs may be considered slightly elevated if meas-

urements east of the river are considered to be normal for late summer ground temperatures. However, -

the 4.4°C difference between average temperatures on opposite sides of the river is not considered
large. Since minor differences in ground temperatures can be induced by many factors (Olmsted,
1977), no attempt has been made to correlate minor temperature variations with possible structures
at depth such as done at Crystal Hot Springs in Salt Lake County, Utah by Murphy and Gwynn,
(1979).

There are three factors that may be contributing to the relatively minor variations in ground

temperatures in the vicinity of the springs.

1) Considerable thicknesses of clay were encountered in the two gradient holes drilled to the



Table 4. Temperature and conductivity measurements, at the Mommg Glory Hole and UDY/GH A
Udy Hot Springs, Box Elder County, Utah.

Morning Glory Hole : ) UDY/GH-A
Date © Temp. - Conductivity Date - Temp. Conductivity
' °cC pmohs/cm @ 25°C °C umohs/cm@25°C
: : _ ' : 1/22/79 18.8 -
1/23/79 ‘49.5 T 1.44x 10* 1/23/79 190 - 9.5x 10?
' - - - 3/5/79 204 5.5x 102
6/8/79 27 8.6 x 103

[ X3

N O

Table 5 Water chemistry from Udy/GH -A &Udy/GH-B & the Morning Glory Hole at Udv Hot Springs in Box Elder County, Utah. {Samples were not preserved according to procedure outlined by USGS
and should be used for general comparison. -

Owner or Depth ' Dateof. - Refer , Si0g Fe Ca Mg Na K HCOy SO4 Ci Noj F TDS Cond. pH
Name | ** Collection ence : ‘ DR ma/l — : mmho -
Wendeti Surface 3-9-78 UGMS 25.0 0.05 2200 . 73.0 2,800 ‘140 362 102 5,025 . 0.15 1.20 9,080 . 13,060 8.3
Welling ) . . - . .
ubDYv/ 130 1-26-79 uGeMs 71 < 35 7 170 29 358 38 108 0.10 . 150 o802 . 970 8.1
GH-A ' . . )
[¥1s) 43 130° 3-06-79 UGMSv 75 L. 200 73 725 78 338 49 ‘ 1,480 - - 2,950 ) 4,850 7.6
GH-A SH : . v
uDY/ 130 T 71079 UGMS = - 220 73 1,590 120 - 63 2,825 - 100 - 5320 .. 9,120 -
GH-A ' . : . i : .
voy/ 280 - 30679 ‘UGMS 25 - 200 v .61 2,707 134 - 140 4,200 - . 7.080 _

GH-B
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nqrth and west of the springs. Clay has a low thermal conductivity and inhibits the conduc-

tive flow of heat from below.

2) The conduits that transport the thermal fluids from depth to the surface myay be well estab-

lished and little if any hot water escapes into surrounding near surface aquifers.

3) The permeable near surface artesian aquifer encountered in UDY/GH-A influences the

observed ground temperatures by

a) transporting relatively cool water into the vicinity of the spring thus masking the

conductive temperature affects produced by warmer water at depth, and

b) preventing thermal waters from flowing laterally away from the spring. .

Gradient Holes

Two thermal gradient holes were drilled by UGMS at Udy Hot Springs during the winter of
1978-79. A third hole originally planned for the area was not drilled due to adverse weather conditions
and problems encountered during the drilling of UDY/GH-A and UDY/GH-B. Both holes provided

valuable subsurface geologic and hydrologic data.

The first hole drilled, referred to as UDY/GH-A, was spuded near the entrance to the resort,
approximately 500 feet north of the large lake associated with the hot springs (figure 10). After
penetrating 40 feet of clay, 50 feet of fine sand, and an additional 30 feet of clay, the hole encounter-

ed saturated sand and gravel at a depth of 120 feet. While an additional 10 foot joint of drill steel was
added to the drill stem, a small artesian flow was observed at the collar of the hole. When the hole was
advanced to 130 feet a flow of over 200 gpm issued from the hole. Initial measurements indicated that
the water temperature was 18.6°C and had a conductivity of 9.5 x 102 pmoh/cm @ 25°C. After one
Week, the owners of the spring noticed an increase in salt content and temperature. A summary of
temperature and conductivity measurements taken since the hole began to flow is presented in table 4
results of water analyses on samples from UDY/GH-A are presented in table 5. The water in the hole

6 weeks after the flow began is in many respects similar to the thermal spring water.

-

To date, the hole continues to flow and the water is used by the owners of the Belmoiélt Springs
Resort. The owners have lowered a small diameter pipe to the bottom of the hole and repg‘i'ted that
the water that flowed from the pipe was less saline and lower in temperature than the total flow. An
ihterpretation of the hydrologic conditions at Udy based on the above observations is presented later

in this report.
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The second hole at Udy Hot Springs, UDY/GH-B was sited west of the hot spnngs 80 feet above
the river bottom (figure 10) The site was moved to this posrtion to avord the problems associated with
artesian flow encountered when drlllmg UDY/GH-A ) ‘

Hole UDY/GH—B encountered 30.5 m (100 feet) of clay before drilling through al 5 m (4 feet)
. thickness of. sand that contained 23.3°C water. The sand may be the equivalent of the 15 m (50 feet)
thickness of sand in UDY/GH-A. Below (105 feet) the hole was trght and water had to be pumped
into the hole in order to keep the clay returning to the surface Below (215 feet) the proportion of
course elastlc mater1a1 mcreased and altered tuff was mixed wrth the clays in.the bottom (25 feet)
of the hole

'l‘he temperature log for UDY/GH-B ‘(figure 6) is somewhat -jrregular but a straight line fit
' through the curve yields a gradient of 330°C/km. A gradient of this magnitude does not reflect the
normal geothermal gradient of the area, but rather isa product of moderately high temperature water
at shallow depth covered by low conductivrty clays. For example, the observed gradrent could be pro-
- duced by 50°C water at a depth of 100 m (330 feet) or 100°C water at a depth of 253 m (830 feet) .

_assuming the thermal conductivity of interviewing material remains constant.r

. vrThe near-surface hydrogeologic system

A greatly simplified model of the hydrologic system in,th.e vicinity of ’ Udy Hot Springs is pre-
“sented in figure 12. The model is an attempt to explain the time dependent variations in water chemis-
try and temperature observed in UDY/GH-A in a manner consrstent with the known geology of the

.area. The model is not a detarled geologic cross-section.

The model as- portrayed in ﬁgure 12 consists of a permeable sand and gravel aquifer of unknown
thrckness overlain’ by a relatrvely unpermeable and varrable thrckness of clay. Wrthm the clay are large
saturated sand bodres of limited areal extent that are more or less isolated within the 1mpermeable
clay. The permeable sand and graveI aquifer is regronal in nature and is beheved to be the aquifer
described by Bjorklund and McGreevy (1974) for the Central Plains reglon of the lower Bear Rrver
Ground water in this aquifer flows into the vicinity of the spring from the east ‘under the mﬂuence
of the westward slopmg potentrometnc surface defmed by Bjorkland and McGreevy (1974). Lrtho-
logic data from UDY/GH-B indicates that the prmcrple aquifer is not present or very thin to the
west of the springs, and that the aquifer may,terminate against a north-south trending structure
associated with the structures transporting the thermal water to the surface. The main sand and gravel

aquifer is a confined system, and strong artesian conditions exist in the vicinity of the springs.
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Prior to any drilling activities by UGMS the condrtron presented in ﬁgure 12 a prevailed. Water
from the principle aqurfer mrxed with the thermal waters and the resultmg water mrxture rose to the
surface through weaknesses in the clay. Although some thermal water_mlght have entered the overly-'-
ing sand wedge, the wedge was essentially sealed by the clay and the thermal water could not displace

the water already present in the sand lens.

When UDY/GH A was drrlled the hydrologic condrtrons were slrghtly altered (ﬁgure 12 b). Non
thermal water from the pnncrple aquifer immediately flowed from the bottom of the hole in large
volumes At the same time, the head in the sandy body was lowered allowmg thermal water to flow in
the directron of the hole through the sand body. The increasing temperature and conductivrty of the
water flowmg from the hole is an mdrcatron that component of thermal water reachmg the hole
through the sand has increased with time. The component of thermal water mixing with the pnncrple
aqurfer water in the hole should reach a maximum that is dependent upon the permeabihty of the
‘'sand body '

One very 1mportant implication of this model is that the maximum temperature of the geother-'
mal system mrght be srgmfrcantly higher than any of the measured temperatures. Although to date
there has been no direct mdrcatron of much hrgher temperatures in the near surface if mixing 1s in--

deed'occumng, ‘higher temperatures should:be antrcrpated below the zone of mlxrng.

LITTLE MOUNTAIN—SOUTH GEOTHERMAL AREA _

" Description

_The Little Mountam geotherrnal area is about 24 km (15 mrles) west of Ogden on the eastern -
shore of the Great Salt Lake Bear Rrver Bay flows into the Great Salt Lake 1mmed1ately west of the
ea Little Mountain is a trrangular shaped exposure of Precambrran rock that strikes north-south.
Elevations are greatest at the southern end of the mountarn and decrease northward until only a few :
low lymg outcrops are vrsrble at the surface.. The mountam is surrounded by valley ﬁll that extends .
for miles in all directions. West of the mountam the valley fill is covered by solar evaporatmg ponds 7

and the Great Salt Lake. | o

The solar evaporatmg ponds (frgure 13) ‘are part of the Great Salt Lake Mineral Corporatron s
(GSLM) salt processrng plant. Burldmgs for the GSLM plant are located on the northeastern flank

- of Littlé Mountain. Other dev'eIOpments in the area include a newly»constructed American ZircOnium

plant, and a Hill ‘Air Force Base facility, both at the southern end of the mountain.
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Hydrogeology'

There are no major thermal springs at the Lrttle Mountarn geothermal srte but numerous shallow

flowmg wells and cold springs are present. Many, but not all, of these water sources are mdrcated on -
. USGS topographlc quadrangles for the area, and a number of fresh water sprmgs have been reported

wrthm the solar ponds The flowing wells and springs are ‘a result of the artesian condrtrons that
generally prevarl throughout the valley fill aquifers. Water. temperatures of the shallow ﬂowmg wells

’ (figure 13) and spnngs, measured in early November, vary from 14.5 to 20°C. In general the water
. temperatures are greatest at the north and south end of Little Mountam, and cooler drrectly east and
~ west of the mountain. Very. little well completion informatron is available on these abandoned wells,

but well depth is indicated where known.

e Apprortim'ately" 12 wells drilled by “GSLM for fresh process.water are located northeast of the

_ plant (figure 14), and range in,depth from 122 to 280 m (400 to 920 feet). A schematic summary of
GSLM well data compiled by Bolke’ and Waddell (1972) is presented m figure 15 and illustrates' the

| folloWing relatio.nships. The wells penetrate"valley fill consisting of alternating sands and clays and
. have completed in four'water 'producing zo.nes‘ t)nly oneof the holes was drilled to bedrock. In
general the temperature and TDS of the water increase with depth reaching maximums of 39°C and

e 980 mg/l respectively in the zone adjacent to the’ bedrock surface All of the holes are artesian, and the
: :j statrc water level generally“ increases with depth. Holes to the southeast of the main well field (well B,
-~ Cand D in ﬁgure 15) are not as warmfas those completed at the same depths in the main well ﬁeld '

About 4 km to the west of the main well field (figure 14) a smgle well of approxrmately 270 m

' (900 feet) in depth encountered water of approxrmately 33°C The addition: pf this well to those
;o reported by Bolke and Waddell (1972) grves an indication. of a possrble east west trendmg zone of

o Water f:hemistry

The chermstry of the warm water at Lrttle Mountam is srmrlar to the water chemistry as descrrb—

- ed by Waddell and Bolke (1972) of the valley fill aqurfer east of Little Mountain. The TDS content is

generally less than 1000 mg/l and the predommant ions are brcarbonate, sodlum and chloride. Water
8 heated by deep convectlon is usually much hrgher in TDS than the prevallrng ground water Waddell

.and Bolke (1972) suggest that the warm water observed in the holes at Little Mountain is near surface
: :'aqurfer water heated by conductive heat transfer and not by mixing with warm saline water. The salme
~ thermal water may issue along a burled fault and be forced to flow laterally by relatively impermeable

R conﬁnmg zones in the: valley fill aqurfer, remamrng separated from the aquifer above the confining

ZOI’lC
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Gradient Hole GSLM/GH-A

In an effort to determine if the thermal gradient in the vicinity of Little Mountain was greater

than normal, a thermal gradient hole (GSLM/GH-A) was drilled near the northern end of the moun-
tain. Basic data for GSLM/GH-A includes a lithologic in Appendix A and a temperature log in figure 6.

GSLM/GH-A encountered a thin veneer of lake deposits and weathered bedrock before entering

tillite. The same tillite is exposed about 30 m west of the drill site. The bedrock is highly fractured and -

at certain depths the hole had a tendency to cave. When the first hole collapsed before the one inch

pipe could be installed, a second hole was drilled apprdximateiy 10 feet to the west. The second

hole encountered similar problems but the pipe was installed. A bend in the one inch pipe at approxi-

mately 27 m (90 feet) is believed to have been caused by material collapsing back inté the hole after
the pipe had been installed but before back filling was completed. -

Because of the bend in the one inch pipe the normal logging equipment could not be used, and

logging of the hole was done with a thermocouple and a Campbell Scientific CR-5 digital recorder.
Temperatures do not increase uniformally with depth in GSLM/GH-A, and there is some question as
to whether or not the hole had reached thermal equilibrium when the temperatures were measured.
The extended period of drilling may have caused a thermal disequilibrium from which the hole had
not yet recovered. The two segments of the curve (figure 6) between 10-20 meters and 40-55 meters
define a straight line gradient of approximately 130°C/km, while temperatures below 55 m are es-

sentially isothermal.
Summary

UGMS investigations at Little Mountain have not detailed the controls on the geothermal system,
but have provided interésting results that may be useful ih future investigations. Previous investigators
have assumed the thermal water issues along a north-south striking fault bounding the eastern edge of
Little Mountain. The temperature of water flowing from area wells may indicate that the fault strikes
east-west, and that a second area of warm water may exist at the southern end of the mountain. The

gradient in C(M)/GH-A is approximately 4 times the gradient considered normal for Basin and Range,

but thg material in which the hole is drilled may be of very low thermal conductivity. Additional

gradient measurements and thermal conductivity measurements will be required before the magnitude

of heat flow can be calculated.
HEAT SOURCE FOR NORTHERN WASATCH FRONT VGEOTHERMAL SYSTEMS

The thermal waters of the Wasatch Front are warmed by deep circulation of meteoric waters in
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a region of high heat flow, In the Basin and Range Province, temperature generally increases with .
depth at a rate of approxrmately 32°C/km. Under these conditions temperatures observed at the four
thermal sites could be obtarned by circulation of water to depths of approxrmately 2.5 to 3.0 km.
Water of 100°C could be obtained by circulation to a depth of approxrmately 4 km.

The details of system recharge and fluid transport to depth for each geothermal site are not
known but a generalized model can be used. Recharge to the systems is likely to occur in the Wasatch
. Range where snowmelt infiltrates the aqurfers exposed in the range. By some presently unknown
path the water is transported downward through permeable rocks and fault zones to an intersection
with a fault zone of high vertical permeabrlrty. The fault zone is a conduit through which the thermal

water is transported rapidly to the surface, thus maintaining much of the heat transferred from the
rock. Depth of decent rate of ascent, and degree of mrxrng with non-thermal water are the main fac-

tors 1nfluenc1ng the temperature of the fluids observed,

Range front faults appear to be 1mportant condults for thermal waters and a number of springs -

are located near the oblique mtersectrons of range front faults with other fractures Gravrty surveys
at Utah Hot Spnngs Crystal (Madsen) Hot Sprmgs and Udy Hot Springs may provide a srgnlﬁcant
contrrbutlon toward understandmg the structural controls of Wasatch Front thermal springs. Detail-
ed water sampling programs in these areas will help in determining recharge area.

CONTINUING RESEARCH

As thls report of mvestlgatron was bemg prepared addrtlonal research was in progress at a num-
ber of srtes drscussed above. Detailed gravity surveys are. bemg conducted in the vrcrmty of Crystal
(Madsen) and Udy Hot Sprmgs At Utah Hot Springs both a detail gravity survey and a detailed aero-
magnetic survey will be conducted. Results of these surveys will be available in early 1980, however,

reports containing thoughtful 'interpretations of the data may not be available until much later in

1980.
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APPENDIX A
WELL - AND SPRING - NUMBERING SYSTEM

BV

. THERMAL GRADIENT HOLE LITHOLOGIC LOGS

 ABBREVIATIONS
WT = WATER TEMPERATURE - -

C = CONDUCTIVITY IN ymohs/cm@25°C . . -

____________
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Spring-numbering System

The spring-numbering system used in this report
is shown in figure 1 and is based on the U. S.
Bureau of Land Management’s system of land sub-
division. The spring number indicates the location of

the spring by quadrant, township, range, section, and-

position (if known) within the section. Four quad-
rants are formed by the intersection of the Salt Lake
Base Line and the Salt Lake Meridian. The capital
letter at the beginning of the location code indicates
~the quadrant in which the spring is located--A the
northeast quadrant, B the northwest, C the southwest
and D the southeast. Numbers designating the town-
ship and range, respectively, follow the quadrant
letter, and the three are enclosed in parentheses. The
number after the parentheses designates the section;
the lowercase letters, if shown, indicate the location
of the spring within the secction. The first letter
denotes the quarter section (usually 160 acres), the
second the quarter-quarter section (40 acres), and the
third the quarter-quarter-quarter section (10 acres).
The letters are assigned within the section in a
counterclockwise direction beginning with “a” in the
northeast quarter of the section. Letters are assigned
within each quarter section and each quarter-quarter
section in the same manner. The capital letter “S”
completes the designation of a spring. When two or
more springs are within the smallest subdivision,
consecutive numbers beginning with 1 are added after
the letter “S.” For example, (D-3-4)27¢bd-S| indi-

. e ——-—|
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I A L
i ———
SAL I % BASL LN |
N$alt Lake City
| Z 7.3 8., R. 4 S.
I ‘ !
Y |
| y
I ¢ E 0 I
N i
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cates a spring in the southeast quarter of the north-
west quarter of the southwest quarter of sec. 27, T. 3
S., R. 4 E,, and shows that this is the first spring
recorded in the quarter-quarter-quarter section. The
capital letter D indicates that the -township is south
of the Salt Lake Base Line and that the range is cast
of the Salt Lake Meridian. '

r
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L o ) Page |
Temperature Gradient Hole Log |

Hole: ' ‘UT/GH--B- . i ! Location (B - 7-.2)14 ddc

__Surface Elevation: 4gsbt - Comp. Date -_12- 21-78  T.D._100

2 comments
Road base

Browmsh _gre_'e’n. clay mth s a.nd a.nd ‘fine gravel

ce Py e I
B R

Greenish clay with sand and tf;inbrr ,}fine gravel

Gr ay ,sai;d& ciay |

WT = 30°C, Quartzite boulder (? ), no returns,
_ drilling difficult

BRI A

Gray sandy cla.y

!

) Sand and gravel in varying proportions in gray clay

2 (clay decreases with depth) '

£ f°c (volume increases with depth), =2.20
, wood at 70! :

§ : " Hole flows 11 gpm @ 51 5°C

K3 ' Sand and gravel with minor clay.. Gravel is well

rounded quartzite, occasional lense of green clay

Quartzite boulder

‘ ;‘-':‘ 2. Gravel and sand in. yelllow clay
100 ; Total depth »

10 el
| After reaching 100' hole began to ﬂow 60 gpm
at 59°C, C = 4,05x10% =~ |
120 £ |
4] Spring  WT = 60°C,

LR 10 feet =3.048 meters
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: : Page 1 ‘
Temperature Gradient Hole :l.og

Hole_ C(M)/GH - A . Location_ (B -11-2)29dda

——

Surface Elevation_4300' Comp, Date_3-13-79 _ T.D._280'

i COmmems

Fill material containing li.mestone gravel and
" boulders in sandy tan clay - :

Fine well rounded tan gravel in sand

Tan to orange clay -
1 “Tufa. (?)
Free moisture (water table) at 30 feet

Gray clay
WT = 37.4°C

]

WT = 42.2°C

in feet

WT = 46,2°C

‘Sand and gravel with minor clay (color changes at
various depths)

Tan clay

Depth

WT = 51.7°C

Orange clay

Drilling rate slows, color change to red '

WT = 54,8°C, Sand and gravel cemented to various
degrees

10 feet =3.048 meteré
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250

Depth in feet :

260

_ - Page 2
Temperature Gradient Hole Log
Hole _C(M)/GH - A (continued)

220
230

240

Lot
o
HHHEHH

Total depth

WT = 52.3°C -

Sand and gravel cemented to varioué‘ degrees

......

WT = 54, 9OC
WT = b5, ZOC;; S AR
WT = 560 ZOC )

WT = 56,5°C

Sand and gravel with occasional one foot seams of clay

Casing ends
WT = 57, 50C
Sandstone (red to light purple)

WT = 57.0°C,

Fractured limestone and sandétone »(c‘lr illing rate
‘va‘ri._‘a,'ble‘)__: T v ,

L

Bottom 10 feet collapsed béforie I pipe installed :

. :««’Hole";’p;r’od’uced;‘60f-125 gpm during drilling
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Temperature Gradient Hole Log . '

Hole UDY/GH- A " Location (B - 13 - 3) 23 baa

Surface Elevation__4320' Comp. Date__1-21-79  T.D._130

Stiff tan clay with minor gr avel

Boundary uncertain

Stiff gray clay

Fine frﬁy sand containmg Pelecypod and Gastropod
she

in feet

Depth

Stiff gray clay containing Pelecypod and Gastropod
she

Clean sand and gravel

Total depth

. Hole began to ﬂovE at greater than 200 gpm at -
‘ 18.6°C, C=9.5x10%, Temperature and conduct-
140 . increased with tu’ne that flow continued.

10 feet =3.048 meters|
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Temperature Gradient Hole Log '

Hole UDY/GH - B " Location (B - 13 - 3) 23 bbd

Surface Elevation_4400' _ Comp. Date_2-22-79  T.D._270'

— e o —
C e — s o]
e e v v e
I

10 “E:::::::::—f Moist tan clay

I
s — e — e o

whapuigiiapubugei
2o g Dryten clay
30 -':::::::::E Damp tan clay (water increasing with,,d'eptrh)

—— v e ]
N
b o — e s e

40

Boundary uncertain

50

Fo e
MRS PR

60 ]
] Sandy

I

g;';ay clay

iy

in: feet

Depth

80
S0

100. A SR | e
WT = 23,3°C, Fine sand with minor clay, zone is
... producing water . o

Mo TLog éncountered (wood in returns) .

120 Sandy gray clay

130

i40 ' o
R . 10 fest =3.048 meters!
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Depth in feet

140

290

150
160
170

180

250 -

, Page 2
Temperature Gradient Hole Log .
Hole _ UDY/GH- B ___lcontinued)
P ~ Comments -

260 -+

e v o o

270

280 -

Sandy gray clay

Stiff clay (no returns)

Medium to coarse sand with minor fine gravel and clay

Moist clay with minor gravel, gravel and water content
decreasing with depth

Fine to very fine sand with minor clay

>; WT = 17°C, Altered tuff in sand

WT = 22°C, Stiff clay with fragments of altered tuff

WT = 28°C, Total Depth, casing ends
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Hole

Page |
Temperature Gradient Hole Log

GSLM/GH < A - Location__(B-6-3) 6 cab

Surface Elevation_4220'  Comp. Date__5-10-79  T.D. 280

in feet

'Deptr;

60

70

80

90 ¥

100

10

120

130

Comments

Tan sandy clay

Saturated sandy black clay

Weathered shale fra»gm_e_;l_ts,iril ClaY‘ :

Boulders

WT = 16.5°C, C = 9, 75%103

Tillite bedrock

. Portions of hole cave 80-100' particularly
“difficult to deep open. Drelling required
800-1000 1bs down pressure to maintain rates
between 40 and 90 minutes per 10 feet.

WT = 17. 2°C

10 feet =3.048 merers
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Depth in feet

250

Tem’peroturé, ‘Gradient Hole Log
Hole__ GSLM/GH - A (continued)

Comments

140 S
WT = 16.5°C
150
160
I70
WT = 16.2°C
180
190
200 S8 Tillite
210
220 WT = 16.9°C
230

Noticed increased clay content 230-240

240

260

270

£
343 C = 1. 5x10%

280 1 Total depth

290

Page 2
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