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ABSTRACT 

The Utah Geological  and Mineral Survey (UGMS) has  been r e sea rch ing  t h e  
0 

low-temperature geothermal r e source  p o t e n t i a l  i n  Utah as  per U.S. Department 

of Energy (DOE)  Cont rac t  OE-ASC17-77ET28393. T h i s  r e p o r t ,  p a r t  of an area-wide 

geothermal r e sea rch  program along ' t h e  Wasatch F r o n t ,  concerns t h e  s t u d y  

conducted i n  t h e  lower Bear River  dra inage  and no r the rn  Eas t  Shore 
0 

grouna-water a r e a s  i n  Box Elder  County, Utah. The primary purpose o f  t h e  stuay 

i s  t o  i d e n t i f y  new a r e a s  o f  geothermal resisurce p o t e n t i a l .  

known low-temperature geothermal areas i n  t h i s  p a r t  o f  Box Elde r  County. 

Geotherrnal reconnaissance techniques  u.jed i n  the  s t u d y  i n c l u d e  a 

There are seven 
0 

t empera ture  s u r v e y ,  chemical a n a l y s i s  of  w l i l l  and s p r i n g  waters ,  and 

temperature-depth measurements i n  accessib.le wells. The geothermal 
0 

reconnaissance  techniques  i d e n t i f i e d  three areas which need f u r t h e r  e v a l u a t i o n  

o f  the i r  low-temperature geothermal resource  p o t e n t i a l .  

t h e  a r e a  surrounding Li t t le  Mountain, area 2 i s  west and southwest o f  

Plymouth, and area 3 is  west and sou th  o f  the C u t l e r  Dam. 

Area 1 is l o c a t e d  i n  
8 

Area 1 is i d e n t i f i e d  by geochemical techniques.  Common i o n  concen t r a t ions  
0 

i n a i c a t e  t h a t  t h e  water i s  ei ther  Na-Ca C 1  o r  Na C 1  i n  character, thereby 

similar t o  a n a l y s i s  o f  known thermal areas sampled. 

show t h a t  concen t r a t ions  o f  S r ,  L i ,  and b are comparable w i t h  thermal s p r i n g s  

i n  t h e  s t u d y  area and are g e n e r a l l y  much h.i.yher t han  i n  t h e  non-thermal 

samples.  

thermal samples. 

non-thermal samples and Li t t le  Mountain and S t ink ing  thermal s p r i n g s  samples,  

a l l  w i th in  area 1. 

Trace element ana lyses  

8 

The r a t i o  of Ca/HCOj f o r  water i n  area 1 is  similar t o  r a t i o s  f o r  

Chemical geothermometry i n d i c a t e s  similarities between 
8 

Areas 2 and 3 are i d e n t i f i e d  by temperature-crepth logging .  No anomalous 
Q .  

chemical concen t r a t ions  are found i n  t h e  samples analyzed from wells. 

these areas have temperature-depth p r o f i l e s  w i t h  extremeiy high c a l c u l a t e d  

g r a d i e n t s .  

Both of 

In  a d d i t i o n ,  bottom-hole temperatures  a r e  g r e a t e r  than 20°C. 
@ 

1 
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I ~ v T ~ ~ O D U C : T I O N  

The Utah Geological  and Mineral Survey (UGMS) has been doing research t o  

i n c r e a s e  t h e  use of  low-temperature geothermal r e sources  i n  Utah a s  per  U.S. 

Department of Eneryy (DOE) Cont rac t  DE-AXI7-77ET28393. P r i o r  t o  t h i s  s t u d y ,  

UGMS was concen t r a t ing  e f f o r t s  on known geothermal a r e a s  a long the Wasatch 

Front  from Utah Valley no r th  t o  t h e  Iaahcl-Utah S t a t e  l i n e ,  t o  encourage 

development of known geothermal resources ,  near  major popula t ion  c e n t e r s .  

I n  February,  1980, UGMS began t o  e v a l u a t e  t h e  area-wiae geothermal 

r e source  p o t e n t i a l  a long t h e  Wasatch Frorlt and ad jacen t  a r e a s  because o f :  

the low-temperature geothermal p o t e n t i a l ,  

me t ropo l i t an  c e n t e r s .  T h i s  r e p o r t  covers  t h e  work done i n  Box E l d e r  County. 

It should be noted t h a t  t h i s  s t u d y  i s  l i m i t e d  i n  scope,  and t h a t  t h e  l a c k  of  

ev idence  f o r  a d d i t i o n a l  r e sources  does no t  prec lude  t h e i r  ex i s t ence .  

1) 

and 2) t h e  proximity of three major 

Ada i t iona l  e x p l o r a t i o n  may e s t a b l i s h  t h a t  a deep resource  is  p resen t .  

The s t u d y  a r e a  i n c l u d e s  t h e  lower Bear River dra inage  bas in ,  and t h e  very 

nor thern  p o r t i o n  of  t h e  Eas t  Shore a r e a  which inclucies Willard and the a rea  t o  

the south  ( f i g .  1). 

i n  no r th -cen t r a l  Utah, and l ies  wi th in  the  & s i n  and Range physiographic  

province.  The area encompasses approximately 730 m i  , two-thirds  being 

v a l l e y  t e r r a i n  and one-third mountainous. T h i s  north- t rending bas in  is  

approximately 4 m i  i n  width a t  t h e  Utah/Idaho bo rde r ,  and expands t o  nea r ly  18 

m i  i n  width over  a d i s t a n c e  of  n e a r l y  40 r n i  t o  t h e  south .  The bas in  i s  

bounded t o  t h e  east  by Clarks ton  Mountain, Junc t ion  Hills, the  Wellsville 

Mountains, and t h e  Wasatch Range and t o  the northwest  by t h e  West Hills and 

t h e  B lue  Spr ing  H i l l s  ( P l a t e  1). 

of  B lue  Spring Hills. 

Wasatch Range, and valley e l e v a t i o n s  range from 4200 t o  5200 feet .  

T h i s  a r e a  i s  a t  t h e  e a s t e r n  e x t e n t  of Box Elder  County, 

2 

Li t t le  lvbuntain i s  l o c a t e d  f o u r  m i  sou theas t  

E leva t ions  reach  9,372 feet on Box Elder Peak i n  t h e  

3 
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Figure 1 .  Index map of the lower Bear Rivcr drainage and the northern east 
shore ground-water areas, Box Elder County, Utah. 
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The Bear River  f lows i n t o  Nor th and South Bay, Bear R iver  Bay, and W i l l a r d  

Bay a l l  o f  which are  separated by extens ive marshes and mudf la ts  and are p a r t  

o f  t he  Great S a l t  Lake. 

l i e s  i n  the  southeast p o r t i o n  of the bas in.  

Brigham C i t y  i s  Tremonton. 

Brigham C i t y  i s  t he  l a r g e s t  me t ropo l i t an  center and 

The p r i n c i p a l  community n o r t h  o f  

GENERAL GEOLOGY AND STRUCTURE 

Typ ica l  o f  t he  bas in  and Range physiographic province, the lower  Bear 

R ive r  drainage bas in  e x h i b i t s  north-south elongated mountain ranges separated 

by a wide va l l ey .  

sediments, as w e l l  as unconsolidated and consol idated T e r t i a r y  sedirnents 

(P la te  1). The Quaternary u n i t s  are genera l l y  h o r i z o n t a l l y  bedded. The 

T e r t i a r y  fanglomerate, conylomerate, and tu f faceous sandstone and l imestone o f  

t h e  S a l t  Lake Formation i n  the v i c i n i t y  o f  Junc t ion  H i l l s  have a genera l  

e a s t e r l y  d i p  (Doe l l ing ,  1980).  A maximum depth o f  v a l l e y  f i l l  (Cenozoic 

rocks) o f  about 8,000 f t  i s  i n d i c a t e d  by $3 y r a v i t y  survey arid modeling 

(Peterson, 1974) .  

The v a l l e y  i s  f i l l e d  with unconsoliaated Quaternary 

The Precambrian and Paleozoic s t r a t a  exposed i n  the  mountain ranges 

border ing  the  study area were n o t  g r e a t l y  d i s tu rbed  by t e c t o n i c  a c t i v i t i e s  

u n t i l  Mesozoic and Cenozoic times. Basin:; formed with the  onset o f  Basin and 

Range f a u l t i n g  proaucing the  mountain and bas in  pa t te rn ,  whereas e a r l i e r  

orogenies produced the  i n t e r i o r  s t r u c t u r e s  o f  t he  i n d i v i d u a l  mountain ranges. 

Tensional  deformation r e s u l t i n g  i n  north-south t rend ing  normal f a u l t s  i s  

c h a r a c t e r i s t i c  o f  the  Basin and Range orogeny. 

c h a r a c t e r i s t i c  o f  e a r l i e r  events, r e s u l t e d  i n  i n t r u s i o n ,  metamorphism, 

Compressional deformation, 

3 high-angle t o  low-angle t h r u s t  f a u l t s ,  ant1 f o l d s  (Doe l l ing ,  1980) .  
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The West Hills and t h e  B l u e  Spr ings  H i i l l s  i n  t h e  nor thwes tern  co rne r  o f  

t h e  s t u d y  area are dominated by Pennsylvanian and Permian exposures ,  w i t h  t h e  

except ion  of  Oraovician t o  Miss i s s ipp ian  l imes tones ,  do lomi tes ,  q u a r t z i t e s ,  

and minor sands tone  i n  t h e  n o r t h e a s t  p a r t  of West Hills (P la te  1). 

Pennsylvanian and Permian s t r a t a  are deformed i n t o  t i g h t  p a r a l l e l  f o l d s  

t r end ing  north-south o r  northwest-southeast .  Two impor tan t  f a u l t s  a s s o c i a t e d  . 
w i t h  t h e  West H i l l s  are: 

side of  West Hills, and 2) an i n t e r i o r  f au l t  ex tena iny  nor thwes ter ly  a c r o s s  

t h e  range ,  w i t h  Ordovician t o  Miss i s s ipp ian  rocks  t o  t h e  n o r t h e a s t  (P la te  1). 

The i n t e r i o r  h igh  a n g l e  f a u l t  has a displacement  o f  3,500 feet ,  w i t h  t h e  

aowndropped block t o  t h e  southwest  (Doelljmg, 1980). 

thought  t o  break through wi th in  b lue  Spr ings  Hills. 

o u t l i e r  k n o l l  s o u t h e a s t  o f  B l u e  Spr inys  H i l l s ,  c o n s i s t s  o f  Devonian t o  Permian 

The 

1) a p r i n c i p a l  E3asin and Ranye f a u l t  on t h e  east  

A t h r u s t  f a u l t  i s  

Li t t le  Mountain, a l a r g e  

rocks ,  i n c l u a i n g  l imes tone ,  ao lomi te ,  Sandstone,  s i l t s t o n e ,  and q u a r t z i t e .  

The p r i n c i p a l  f au l t s  a t  L i t t l e  Mountain are o r i e n t e a  north-south (Doe l l ing ,  

1980). 

The no r the rn  Wasatch Range i s  bound or1 t h e  west by a p r i n c i p a l  north-south 

Basin and Range f a u l t  which i s  a p a r t  o f  t he  Wasatch f a u l t  system. 

Irresularly spaced t r a n s v e r s e  f a u l t s  c u t  t h e  eastward o r  northeastward d ipping  

s t ra ta ,  p a r t i c u l a r l y  a c r o s s  t h e  h e l l s v i l l e  Mountains (Plate  1). Clarks ton  

Mountain, seven miles long and t h r e e  miles wide, i s  composed of  Upper 

Cambrian, Ordovician,  and S i l u r i a n  dolomite ,  l imes tone ,  and lesser amounts Of 

q u a r t z i t e  cut by north-northwest t r end ing  normal and reverse f au l t s .  

A complete s e c t i o n  of eas t -d ipping  Precambrian t o  Permian s t r a t a ,  

i nc lud ing  l imes tone ,  dolomite ,  q u a r t z i t e ,  s i l t s t o n e ,  and sands tone ,  i s  exposed 

i n  t h e  nor th-nor thwes t  t r end ing  Wellsville Mountains ( P l a t e  1). T h i s  t r end  

ex tends  southward i n t o  t h e  Wasatch Range exposing o l d e r  rocks, inc lud ing  

3 
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schis t ,  s la te ,  p h y l l i t e ,  and gne i s s .  The Wil lard t h r u s t  f a u l t  i s  p resen t  t o  

t h e  south w i t h  a s t r ike and a i p  n e a r l y  p a r a l l e l  t o  bedding. 

numerous westward-dipping p a r a l l e l  f a u l t s ,  a long  w i t h  high a n g l e  t r a n s v e r s e  

I n  a d d i t i o n ,  

f a u l t s ,  are p resen t  (Doe l l ing ,  1960). 

HYDROLOGIC' :ETTING 

Lower Bear River Drainage Basin 

The lower Bear River d ra inage  

Bay, which i s  an  arm of  t h e  Great 

bas in  1: nor th  o f  and 

Sal t  Lake. The Malad 

a d j a c e n t  t o  Bear River  

River  f lows i n t o  t h e  

Bear River  approximately 7 m i  nor thwest  o f  Brigham C i t y .  

1,180,000 acre-feet o f  s u r f a c e  water e n t e r e d  t h e  b a s i n  annual ly  i n  t h e  1960 t o  

1971 water years (Bjorklund and McGreevy, 1974). 

via t h e  Bear Kiver, a s  well a s  i n  c a n a l s  d i v e r t e d  from t h e  Bear River .  

Sp r ings  wi th in  t h e  b a s i n  gene ra t e  several streams and t h i s  ground-water 

a i s c h a r g e  adds cons iderably  t o  the flow of  both the  Bear and Malad Rivers. 

t h e  average ,  972,000 acre-feet o f  surface water leaves t h e  d ra inage  b a s i n  

annua l ly ,  f lowing toward t h e  Great Sal t  Lake (Bjorklund and McGreevy, 1974) .  

Approximately 

The l a r g e s t  volune e n t e r e a  

On 

and 

and 

t h e  

t h e  

are 

Quaternary  marginal  d e p o s i t s  o f  t h e  Lake bonnev i l l e  b a s i n ,  p r i m a r i l y  sand 

g r a v e l ,  a s  well a s  f r a c t u r e d  l i r r e s tone  and sands tone  o f  t h e  Pennsylvanian 

Permian Oquirrh Formation, are t h e  most p roduc t ive  water-bearing u n i t s  i n  

lower Bear River  dra inage  bas in .  

Lake Bonnevi l le  b a s i n  supply on ly  a sma l l  amount o f  water t o  wells, but  

impor t an t  a s  they are the  on ly  water -bear ing  u n i t s  i n  a l a r g e  p a r t  of t he  

The i n t e r i o r  (deeper - la in)  d e p o s i t s  of  

s t u d y  area (Bjorklund and McGreevy , 1974). 

Ground water i s  p resen t  under t h e  foll i iwing cond i t ions :  1) both conf ined  

and unconfined i n  a p r i n c i p a l  system, 2 )  i n  a shal low unconfined system i n  t h e  

c e n t r a l - p l a i n  area,  and 3 )  i n  perched systems. Most ground water is inc luded  

3 
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i n  t h e  p r i n c i p a l  ground-water system. 

ground-water systems are pr imari ly  found i n  t h e  marginal  d e p o s i t s  of  the Lake 

Bonnevi l le  b a s i n ,  i n  c o l l u v i m ,  alluvium, and u n d i f f e r e n t i a t e d  d e p o s i t s  i n  t h e  

mountains, a s  well a s  i n  t h e  Oquirrh Formation (Bjorklund and McGreevy, 1974). 

Snia11 and d i scon t inous  perchea 

Of t h e  820,000 acre-feet o f  water which e n t e r s  t h e  b a s i n  annual ly  a s  

r echa rye ,  505,000 acre-feet i s  l o s t  f o  evapot ranspora t ion  ana runof f .  

remaining 315,000 acre-feet, which e n t e r s  t h e  p r i n c i p a l  ground-water 

r e s e r v o i r ,  o r i g i n a t e s  from three sources :  1) p r e c i p i t a t i o n  wi th in  t h e  b a s i n  

p r i m a r i l y  i n  and near  t h e  mountains; 2 )  surface water e n t e r i n g  t h e  b a s i n  and 

d i v e r t e d  f o r  i r r i g a t i o n ,  and 3)  subsur face  in f low (Bjorklund and McGreevy, 

1974). 

The 

General  ground-water movement i s  from t h e  mountains toward t h e  v a l l e y ,  and 

then  s o u t h  ana  s o u t h e a s t  toward the  lower p a r t  of  t h e  bas in .  

d i s c h a r g e  of  approximately 315,000 ac re - f ee t  of  grouna water i s  comprisec; o f  

t h e  fol lowing:  1) about  210,000 acre- fee t  d i s c h a r g e s  from t h e  yround-water 

a q u i f e r  system t o  s p r i n g s  and d r a i n s ;  2) approximately 1 0 0 , O G O  acre-feet o f  

ground water i s  d ischarged  annua l ly  by evapo t ransp i r a t ion  from mudflats  and 

phrea tophyte  areas; 3) approximately 1,0013 acre-feet o f  ground water i s  

thought  t o  migrate from t h e  area as  subsu r face  outf low i n  the  v i c i n i t y  o f  t h e  

Bear River Migratory B i r d  Refuge; and 4) the  remaining 4,000 acre-feet are 

The annual  

d i scha rged  from wells. 

s i n c e  t h e  mid-1930's (Bjorklund and McGreevy , 1974). 

Overa l l ,  ground-water l e v e l s  have f l u c t u a t e d  l i t t l e  

An a t t empt  was made t o  es tabl ish the  depth  t o  t h e  t o p  o f  t h e  major a q u i f e r  

i n  t h e  Bear River  dra inage  b a s i n  by examining well dri l lers '  logs .  Criteria 

used t o  determine depth t o  t h e  a q u i f e r  were p e r f o r a t i o n s  and/or  the stated 

depth  t o  Water bear ing  s t ra ta .  

thought  t o  be p a r t i a l l y  due t o  the  u n r e l i a b i l i t y  of the l o g s .  

No p a t t e r n  was e v i d e n t ,  however, which is  

3 
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Within t h e  s h o r e l i n e  sediments  of  Lake' Bonnevi l le  t h a t  b l anke t  t h e  Malaa 

River Valley i n  t h e  Por tage  area, and f l a n k  the  West H i l l s ,  Blue Spr ing  Hills, 

Clarks ton  Mountain, and Wellsville Mountains, a q u i f e r  t h i c k n e s s e s  and dep ths  

are re la t ively undefined on t h e  bas i s  of  well p e r f o r a t i o n  and water levels. 

0 

The l i t h o l o g y ,  however, i n d i c a t e s  t h i c k  sequences of  coarse-grained sediments.  
8 

I n t e r i o r  Lake Bonnevi l le  sea iments  p r e v a i l  a t  lower e l e v a t i o n s ;  i .e.  t h e  

bear River Valley, t h e  b i r d  r e fuge  (along South Bay), and t h e  waterfowl 

management area (no r th  of L i t t l e  tvbuntain) (Plate  2 ) .  I n  these areas the  

sea iments  are f ine-gra ined  and re la t ively impermeable. 
3 

Aquifers c o n s i s t  o f  

these f ine-yra ined  sands  and g r a v e l s .  

throughout  t h e  coarse-grained lake  facies ( sana  ana  g r a v e l ) ,  enabl ing  the 

Wel.ls are g e n e r a l l y  p e r f o r a t e d  

3 
t h i cknesses  and dep ths  o f  these u n i t s  t o  be readi ly  determinea from i n s p e c t i o n  

of well l o g s .  

s i g n i f i c a n t l y  better a q u i f e r s  than  t h e  f ine -y ra ined  u n i t s .  

These coarse-yrained u n i t s ,  however, do  n o t  appear  t o  be 

3 
It appears t h a t  no i n d i v i d u a l  u n i t  forrns a p r i n c i p a l  a q u i f e r  throughout  

t h e  lower Bear River  dra inage  b a s i n ,  a l though a p r i n c i p a l  g-ound-water system 

is Used t o  describe the  d i s t r i b u t i o n  and occurrence  of  ground water i n  t h e  

area. U t i l i z a t i o n  of a l a r g e  number o f  pei:meable beds throughout t h e  area 

i n d i c a t e s  t h a t  t r a n s m i s s i v i t y  wi th in  i n a i v i d u a l  a q u i f e r s  i s  n o t  l a t e r a l l y  

uniform. 

pe rmeab i l i t y  , could account  f o r  t h e  small l a t e r a l  d i s t r i b u t i o n  of  

geothermally heated waters i n  t h e  area. 

3 

T h i s  restricted l a t e r a l  permeabi l . i ty ,  a long  wi th  l o c a l  high v e r t i c a l  
3 

3 
East Shore Ground-Water Area 

The s o u t h e a s t e r n  co rne r  o f  t h e  s tudy  area,  t h e  area sou th  o f  k i l l a r d  and 

s o u t h e a s t  o f  Willard k y ,  i s  par t  o f  t h e  Eas t  Shore ground-water a r e a .  

East Shore area extends  from Willard south  t o  t h e  Davis County/Salt  Lake 

The 
3 

3 
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- Colinty l i n e  anu from the Wasatch Range t o  tne east  sho re  of  the Great S a l t  
h 

8 

0 

3 

0 

3 

3 

3 

3 

Lake. 

t o  20 m i  and extending about  40 m i  i n  lenclth ( B o l k e  and Waddell, 1972). Only 

t h e  p a r t  of  t h e  East Shore area i n  Box Elder County is inc luded  i n  t h i s  r e p o r t .  

The a r e a  i n c l u a e s  approximately 450 mi', r anging  i n  w i d t h  from three 

The ground-water r e s e r v o i r  i n  t h e  East. Shore a r e a  i s  composed o f  

unconsol iaa ted  and semiconsol idated seuimmts, ranging  i n  g a i n  s i ze  from C l a y  

t o  boulders .  The d e p o s i t s  i n c l u d e  coarse-grained d e l t a ,  a l l u v i a l - f a n ,  and 

slope-wash i n  t h e  eas t ,  grading westward i n t o  f ine-Gra ined ,  wel l -sor ted 

l a c u s t r i n e  u n i t s .  

i n  t h e  eas t ,  and of  sand i n  the  west. 

subsu r face  flow from the Wasatch Ftange, direct i n f i l t r a t i o n  from 

p r e c i p i t a t i o n ,  and seepage from mountain f r o n t  streams and i r r i g a t e d  areas. 

Alniost h a l f - o f  t h e  n a t u r a l  r echa rge  t o  the  East Shore r e s e r v o i r  i s  subsu r face  

flow from t h e  Wasatch Range (Bolke and Waddell, 1972). 

The p r i n c i p a l  a q u i f e r s  c o n s i s t  o f  g r a v e l  o r  g r a v e l  and sand 

The major sou rces  of  recharge  i n c l u d e  

Ground water i n  t he  East Shore a r e a  occur s  under a r t e s i a n  c o n d i t i o n s  i n  a 

Water-table and perched c o n d i t i o n s  are founa l o c a l l y  m u l t i a q u i f e r  r e s e r v o i r .  

i n  t h e  stream ael tas  and a long  t h e  Wasatch Front .  

t h e  area are a r t e s i a n .  Ground-water movement i s  westward from areas of 

recharge toward t h e  Great Salt Lake. 

by wells a l though some water moves upward through conf in ing  beds anu i s  

e v e n t u a l l y  d ischarged  by s p r i n g s ,  s eeps ,  or e v a p o t r a n s p i r a t i o n  i n  t h e  lowlands 

n e a r  Great Sa l t  Lake. 

westward under t h e  lake (Bolke and Waddell, 1972, Glenn and o t h e r s ,  1980). 

The ma jo r i ty  of  wells i n  

Most water i s  i n t e r c e p t e d  anu clischargea 

I n  a d d i t i o n ,  some water moves through t h e  a q u i f e r s  

KNOWN THERMAL. AREAS 

The l o c a t i o n s  of  known h o t  or  warm s p r i n g s  i n  t h e  lower Bear River 
3 

a ra inage  b a s i n  are shown on P la te  2 and d i scussed  below. The lowland west of 

3 
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- t he  Wasatch Range i s  a s e r i e s  o f  northward t rend ing  grabens separatea by 

h o r s t s  o r  bedrock highs. The known thermal water i n  the  study area i s  found 
8 

8 

3 

0 

3 

9 

3 

3 

3 

a t  the  margins of grabens where bedrock i s l  r e l a t i v e l y  near o r  a t  the  surface. 

The thermal  waters a long the Nasatch Front  a re  wamied by deep c i r c u l a t i o n  Of 

meteor ic  water i n  a r e g i o n  o f  high heat  f low. 

Province, temperatures inc rease with aepth a t  an approximate r a t e  o f  35'C/km 

(Chapman, personal  communication, 1982) .  

thought t o  c o n t r i b u t e  t o  the  warnling o f  these waters. 

I n  the  Basin and Range 

Heat from vo lcan ic  sources i s  n o t  

Hecharge t o  the  thermal  systems i n  the  Wasatch Range i s  probably the  

r e s u l t  o f  p r e c i p i t a t i o n  i n  the  form o f  r a i n  and smciwmelt. This water t r a v e l s  

downward through permeable rocks  and f a u l t  zones arid i n t e r s e c t s  zones o f  h i g h  

v e r t i c a l  permeab i l i t y ,  such as range f r o n t  f a u l t s ,  which serve as condui ts  fo r  

t he  rap id ,  upward convect ion o f  t he  warmed water t o  the  surface. Th is  r a p i d  

ascension a l lows the  water t o  ma in ta in  much o f  t he  heat  t r a n s f e r r e d  from the 

rock.  

o f  ascent, and degree o f  mix ing with non-thermal water (Murphy ana Gwynn, 

1979) .  

Primary f a c t o r s  a f f e c t i n g  f l u i d  temperature a re  depth o f  descent, r a t e  

The in fo rmat ion  presented i n  t h e  f o l l o w i n g  sec t ions  regard ing the  

i n a i v i d u a l  thermal  areas i s  p r i m a r i l y  f rom Mundorff (1970). Add i t i ona l  

sources are  referenced. 

Utah (Bear R iver )  Hot Springs 

Utah Hot Springs, approximately 8 m i  nlsrthwest o f  Ogaen, i ssues  from 

v a l l e y  f i l l  near complexly f a u l t e d  Cambrian q u a r t z i t e ,  shale, dolomite, and 

l imestone. 

58.5OC with a f a i r l y  steady d ischarye o f  5110 gpm. Murphy and Gwynn (1979) 

From 1843 t o  1967 t h e  temperature was a constant  57.5' t o  

h 

recoroed a temperature o f  63uC. The water, once used t o  hea t  a now 

3 
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d 

abariuoned r e s o r t ,  i s  hea t ing  a greenhouse,  

t o  25,200 ppm. 

t o t a l  a i s s o l v e a  s o l i d s  are Na and C l ) ,  antl probably moves through s a l i n e  

Dissolvea s o l i d s  range  from 18,900 

The water i s  sodium ctiloriide type  (a lmost  40 percen t  of  t h e  

seaiments .  

high.  

(0.04 u g / l )  (Felmlee and Cadigan, 1978) .  

Manyanese, and t o  a lesser e x t e n t ,  Germanium concen t r a t ions  a r e  

The f l u i d  has measurable q u a n t i t i e s  of  radildm (66 u g / l )  and uranium 
0 

S t i n k i n g  Hot Spr ings  
0 

S t i n k i n g  Hot Spr ings ,  about  6 m i  southwest  of  t3ear River C i t y ,  issues from 

a f a u l t  i n  Miss i ss ippian  l imes tone  a t  t h e  base of t h e  south  end of L i t t l e  

Mountain. The name refers t o  t h e  presence  o f  hydrogen s u l f i d e  gas .  

water tempera tures  between 1951 and 1967 varied from 39.5' t o  51OC. 

Measured 
0 

Estimatea u i scha rge  varies from 5 t o  45 gFlm. 

sodium c h l o r i o e  type  water ranged from 29,OUO t o  30,400 ppm from 1911 t o  

1967. 

Dissolvea  s o l i d s  con ten t  of  t h e  

3 
L i t h i u m ,  bromiae, and p a r t i c u l a r l y ,  i o a i d e  concen t r a t ions  are high. 

The l a r g e  a i s s o l v e d  s o l i a s  c o n t e n t  of t h e  water r e s u l t s  from t h e  h ighly  s a l i n e  

characterist ics o f  both t h e  s u r f a c e  anu the subsu r face  m a t e r i a l  through which 

t h e  water moves. 
3 

Crystal  (Iviadsens) Hot Spr ings  a 
Crystal  Hot Spr ings ,  l o c a t e d  nearly 10 m i  no r th  o f  Brigtiam C i t y ,  f low o u t  

o f  Pa leozoic  rocks  a long  t h e  Wasatch f a u l t  zone. 

between 1843 and 1966 ranyed from 49.5' t o  57OC. 

estimates over  many years vary from 500 t o  1,800 gpm. 

water c o n t a i n s  43,500 mg/l of d i s so lved  s o l i d s ,  more than any o t h e r  Utah ho t  

s p r i n g  (Bjorkluna anu McGreevy , 1974) .  

approximately 95 percen t  of  t h e  d i s so lved  s o l i d s  by weight.  

Temperatures r epor t ed  

Spr ing  a i s c h a r g e  
3 

Crystal  Hot Spr ings  

Sodium and c h l o r i d e  account  f o r  a 
Elevated levels  

Caaigan, 1978).  
3 
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The source  of  t h i s  s p r i n g  i s  probably aeeply c i r c u l a t i n g  water o r i y i n a t i n y  

from the rriountains east  of  t h e  Wasatch f a u l t  zone. 

through several thousand feet  of  unconsol ida ted  val.ley f i l l  nea r  the f a u l t  

The upward movement 
0 

zone, ana t h e  mixing w i t h  t h e  h ighly  concent ra ted  i n t e r s t i t i a l  b r i n e s  i n  the 

unconsol idated sediments ,  causes t h e  high aissolvecl s o l i d s  con ten t  o f  t h e  

water .  The primary s t r u c t u r e  which a l lows  f o r  t h e  t r a n s p o r t  of the thermal 
8 

water i s  a major northwest  s t r i k i n g  f a u l t .  The main thermal sp r ing  o r i f i c e  i s  

a t  t h e  i n t e r s e c t i o n  of t h i s  f a u l t  wi th  a n o r t h e a s t  s t r i k i n g  f a u l t  system 

(Murphy and Gwynn, 1979). 
3 

my (Belmont) Hot Spr ings  

Uciy Hot Spr ings ,  p r e s e n t l y  known a s  t h e  belmont Reso r t ,  i s  one m i  
3 

southwest  o f  Plymouth, ana c o n s i s t s  o f  a group of s p r i n g s  which flow o u t  of 

Pa leozo ic  l imes tones  a t  a small escarpment 

h ighe r  terraces o f  t h e  Malad River Valley. 

concealed beneath Quaternary  v a l l e y  f i l l .  

3 
between t h e  f l o o a  p l a i n  and t h e  

The s p r i n g s  may be nea r  a f a u l t  

Water tempera tures  range from 3.4' 

t o  43.5'C, and d i scha rge  ranges  from 900 t c )  3,600 gpm. Dissolvea s o l i a s  
1 

c o n t e n t  o f  t h e  sodium c h l o r i a e  type  water  i s  moaerately high (7,850 ppni), w i t h  

90 weight percent being sodium chloride. 

Lit t le  Mountain Warm Spr ing  

Li t t le  Mountain Warm Spr ing ,  a t  t h e  south  ena of' L i t t l e  Mountain, has  a 
0 water temperature  o f  32 C. 

b i ca rbona te ,  sooium, and c h l o r i d e  (Murphy and Gwynn, 1979). L i t t l e  bbuntain 

Warm Spriny and S t ink ing  Hot Spr ings  may be relatea t o  t h e  same f a u l t  system, 

a s  well a s  t o  t h e  sanie source  o f  o i s so lved  s o l i a s .  

Predominant i o n s  present.  i n  t h e  water are 
3 

3 

1 2  



8 -  

8 

0 

0 

3 

a 

3 

3 

Bothwel l  ( S a l t  Creek) Warm Springs 

Bothwel l  harm Sprinys, 20 m i  northwest; o f  Brigham C i t y ,  i ssues  from a 

smal l  outcrop o f  f i s s u r e d  Paleozoic l imestone. 

21' t o  23OC; average d isso lved s o l i o s  content  i s  2,000 ppm. 

discharge ranyes from 2,244 t o  over 13,4651 gpm, wi th annual f l u c t u a t i o n s  

i n a i c a t i n g  a meteor ic  o r i g i n  o f  t he  water. 

found i n  sec. 2, T. 11 N., K. 4 W .  as was repo r ted  by kundor f f  (1970).  

Mundorff (1970) a l s o  r e f e r s  t o  Bothwel l  as S a l t  Creek Warm Sprinys. 

Spr ing was loca ted  ana samplea, however, i n  sec. 6, T. 11 N., H .  3 h. 

(approximately 2 m i  d i r e c t l y  eas t  o f  t h e  l o c a t i o n  s ta ted  f o r  Bothwel l ) .  

ha ter  temperatures vary from 

The heavy 

No evidence o f  t h i s  s p r i n g  was 

A S a l t  

C u t l e r  Warm Springs 

C u t l e r  Warm Springs, 10 m i  nor theas t  o f  Tremonton, i ssues  from Paleozoic  

l imestones a long the  bea ana banks o f  t he  Bear River ,  about 1 m i  eas t  o f  the 

Wasatch f a u l t .  Water temperatures range from 21' t o  27OC. Dissolved 

s o l i a s  contents  o f  5,000 ppm and 2,000 ppm have been repo r ted  f o r  t h e  sodium 

ch lo r ioe- type water. Ttie sp r ing ' s  p r o b a b k  o r i g i n  i s  meteor ic  water. 

Attempts t o  l o c a t e  the  sp r iny  were unsuccessful. Ttie cons t ruc t i on  o f  Cu t le r  

Dam may have covered t h e  o r i f i c e s  o r  a l t e r e d  the  plumbing so t h a t  the  spr ings 

no longer  e x i s t .  

CHESAPEAKE DUCK CLUB WELLS 

I n  1925 a 502-foot deep water w e l l  was d r i l l e d  f o r  the  Cheapeake Duck Club 
3 

i n  the  NE 1 / 4 ,  NW 114, SW 114 sec. 27, T. 9 N., R. 3 W .  (Gooae, 1978).  

we l l ,  with a recordea temperature o f  74 C, produced gas and was plugged. 

Goode (1978) r e p o r t s  t h a t  a second w e l l  was a r i l l e d  t o  a depth o f  500 f e e t  i n  

the  same area, b u t  a l s o  produced gas and WEIS pluggea. 

The 
0 

3 
No recorded temperature 
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i s  founa i n  t h e  l i t e r a t u r e  f o r  t h i s  we l l .  The two w e l l s  a re  l oca tea  i n  an 

area where concealed, poss ib l y  i n t e r s e c t i n g ,  fault:; have been loca tea  by 

t3Jorklund and PicGreevy (1974) .  The f a u l t ( s )  may be condu i t (s )  f o r  t he  oeeply 

c i r c u l a t i n g  water which was in te rcep ted  by these we l ls .  

0 

HIGH TDPERATURE GEOTHERMAL EXF'LOMTION 

On February 22, 1974, a geothermal t e s t  w e l l  was spuoaea i n  the SW 1 / 4 ,  Ski 

1 / 4 ,  Nk 1 / 4  sec. 16 ,  T. 10 N., R. 2 W., i n  box E laer  County, Utah f o r  Utah 

Power and L i g h t .  

11,11115 f t  with a bottom-hole temperature o f  on l y  1C15°C (Goode, 1978) .  

0 
The w e l l  was completed on August 22, 1974 a t  a depth of 

0 
TEWEf-t A TURE SURVEY 

Temperatures measured a t  52 w e l l  and sp r ing  1oc:ations i n  the study area, 

Using a Yellow Springs Inst rument  ( Y S I )  Moael 33 Temperature-Conductivi t y  

Meter, a re  l i s t e a  i n  t a b l e  2. The w e l l  and sp r ing  l o c a t i o n s  are  shown O n  

P l a t e  2. 

0 

Wel l  ana sp r ing  temperatures ranse from l l ° C  t o  51OC. Nathensori and 

0 
3 

o the rs  (1982) d e f i n e  low-temperature geo thernial resources as l e s s  than 90 C, 

but  no lower  than 10°C above the  mean annual a i r  temperature. 

annual a i r  temperature i n  the  study area i s  consiaered t o  be 10°C, 

t he re fo re ,  temperatures o f  20°C and grea ter  a re  thought t o  have low- 

temperature geothermal p o t e n t i a l  and a re  r e f e r r e d  t o  as thernial water. 

on  t h i s  c r i t e r i a ,  seven w e l l s  and spr ings  have temperatures i n  t h e  thermal  

range. 

The mean 

3 

Based 

a 

The warmest ground-water temperatures are measureu a t  o r  nearby thermal  

spr ings:  

44OC a t  S t i n k i n g  Hot Springs; ana 41 C a t  1 - i t t l e  Mountain Warn Springs. 

51°C and 42OC a t  Udy  Hot Springs; 46OC at. Crystal Hot Springs; 

0 
3 
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3 
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Two rnaryirially warm ground-water temperat:ures were recorcleu : 

mile south  of  Thatcher ,  and 2 )  22'12 approxirnately 1.8 m i  west of Brigham 

C i t y .  

1) 2l0C, one 

The warm temperature  riieasured a t  C r y s t a l  Hot Spr ings  ( 4 6 O C )  i s  

a s s o c i a t e d  with a p r i n c i p a l  north-south bas in  and Range f a u l t  which i s  a p a r t  

of  the Wasatch f a u l t  system. The warm temperature  found a t  Li t t le  Mountain 

Warm Spr inys  ( 4 1 O C )  is a s s o c i a t e d  with a north-south t r end ing  f a u l t  i n  t h e  

valley f i l l  west of  L i t t l e  Mountain. 

WATEH CHEMISTRY AND ANALYSES 

Fif ty- two water samples were col lec tEia  ( P l a t e  2) and ana lyzea  a s  p a r t  of  

this s tuay .  The chemistry f o r  Utah Hot Spr inys  is obtainecl from Glenn ana 

o t h e r s  (1910). The on- s i t e  a n a l y s e s  c o n s i s t e d  o f :  (1) pH, (2)  a l k a l i n i t y ,  and 

( 3 )  conauc t iv i ty .  

Urion g e l - f i l l e d  Mobel 91-05 combination pH e l e c t r o d e  was used t o  measure pH. 

Three reaa ings  were taken  and averayea.  

Conuuct ivi ty  Meter was used t o  measure chnuuc t iv i ty .  

us ing  a Hach A l k a l i n i t y  Model AL-AP tes t  k i t .  

A Corning-Orion Model 407A/F s p e c i f i c  i o n  meter w i t h  an 

A YSI Mooel 33 Temperature- 

A l k a l i n i t y  was rrieasured 

Three (two 570 m l  and one 6 5  m l )  po lye thylene  b o t t l e s  were f i l l e d  a t  each 

sampling l o c a t i o n  by f i l t e r i n g  the water through a GeoFi l te r  P e r i s t a l t i c  Pump 

- Moael #004 us ing  a 0.45 micron f i l t e r  paper.  The water was analyzed a t  t h e  

Univers i ty  of  Utah Research I n s t i t u t e / E a r t h  Sc ience  Laboratory (UURI-ESL). 

The 65  m l  b o t t l e  was ac id i f ied  with reagent  grade HN03 t o  a f i n a l  con- 

c e n t r a t i o n  of  20 percent  HN03, f o r  a n a l y s i s  of  c a t i o n s  by a n  APL I n d u c t i v i t y  

Coupled Plasma Uuantometer (ICPQ). Results are l i s t e d  i n  tab le  1. One 570 m l  

3 

3 

I C  
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- Table 1: L i m i t s  o f  quantitative cktection (Lao) for  solution analysis by the 

University of Utah Research Inst.itute/Earth Science Lab Inductively 

Coupled Plasma Quantometer. 

E l  em en t 
;Na 
K 
Ca 
Mg 
Fe 
A 1  
Si02 
T i  
P 
Sr 
ba 
V 
C r  
Mn 
Co 
N i  
cu 
Mo 
Pb 
Zn 
Cd 
As 
Sb 
Bi 
Sn 
h 
L i  
Be 
8 
Z r  
La 
Ce 
Th 

Concentration ( m y / l )  
1.23 
2.50 
0.250 
0.500 
0.025 
0.625 
0 2 5 0  
0.125 
G .625 
0.013 
0.625 
1.25 
0.050 
0.25U 
0.025 
0.125 
0.063 
1.25 
0.250 
0.125 
11.063 
0.625 
0.750 
2.50 
0.125 
0.125 
0 .U50 
0.005 
0.125 
0.125 
0 2 5  
0.250 
2.50 

LQD concentrations represent t h e  loweslt re l iab le  analyt ic  values for  each 
+ element. 

a confidence level of 95%. 

Precision a t  the LQD i s  approximately - 100% of the given value a t  
3 

3 
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bo t t l e  was aciaif ied w i t h  concentrated HCI., t o  a f i n a l  concentration of one 

percent H C l ,  analysis of SO4. The rernaini.ng bot t le  was not acidif ied ana 

the water was analyzea for  C 1 ,  F, and t o t a l  aissolved sol ids  (TDS). 

of the analyses a re  i n  table  2. 

Results 

Corrirnon Ion Analysis 

Common ion analyses are  plotted on the t r i l i n e a r  cliayram i n  f igure 2. 

Samples bE-lU, BE-22, BE-23, BE-40, EE-41, bE-48, BE-50, ana BE-52 are  omitted 

because of t he i r  unacceptable h igh  percent of e r ror  (greater than 1556) a f t e r  

common ion balancing. The data plotted irt f igure 2 inaicate  that  there are  

four major types  of water i n  the stucly &rea,  which are  desiynatea a s  types I ,  

11, 111, and I V .  Type I water i s  calcium-nsodium bicarbonate-chloriue-sulfate 

(Ca-Na HCU3-C1-SO4) i n  character and a i l u t e  w i t h  TDS concentrations 

ranging from 164 t o  542 mg/l. 

6.91) ,  are  s l i g h t l y  basic. 

other cations,  ana i n  HCU3 wi th  respect tcl other anions. 

typical  of the recharge from the Wasatch Range and the West Hills (bjorkland 

ana McGreevy, 1974) .  Sample BE-1 is  also from a recharge area b u t  exhibi ts  

somewhat different  ion cuncentrations, therefore, i s  not includea i n  Type I 

water. BE-1 i s  calcium-sodium chloride-sulfate-bicarbonate (Ca-Na 

C1-SO -HCO ) i n  character, s l i g h t l y  basic, and d i lu t e  w i t h  a TDS 

concentration o f  516 mg/l. 

cations,  a s  i s  typical of Type I water; however, C 1  i s  t h e  predominant anion. 

The samples, with the exception of BE-17 (pH 

All samples a re  enriched i n  Ca w i t h  respect t o  

The water i s  

4 3  
BE-1 is  enriched i n  Ca w i t h  respect t o  other 

Type I1 water i s  character is t ic  of water i n  lower par ts  of t h e  basin which 

is  far ther  removed from the recharge areas. 

being calcium-sodium bicarbonate-chloride-sulfate (Ca-Na HC03-C1-S04), 

calcium-sodium chloride-sulfate-bicarbonate (Ca-Na C1-S04-HC03), 

soaium-calcium chloride-sulfate-bicarbonate ( Na-Ca C1-S04-HC03) , and 

The water varies i n  character 

17 



v w 8 

Table 2. Water analysis  from Wells and springs i n  t he  lower Bear River drainage 
and northern e a s t  shore ground-water a r eas  i n  Box Elder County, Utah. 

(u - elements not present or below detect ion l i m i t s . )  

Sample II E€ -1 E-2 E-3 BE -4 BE-5 BE -6 

Location (B-15-3)33acc (8-14-314abc (B-14-3)4dac (8-14-3 I l lbba (b-14-3)17dcb (B-14-3120adb 
41O59' 44" 41°59 I 08" 41058'38" , 41057 I 25" 41°56'44" 41O56' 22" 
112O11 ' 51" 11201 1 '49" 112O11 31" 112O13 '21" 112012 5 3" 112O12 35" 

Temp. 

PH 

TOS 

Hc03 

Na 

K 

Ca 

Mg 

Fe 

SiOi 

T i  

P 

Sr 

Ba 

Mn 

Zn 

L i  

B 

F 

c1 

C 0 

mg/l 

my/l 

mg/l 

mg/l 

mg/l 

my/i 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l  

mg/l 

17 

7.14 

516 

209 

27 

u 

63 

30 

0.04 

11 

U 

u 

0.17 

u 

u 

0.4 

U 

u 

0.2 

146 

14 

15 

7.26 

326 

250 

39 

3 

45 

25 

u 

19 

U 

U 

0.18 

U 

u 

0.2 

u 

u 

0.2 

37 

14 

15 

7.32 

284 

292 

26 

3 

41 ' 

31 

0.20 

20 

U 

U 

0.20 

U 

u 

U 

u 

U 

0.2 

33 

11 

11 

7.41 

794 

442 

287 

9 

38 

18 

U 

28 

U 

U 

0.47 

u 

u 

U 

0.08 

u 

0.6 

269 

21 

15 

7.34 

874 

376 

299 

13  

58 

25 

U 

22 

U 

U 

0.79 

u 

0.3 

U 

0.10 

U 

0.5 

359 

a 

15 

7.45 

444 

376 

149 

5 

32 

1 4  

0.23 

27 

U 

U 

0.31 

u 

U 

U 

0.06 

u 

0.6 

103 

u 
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Table 2.  (continued.) 

Q 0 0 8 

Sample # BE-7 E - 8  BE-9 E - 1 0  E!€-11 BE-12 

Locat ion (E13-2 )17bbc (8-13-3) 15dda (B-13-3 123baa (8-13-3123abc (B-13-2)30bbb (B-13-3)25daa 
41052 10" 41051 '39" 41°51 I21" 41°51 14" 41050 36" 41°50 '09" 

1 U006 '24" 112°09'57" 112O09 I 24" 112O09' 07" 112O07 3j1 112O07 I35" 

Temp. 

PH 

TDS 

*O3 

Na 

K 

ca 

Mg 

Fe 

Si02 

T i  

P 

Sr 

8a 

Mn 

Zn 

L i  

B 

F 

c1 

s04 

OC 

my/ 1 

mg/ l  

mg/l 

mg/l 

mg/l 

mg/l 

mg i i  

mg/l 

mg/l 

mg/l 

mg/ 1 

mg/ l  

mg/l 

my/l 

n g / l  

mg/l 

mg/l 

mg/l 

my/l 

lil 

7.12 

708 

442 

92 

10 

63 

64 

U 

53 

U 

U 

0.77 

U 

U 

U 

0.07 

U 

1.8 

53 

14 7 

16 

7.29 

352 

275 

40 

10 

49 

22 

0.19 

70 

U 

U 

0.31 

U 

U 

U 

U 

U 

0.6 

46 

19 

42 

6.82 

6602 

401 

2590 

109 

196 

51 

0.09 

57 

U 

U 

5.09 

U 

U 

0.5 

0.6U 

0.7 

1.1 

3640 

74 

51 

6.97 

9040 

401 

3688 

131 

274 

59 

0.22 

26 

U 

U 

6.62 

U 

U 

3 .0 

1.17 

0.9 

1.2 

5070 

89 

15 

7.16 

704 

434 

86 

30 

66 

61 

U 

51 

U 

U 

0.64 

U 

U 

U 

0.06 

U 

0.8 

107 

83 

11 

7.22 

892 

668 

133 

37 

70 

84 

U 

51 

U 

U 

0.82 

U 

U 

0.5 

0.08 

0.2 

1.1 

110 

96 

\ 

Q 
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Table 2. (continued. 1 

Sample # BE-13 BE-14 E-15  BE-16 BE-17 E-18 

Location (b-12-2)3dab (8-12-3 )3daa (6-12-3) l l bbc  (B-12-2)9cdc (6-12-2)17cad (8-12-2 ) 19aab 
41°48 I 2 9* 41°48'23" 41°47 45" 41°47 '12" 41°46'32" 41O46' 15" 

112003'03'8 112O09 '51" 112O09 46" 112O04 '44" 112O05 '48" 112O06 '33" 

Temp. 

PH 

TDS 

Hc03 
Na 

K 

Ca 

Ms 

Fe 

Si02 

T i  

P 

Sr 

ba 

Mn 

2n 

L i  

6 

F 

c1 

s'4 

OC 

m g / l  

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/ i 

mg/l 

my/l 

mg/l 

my/l  

mg/l 

my/l  

mg/l 

mg/l 

mg/l 

mg/ 1 

mg/l 

mg/l 

14 

7.25 

436 

167 

110 

13 

50 

32 

u.i3 

41 

U 

U 

0.26 

U 

U 

1.2 

0.10 

U 

2 . 6  

64 

40 

18 

7.01 

392 

284 

39 

9 

63 

2 1  

0.05 

71  

U 

U 

0.29 

U 

U 

0.6 

U 

U 

0.4 

51 

15 

17 

7 .ll 

330 

242 

33 

4 

69 

12 

U 

29 

U 

U 

0.26 

U 

U 

0.2 

U 

U 

0.3 

31 

24 

13 

7.08 

530 

351 

38 

8 

105 

15 

U 

58 

U 

U 

0.37 

U 

U 

U 

U 

U 

0.4 

59 

58 

14 

6.Y1 

292 

234 

24 

4 

51 

14 

U 

33 

U 

U 

0.34 

u 

U 

U 

U 

U 

0.4 

22 

15 

11 

7.20 

1424 

309 

379 

12 

98 

45 

0.88 

56 

U 

U 

1.31 

0.7 

0.6 

I 
U 

0.12 

U .  

0.5 

643 

7 
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Table 2. (continued.) 

Sample # BE-19 E-20 BE-21 E - 2 2  E - 2 3  E - 2 4  

Locat ion (E12-4)27bat (B-12-4)35bCb (8-12-4 136dca (8-11-3 )5baa (B-ll-3)6aco (B-ll-3)6dbd 
41044' 52" 41044 '06" 41°43 39" 41043 t30'1 41°43 I05" 41°42 57" 

112017 '04" 112O16 37" 112O14 '43" 112O12 '36" 112013 '33" 112O13 '37" 

C 14 16 18 15 17 19 0 Temp. 

PH 6.89 

TDS mg/l 988 

mg/l 284 

Na mg/l 181 

Hc03 

K mg/l 3 

Ca mg/l 97 

Si02 mg/ l  20 

T i  mg/l U 

P 

Sr 

Ba 

Mn 

Zn 

L i  

6 

F 

c1 , 

U 

2.75 

U 

U 

0.2 

U 

U 

u.3 

360 

38 

7.14 

876 

284 

205 

4 

81 

35 

u.u4 

21 

U 

U 

1.71 

U 

U 

0.3 

U.U6 

U 

0.3 

32 4 

35 

7 .ll 

898 

476 

169 

12 

92 

7.06 

542 

309 

85 

9 

119 

51 22 

U 0.16 

23 

U 

U 

1.81 

U 

U 

0.2 

0.08 

0.3 

u.3 

130 

161 

60 

U 

U 

0.48 

U 

U 

1.8 

U 

U 

0.2 

115 

35 

7.29 

938 

426 

313 

16 

79 

30 

0.15 

21 

U 

U 

G.68 

U 

U. 

2.0 

0.11 

0.2 

0.4 

311 

78 

7.14 

892 

334 

307 

15 

54 

23 

U 

20 

U 

U 

0.79 

U 

U 

U 

0.10 

0.2 

0.4 

343 

36 

Q 
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Table 2.  (continued. 1 

8 

Sample # BE-25 E!€-26 E - 2 7  E!E-28 E!€ -29 E - 3 0  

Locat ion (511-3)6dCC (8-11-4 )12ac!a (8-11-3 )7dao (B-ll-3)17dad (8-11-4 ) l ldoc (B- 11-3 ) 18abb 
41O42' 43" 41°42 '23" 41°42 '03" 41°41 Il l" 41°41 '45" 41°41 '40" 

112O14 '20" 112O31 ' O Y  112°1514418 112O13 '38" 112011 '57" 112013 41" 

Temp. 

PH 

TLS 

Hc03 

Na 

K 

Ca 

MS 

Fe 

Si02 

T i  

P 

Sr 

Ba 

Mn 

Zn 

L i  

B 

F 

c1 

s04 

c 0 

my11 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

w/l 
my/l 

mg/l 

mg/l 

my/l 

mg/l 

mg/l 

m g / l  

mg/l 

mg/ l  

mg/l 

mg/l 

17 

7.28 

1258 

292 

387 

15 

81 

37 

I 1  

18 

U 

U 

1.46 

U 

U 

0.3 

0.13 

0.1 

0.4 

516 

88 

14 

7.59 

624 

292 

143 

5 

56 

27 

n-n? 

53 

U 

U 

0.63 

U 

U 

0.2 

U 

U 

0.5 

189 

37 

16 

7.21 

628 

209 

103 

10 

70 

36 

0.08 

70 

U 

U 

0.95 

U 

U 

0.3 

0.09 

U 

0.4 

203 

47 

11 

7.54 

1044 

217 

332 

8 

53 

22 

n on 
U.LU 

57 

U 

u '  

0.65 

U 

U 

0.8 

0.07 

0.1 

0.5 

443 

30 

17 

7.09 

3628 

353 

432 

15 

425 

219 

0.03 

43 

U 

U 

5.40 

U 

u 

U 

0.14 

U 

0.4 

580 

16U4 

12 

7.21 

1552 ' 
292 

464 . 
13 

79 

42 

U 

24 

U 

U 

2.44 

U 

U 

U 

0.13 

0.2 

0.5 

693 

88 
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Table 2. (continued.) 

Sample # E-31 E-32 BE-33 BE-34 BE-35 E - 3 6  

Location (B-11-3)17caa (B-ll-4)15dcc (8-11-4 )23bbb (6-1 1-4 ) 23bc c (B-ll-3)20daa (8-11-4 ),28ada 
41041 '19" 41°40'51" 41O40' 47" 41°40 25" 41°40'26" 41°39 '42" 

1 U012 30" 112O17 I05" 112°16'33" 112O16 ' 32" 112°11'56" 112017 I51" 

Temp. 

PH 

TUS 

Hc03 

Na 

K 

Ca 

Mg 

Fe 

Si02 

T i  

P 

Sr 

Ba 

Mn 

Zn 

L i  

B 

F 

OC 

mg/l 

mg/ l  

mg/l 

mg/ l  

nig/l 

mg/l  

mg/l 

mg/l 

mg/l 

my/l 

my/l 

mg/l 

mg/ 1 

mg/l 

mg/l 

mg/l 

my/l 

14 

7.82 

766 

217 

194 

10 

56 

26 

0.06 

68 

U 

U 

0.69 

U 

U 

0.3 

0.12 

0.1 

0.5 

c1 m g / l  290 

my/l 47 s'4 

21 

6.73 

984 

234 

182 

9 

89 

41 

0.07 

47 

U 

U 

2.29 

U 

U 

0.1 

0.05 

U 

b.4 

314 

70 

14 

7.27 

1564 

284 

499 

14 

80 

40 

U 

19 

11.7 

U 

2.40 

U 

U 

U 

0.13 

0.1 

0.4 

702 

89 

18 

7.25 

766 

259 

166 

8 

71 

35 

U 

63 

U 

u 

1.35 

U 

U 

U 

0.06 

U 

0.5 

234 

99 

11 

7.44' 

1224 

785 

322 

33 

56 

76 

U 

37 

U 

U 

0.64 

u 

U 

U 

0.19 

0.5 

0.9 

217 

138 

18 

7.18 

974 

376 

251 

14 

77 

41 

0.06 

47 

U 

U 

2.14 

U 

U 

0.2 

0.12 

0.2 

0.4 

281 

13 0 
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Table 2. (coritinued.) 

Sample # E - 3 7  BE-38 E - 3 9  E-40 BE-41 E 4 2  

Locat ion (8-11-4)29at(c (8-11-4 )32aaa (8-11-4 134dab (8-11-4 )2cad (B-10-4 )2cad (E!-10-4 ) 6cda 
41O37 I29" 41039 r35" 41°38 '59" 41°38 37" 41038 I 14" 41°37 1391t 

11Z005'10" 112O18 '50" 112O16 '43" 112O17 I 03" 112O16 '01" 112020'35" 

Temp. 

PH 

TUS 

Hc03 

Na 

K 

Ca 

Mg 

!=e 

Si02 

T i  

P 

Sr 

Ba 

Mn 

Zn 

Li 

B 

F 

c1 

s'4 

46 

6.24 

34850 

442 

13857 

566 

644 

159 

0.19 

24 

U 

U 

19.75 

U 

U 

0.4 

6.56 

3.6 

1.2 

19600 

377 

15 

7.41 

871 

609 

222 

20 

67 

5 1  

n n, 
U . U P  

54 

U 

U 

1.U7 

U 

U 

0.3 

U.16 

0.3 

0.4 

156 

99 

19 

7.14 

4352 

426 

1574 

58 

123 

69 

u 

35 

U 

U 

4.04 

U 

U 

U 

0.47 

0.5 

0.7 

2190 

149 

16 

7.10 

9444 

384 

3717 

126 

210 

114 

U 

34 

U 

U 

6.94 

U 

U 

U 

1.14 

1.2 

0.5 

5090 

212 

16 

7 -26 

9762 

367 

3998 

130 

190 

108 

U 

28 

U 

U 

5.13 

U 

U 

U 

1.25 

1.2 

0.8 

5460 

150 

16 

7.40 

2622 

334 

936 

24 

96 

58 

U 

18 

U 

U 

2.25 

U 

U 

U 

0.23 

0.2 

0.4 

1320 

84 

Q 



Q 0 0 8 0 

Table 2. (continued. 1 

Q 

Sample # E - 4 3  tE-44 e - 4 5  E-46  t3E-47 E - 4 8  

Location (8-10-4 )24CCC (E-10-3) 30btKJ (6-9-2 )15dad (B-9-2)22~bb (6-9-2)25cct (6-9-2 ) 35bac 
41°34 '49" 41O34' 37" 41°30 I 55" 41°30'08" 41°29 '04" 41028 43" 

112015 ' 14" 112013 l56" 112O02 '40" 112°03'44" 112O01 I17" ' 11Z002'09" 

Temp. 

PH 

TDS 

Hc03 
Na . 

K 

. Ca 

Mg 

Fe 

Si02 

T i  

P 

Sr 

Ba 

bin 

Zn 

L i  

B 

F 

c1 

504 

C 0 

mg/l 

m g / l  

mg/l 

my11 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

W / l  

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

m y / l  

rng/ 1 

m y / l  

41 

6.39 

36110 

543 

14291 

566 

641 

213 

0.66 

24 

U 

U 

17.110 

U 

U 

U 

6.93 

4.1 

1.5 

204UO 

351 

44 

6.38 

31080 

409 

11896 

505 

758 

321 

0.17 

41 

U 

U 

24.05 

5.6 

U 

U 

6.19 

3.8 

1.1 

178W 

21 

18 

8.63 

396 

367 

177 

U 

5 

1 

0.28 

16 

U 

1.2 

U 

U 

U 

U 

U 

0.2 

U.8 

1 5  

U 

22 

7.30 

1618 

951 

671 

19 

37 

34 

0.30 

79 

U 

U 

0.39 

u 

U 

0.7 

0.36 

0.3 

1.0 

499 

U 

15 

7.36 

298 

225 

26 

3 

52 

22 

U 

14 

U 

U 

0.36 

U 

U 

U 

U 

U 

0.3 

27 

21 

13 

8.54 

562 

401 

239 

14 

5 

2 

0.15 

40 

U 

3.2 

u 

U 

u 

u 

0.08 

0.5 

1.2 

21 

U 



(d 

Sample # 

u 0 

Table 2.  (continued.) 

E-49 E - 5 0  E - 5 1  

Q 

BE-52 

8 

Locat ion (8-8-2)  15dbc (8-8-2 )23bbCi (8-8-2 )23bcc (b-8-2)26bca 
41°25'41" 41°25'15" 41°24 I 56" 41°24 '16" 

1lZo03 '04" 112°02' 28" 112002 '35" 112°02' 16" 

Temp. 

PH 

TDS 

Hc03 

Na 

K 

ca 

Mg 

re 
l *  

Si02 

Ti 

P 

Sr 

ba 

Mn 

Zn 

L i  

B 

F 

c1 

s04 

C 0 

mg/l 

mg/ l  

my/l 

mg/l 

mg/l 

mg/ l  
-- 1 1  
l t n j ,  I 

mg/ 1 

mg/l 

mg/l 

my/l 

mg/l 

my/l 

my11 

mg/l 

mg/l 

m y / l  

my/l  

my/l 

17 

8.60 

330 

192 

136 

7 

4 

2 

0.20 

11 

U 

3.3 

0.04 

U 

U 

U 

U 

0.2 

0.6 

72 

15 

19 

8.13 

164 

150 

8 

U 

27 

8 

u 

10 

U 

u 

0.17 

U 

U 

U 

U 

u 

0.2 

9 

18 

13 

7.53 

114 

142 

55 

3 

9 

3 

U.5U 

6 

U 

1.1 

0.03 

U 

U 

U 

U 

U 

0.3 

21 

U 

15 

7.12 

106 

117 

32 

4 

3 

4 

U 

13 

U 

U 

0.04 

U 

U 

U 

U 

U 

1.2 

11 

8 

Q Q 
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Figure 2. Piper diagram of common ions in samples collected in the lower Bear 
River drainage and northern east shore areas in Box Elder County, Utah. 
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8 

8 
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a 

3 

3 

3 

3 

3 

sodium-calcium bicarbonate-chioriae-sulfate ( Na-Ca HCLJ3-C1-SU4) . 
a i l u t e  water has re la t ively h i g h  TDS concen t r a t ions  ranging  from 436 t G  1224 

mg/l. Type I1 water i s  s l i g h t l y  basic, Iw is  u s u a l l y  the preoominant c a t i o n ,  

ana HC03 or C 1  are t h e  predominant an ions .  

The 

Type 111 water i s  preaominant ly  soaiunkcalcium c h l m i a e - s u l f a t e -  

b i ca rbona te  (Na-Ca C1-SO4-HCCI3) i n  c h a r a c t e r ,  d i l u t e  t o  s l i g h t l y  s a l i n e  

w i t h  TDS concen t r a t ions  ranging from 766 t o  1564 m y / l ,  and s l i G h t l y  ac id ic  t o  

s l i g h t l y  basic. 4- 

A l l  samples a r e  enr icheu  i n  Na w i t h  r e s p e c t  t o  o t h e r  c a t i o n s  and i n  C 1  w i t h  

r e s p e c t  t o  o t h e r  anions.  

from deeper p a r t s  of  t h e  p r i n c i p a l  aquifer which o r i g i n a t e 0  from s o l u b l e  

minera l  accumulation i n  t h e  c losed  bas in  f o r  a t  l e a s t  t h e  p a s t  1OO,OO(3 years 

(Bjorklund and McGreevy, 1974). 

BE-19, an except ion ,  i s  [:a-Na C1-SO HC03 i n  character. 

Type I11 water i s  thought t o  r e p r e s e n t  Na C 1  water 

Type IV water i s  sodium-calcium c h l o r i d e  (Na-Ca C l ) ,  sodium c h l o r i a e  (Na 

Cl> , and sodium-calcium chloriae-sulfate-bicarbonate ( Na-Ca C1-SU4-HCti3) 

i n  character. Type IV water i n c l u a e s  Wy ( k l m o n t )  Hot  Sp r ings  (E-91, 

S t ink iny  Hot Spr inys  ( B E - 4 4 ) ,  L i t t l e  Mountain Warm Spring ( B E - 4 3 ) ,  Crystal  

(Madsen) Hot  Sp r ings  (BE-37), and Utah Hot  Sp r ings  (BE-53). Type IV water i s  

s l i y h t l y  s a l i n e  t o  b r iny  w i t h  TDS concen t r a t ions  ranging f rom 2,622 t o  36,lbO 

mg/l. 

C1 w i t h  r e s p e c t  t o  o t h e r  an ions  p re sen t .  

t han  20°C are s l i g h t l y  acidic;  t h e  remaining samples are s l i g h t l y  basic. 

The water i s  highly  en r i ched  i n  Na with r e s p e c t  t o  o t h e r  c a t i o n s  ana i n  

Samples w i t h  t empera tures  g r e a t e r  

Two samples n o t  inc luded  i n  any of  t h e  f o u r  water types  are BE-49 and 

These two samples are sodium b ica rbona te -ch lo r ide - su l f a t e  (Na BE-51. 

HC03-C1-SU4) ana  sodium-calcium bicarbonate-ch lor ide-su l fa te  (Na-Ca 

HCO,-Cl-SO,) i n  character, r e s p e c t i v e l y .  

330 mg/l and 8.6 (bas i c ) ,  and values f o r  

TDS and pH values 

E - 5 1  are 114 mg/l 

f o r  B E 4 9  are 

and 7.53 ( s l i g h t l y  

3 

78 



0 .  
b a s i c ) .  

HCG3 w i t h  r e s p e c t  t o  o t h e r  an ions .  

water from Brighan C i t y  south  t o  t h e  box E lde r  County l i n e .  

l o c a t e d  ciowngradient from Type I water, and i ts  high Na con ten t  i s  a t t r i b u t e u  

t o  t h e  c a t i o n  exchange of Na f o r  the Ca and Mg o f  r echa rge  water (Type I ) ,  as  

i t  mig ra t e s  through the seuiments  (Fe th  and u t h e r s ,  1966) .  

Botti samples are en r i chea  i n  Na with r e s p e c t  t o  o t h e r  c a t i o n s ,  anu i n  

The water i s  c h a r a c t e r i s t i c  of yrouno 

The water i s  
0 

8 
Sample BE-46 i s  s l i y h t l y  basic and i s  a l s o  sodium-calcium bicarbonate-  

c h l o r i u e - s u l f a t e  (Na-Ca HCU3-Cl-SU4) i n  character, b u t  is  not  inc luded  

w i t h  samples BE-49 ana BE-51 because o f  i t s  high TUS concen t r a t ion  o f  1618 

mg/l. bE-46 i s  farttier rernovecl from t h e  recharge  a r e a  than a r e  bE-49 and 

bE-51, and t h e  high TDS con ten t  may result from t h e  longe r  r e s idence  time of  

the water wi th in  t h e  a q u i f e r .  

0 

0 
Sample BE-29 i s  unique and, t h e r e f o r e ,  was n o t  inc luded  i n  any o f  the 

previous  water  t y p e s .  

(Ca-Na C1-S04-HC03) i n  c h a r a c t e r ,  moderately s a l i n e  (3,628 mg/l TDS) ,  and 

s l i g h t l y  basic. 

c a t i o n s ,  and i n  SO4 w i t h  r e s p e c t  t o  o t h e r  an ions .  

s i g n a t u r e  i s  unknown. 

6E-29 i s  calcium-soilium ch lo r ioe - su l f a t e -  b i ca rbona te  

0 
The water i s  en r i ched  i n  Ca p l u s  Mg w i t h  r e s p e c t  t o  o t h e r  

The cause o f  t h e  chemical 

0 

Trace Elements and o t h e r  Geochemical I n d i c a t o r s  

0 
C e r t a i n  trace element concen t r a t ions ,  :Such a s  s t ron t ium (Sr ) ,  l i t h i u m  

( L i ) ,  ano boron ( b ) ,  may be h e l p f u l  t o  q u a l i t a t i v e l y  d i s t i n g u i s h  thermal from 

non-thermal waters. 

4.U4 t o  24.05 ms/l. 
equa l  t o  2.75 mg/l, with t h e  except ion  o f  BE-29 with 5.4 mg/l S r .  

concen t r a t ions  i n  Type I V  waters range froin 0.47 t o  14 mg/l, w h i l e  

c o n c e n t r a t i o n s  i n  t h e  o t h e r  water t y p e s  art? less than o r  equa l  t o  0.36 mg/l. 

Boron i s  a l s o  high i n  Type I V  waters, rang.ing from 0.5 t o  4.1 mg/l, whereas 

a l l  remaininy samples have less than  o r  equa l  t o  0.50 mg/l B. 

Stront ium concen t r a t i ims  i n  Type I V  waters range  from 

Concentrat ions i n  t h e  remaining samples are less than o r  
0 

L i t h i u m  

0 

29 



0 .  

0 

Q 

0 

a 

3 

3 

3 

3 

3 

The r a t i o  o f  Ca/HC03 ranges from near zero t o  1,000 f o r  n a t u r a l  thermal 

The q u a l i t a t i v e  comparison o f  Ca and HCG3 i s  u s e f u l  t o  d i s t i n y u i s t t  

Ca/HCOj r a t i o s  appear t o  be 

waters. 

thermal from non-thermal waters (White, 1970). 

a v i a b l e  method f o r  a i s t i n g u i s h i n g  themral waters i n  t h i s  study. 

f o r  h o t  spr ings and o ther  samples incluaecl i n  Type I V  water range from 0.88 t o  

14.76. 

with the  except ion o f  BE-29 with 3.67. 

The r a t i o s  of so lub le  cons t i tuents ,  s m h  as CUB ana Na/Li, are cornmonly 

The r a t i o s  

Ca/HC03 r a t i o s  f o r  a l l  remaining samples range from 0.04 t o  1.17, 

used as a i d s  i n  determining the  a r e a l  ex ten t  o f  a geothermal a q u i f e r  ( E l l i s  

and Mahon, 

were o f t e n  

techniques 

1977). 

below detec tab le  l i m i t s ;  there fore ,  the l i m i t e d  use o f  these 

provided no d e f i n i t i v e  r e s u l t s .  

Unfor tunate ly ,  B and L i  concentrat ions i n  the  stcloy area 

Geo thermometry 

App l icab le  

conauct ive and 

geothermometers used i n  t h i s  study are: 1) s i l i c a  (qua r t z  

chalceaony ) ; and 2) sooium-potassium-calciun ( Na-K-Ca) . 
Equations, from Fourn ie r  (1981), 

i n  se lec ted  geothermometers, a re  

Quartz (conduct ive):  

t ( O C )  = 1309 
5.19-109 Si02 

expressing the  teKperature ( t )  r e l a t i o n s h i p s  

presented below: 

- 273.15 - 

Chalcedony : 

Na-K-Ca : 

t(OC) = 1032 - 273.15 
4.69-log Si02 

t P c >  = 1647 - 273.15 

l o g  (Na/K) + 8 [ l o g  (Cal/*/Na) + 2.061 + 2.47 

where: B = 1 /3  f o r  t grea te r  than 100°C 
ti = 4/3 f o r  t less than 100°C 
SiO2, Nay K, anu Ca concentrat ions are  i n  mg/l 

3 



3 
The r e l i a b i l i t y  o f  t h e  Si02 and Na-K-Ca geothermometers depencls upon 

0 

a 

0 

f i v e  assumptions (Fourn ier  and o t h e r s ,  197'4) . These assuniptioris a r e :  

1. 

2. 

3 .  

4.  

5 .  

temperature-uepenuent reac t ior i s  occur  a t  depth ,  

a l l  c o n s t i t u e n t s  involved i n  the temperature-dependent r e a c t i o n s  a r e  

s u f f i c i e n t l y  abundant,  

water-rock chemical e q u i l i b r a t i o n  occurs  a t  t h e  r e s e r v o i r  

tempera ture ,  

l i t t l e  or  no e q u i l i b r a t i o n  o r  change i n  composition occurs  a t  lower 

tempera tures  a s  ttie water flows from t h e  r e s e r v o i r  up t o  ttie s u r f a c e ,  

ana 

t h e  ho t  water coming from aeep i n  t h e  system does no t  mix  w i t h  

c o o l e r ,  shal low yrouno water. 

Fourn ier  and P o t t e r  (1979) b e l i e v e  t h a t  t h e  Na-K-Ca geotherrnometer g i v e s  

anomalously high r e s u l t s  f o r  waters r i c h  i n  My. 

c o r r e c t i o n  f o r  My-rich waters which can be used when: 

They de r ived  a temperature  

3 

(1) Na-K-Ca temperature  equa l  t o  o r  yreater than 7OoC, ana  

(2) R equa l  t o  o r  less than  50 
H =  Mg x 100 

Mg + Ca + K 
cp 

8 

A g r a p h i c a l  method i s  used t o  o b t a i n  t h e  temperature .  

Most low-temperature thermal  systems occur  i n  hyaro logic  regimes which 

p rec lude  a l l  o r  some o f  t h e  f i v e  assumptiolns. 

area,  where warm water a r e a s  r e s u l t  from tl7e mixing of  h o t t e r  water w i t h  c o o l  

water from near-surface a q u i f e r s .  

yeothermometer i s  yene ra l ly  n e g l i g i b l e  if the  h igher  temperature  geothermal 

water i s  more s a l i n e  than  t h e  d i l u t i n g  watlir. 

30 pe rcen t  or less, however, t h e  effects o f  mixing should be cons iderea .  

Mg-corrected Na-K-Ca geothermometer i s  sub<ject t o  e r r o r  from t h e  cont inued  

water-rock r e a c t i o n  as  ascending water co0 .1~  (Fourn ie r ,  1981). 

Mixing occur s  i n  t h e  s t u d y  

The e f f e c t  of  d i l u t i o n  on t h e  Na-K-Ca 0 

I f  t h e  warm water component i s  

The 0 
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Quartz i s  t h e  most s t ab le  and l ea s t  s o l u b l e  polymorphic form o f  s i l i c a  i n  

t h e  temperature and p res su re  range of  low-ternperature geothermal systerns. 

Ground waters less than  80' t o  9OoC, have s i l i c a  concen t r a t ions  g r e a t e r  
0 

than t h o s e  p r e d i c t e d  by t h e  s o l u b i l i t y  o f  quar t z ,  i n d i c a t i n g  t h a t  these 

low-temperature waters may have e q u i l i b r a t e d  w i t h  chalcedony (Fourn ie r ,  

1981). 

a temperature  of less than  100°C, t h e  s i l i c a  con ten t  of  t h e  water i s  a 

8 
Fourn ie r  (1977) sugges t s  tha t  i f  the Na-K-Ca geothermorneter i n d i c a t e s  

3 

func t ion  o f  chalceaony s o l u b i l i t y .  

s i l i c a  temperature should be  c a l c u l a t e d  assuming t h e  s i l i c a  con ten t  i s  a 

f u n c t i o n  of  q u a r t z  s o l u b i l i t y .  I n  I ce l and ,  Arnorsson (1975) found t h a t  when 

b n a i s s o c i a t e d  s i l i c a  i s  less than  60 m y / l ,  t h e  s i l i c a  temperature refers t o  

equ i l ib r ium w i t h  chalcedony, and t h a t  between 60 and 250 mg/l Si02, i t  i s  

urlknown whether chalcedony o r  quartz governs t h e  amount o f  s i l i c a  i n  t h e  

system. 

tempera tures  are g iven  i n  tab le  3. 

c o o l e r  water, a new water rock chemical equ i l ib r ium may o r  may n o t  be  a t t a i n e d  

a f t e r  mixing. 

s i l i c a  yeothermo- meter w i l l  g ive  a temperature  t h a t  i s  t o o  low and,  

therefore, mixing rnust be  accounted f o r  (Fourn ier ,  1981). 

For temperatures g r e a t e r  than 100uC, t h e  
3 

3 

Due t o  t h i s  disagreement on silica form, both chalceaony anu q u a r t z  3 
When ascending warm water i s  d i l u t e d  by 

I f  chemical equ i l ib r ium i s  riot a t t a i n e d ,  a p p l i c a t i o n  of the 3 

Measured tempera tures  and c a l c u l a t e d  geothermometer temperatures f o r  wells 

and s p r i n g s  sarnpled wi th in  t h e  s tudy  area are g iven  i n  tab le  3. 

c o n c e n t r a t i o n s  range  from 6 t o  79 mg/l, r e g a r d l e s s  o f  t empera ture ,  making most 

s i l i c a  geothermometer tempera tures  ( q u a r t z  and chalcedony) erroneous.  For 

many p a r t s  of  the s tudy  area, s i l i c a  c o n c e n t r a t i o n s  f o r  thermal water a r e  much 

lower than f o r  ad jacen t  non-thermal water. 

models of Fourn ier  (1977) and Truesdell and Fournier  (1977) were unsuccessfu l  

because s i l i c a  concen t r a t ions  f o r  non-thernial water are much g r e a t e r  than f o r  

thermal water. 

S i l i ca  

3 

Attempts t o  apply the mixing 

3 

3 
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3 
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3 

3 

3 

3 

3 

Table 3. Chemical geothermometers with magnesium c o r r e c t i o n  where app l icab le ,  
and sur face temperatures f o r  water i n  (OC) f o r  w e l l  and sp r ing  
samples i n  the  lower Bear R iver  drainage and east  shore ground-water 
areas, Box E laer  County, Utah 

Meas.!/ Quar tz  Na -K- Ca 
Sample Temp. (Conductive) Chalcedony Na-K-Ca (Mg co r r .  ) 
E-1 17 42 10 * * 
BE -2 15 62 29 37 
bE -3 ' 15 63 31 35 
BE-4 11 77 45 95 
BE-5 15 67 35 97 
BE -6 15 75 44 70 
BE-7 12 105 75 164 
BE -8 16 118 90 197 
BE-9 (Udy HS) 42 1U8 79 163 
BE-11 15 103 73 230 
bE-12 11 103 73 224 
BE-13 14 43 62 8a 
BE-14 18 119 90 61 
BE-15 17 78 47 36 
BE-16 13 1b9 7v 48 
BE-17 14 83 52 38 
BE -18 11 107 78 84 
BE-19 14 63 31 37 
BE -2 0 16 65 33 49 
BE -21 18 69 37 77 
BE-24 19  63 31 146 
BE -2 5 17 60 27 97 
BE-26 14 105 75 59 
BE -2 7 16 118 90 72 
BE-28 11 108 79 83 
BE-29 17 95 64 62 
BE-30 12 70 39 95 
BE-31 14 117 8a 83 

BE-33 14 66 29 98 
BE -3 2 21 99 69 69 

BE-34 18 113 84 69 
BE-35 11 88 57 184 
BE-36 18 99 69 91 
BE-37 ( C r y s t a l  HS) 46 70 39 180 
BE-38 15 1ti5 76 169 
E - 3 9  19 86 55 152 
B E 4 2  16 60 27 130 
8E-43 ( L i t t l e  Mtn HS) 41 70 39 170 
B E 4 4  (S t i nk ing  HS) 44 93 62 178 
BE-46 22 124 96 136 
BE-47 15 51 18 31 
E - 4 9  17 42 10 156 
BE-51 13 24 -9 70 
Utah HS 56 82 51 231 

Explanat ions f o r  symbols are found on f o l l o w i n g  page ( 3 4 ) .  

+ 
+ 
42 
44 
53 

R,> 50 
33 
68 

R 7 5 0  
R ?50 
33 
+ 
+ 
+ 
+ 
44 
+ 
+ 
40 
36 
41 

45 
49 

35 
45 

37 

R 7 5 0  
37 
81 

R 7 5 0  
27 
24 
62 
44 

R 7  50 

53 
68 

222 

+ 

+ 

+ 

+ 

+ 

2 2  
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Explanat ions f o r  Table  3 (page 3 3 ) :  

/I Measured tempera tures  g r e a t e r  than or  equa l  t o  20°C a r e  r e f e r r e d  t o  a s  
thermal  waters .  

* i n a i c a t e s  K n o t  p r e s e n t  or below d e t e c t i o n  l i r n i t  which p rec ludes  t h e  use of 
t h e  Na-K-Ca yeot t ienometer .  

8 
R>50 i n d i c a t e s  the underground water teiinperature i s  probably equa l  t o  t h e  

measured temperature .  

+ i n o i c a t e s  rJa-K-Ca temperature  less thaii 7OoC ; t h e r e f o r e ,  t h e  Mg-correction 
aoes  no t  apply.  

3 

3 

3 

3 

3 

3 

3 

3 
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3 

Na-K-Ca tempera tures  a r e  a l s o  somewhat uncer ta in .  The computed 

temperatures  f o r  non-thermal samples range from 31' t o  23OoC. 

temperatures  f o r  thermal samples ranye from 69' t o  2 3 1 O C .  

Na-K-Ca 

The range o f  

t empera tures  f o r  thermal and non-thermal samples is  q u i t e  s i m i l a r .  

My-corrected Na-K-Ca tempera tures ,  w t  iere a p p l i c a b l e  f o r  the above 

non-thermal group of  samples,  ra rqed  from 24 0 t o  6 8 O C .  Samples w i t h  high 

big concen t r a t ions  have k values  g r e a t e r  than 50, i n d i c a t i n g  t h a t  t h e  

unaerground water temperature  is  equa l  t o  t h e  measured temperature .  

BE-39 has a big-corrected temperature  of  oi-ily 27'C, b u t  has a s i g n i f i c a n t l y  

h igh  concen t r a t ion  of Mg (76 mg/l) .  

Sample 

T h i s  i n d i c a t e s  t h a t  water-rock r e a c t i o n  

may have occurred a s  t h e  water cooied,  thlereby s u b j e c t i n g  t h e  c o r r e c t i o n  t o  

e r r o r  and i n a i c a t i n g  t h e  nun-corrected temperature  of 152 C may be more 0 

accurate. Where a p p l i c a b l e ,  t h e  Mg-correlAea temperatures  f o r  thermal  samples 

ranye from 6 8 O C  t o  222OC. 

Although t h e  r e s u l t s  ob ta ined  from t h e  three geothermometers are 

cons idered  s u s p e c t ,  comparisons of h o t  s p r i n g s  samples and thermal water 

samples  merit diSCUSSiOn. 

c o l l e c t e a  a t  Udy Hot Spr ings  roughly compares t o  t h e  79OC chalcedony 

temperature .  

Hot Spr ings  (BE-37) ag rees  w i t h  t h e  q u a r t z  (conduct ive)  temperature  o f  

7OoC. 

The 68OC Mg-co:crected temperature  f o r  sample B-9 

0 The 81 C Mg-corrected temperature  ae r ived  f o r  Crystal (bladsen) 

The Mg concen t r a t ion  f o r  t h i s  sample i s  exceedingly high (159 mg/ l ) ,  

however , i n d i c a t i n g  t h a t  water-rock r e a c t i o n s  probably occurred  a s  t h e  

ascending thermal water cooled ,  and inval.LUates t h e  big-correction. The 

Na-K-Ca temperature  of  1 8 O o C  f o r  BE-37 i s  s i g n i f i c a n t l y  h igher  than a l l  t h e  

o t h e r  geothermometer temperatures .  L i t t l c ?  Mountain Warm Spr ing  (8E-43)  and 

S t ink ing  Hot Spr ings  (BE-44) have extreme:!y high Mg concen t r a t ions  (321 and 

3 

3 213 mg/l, r e s p e c t i v e l y ) ,  i n d i c a t i n g  t h a t  water-rock r e a c t i o n  occurred dur ing  

3 
35 



8 

0 

3 

3 

3 

3 

3 

3 

the ascension o f  t he  thermal water. 

Na-K-Ca temperatures ana the s i l i c a  yat t ier r iometer  temperatures f o r  B E 4 3  and 

BE-44. 

nig/l) , b u t  the  big-correction made l i t t l e  d i f f e rence ,  lower ing  the temperature 

from 231' t o  222'C. 

5 i ° C  (chalceaony) and 82OC (quar tz )  s i l i c a  geothermometer temperatures. 

Thermal sanlple BE-32 has a Na-K-Ca temperature o f  69'C which agrees with the  

There i s  poor agreement between the  

The Mg concent ra t ion  f o r  Utah Hot Sprinys (Sample UHS) is low (24 

These temperatures are  s i g n i f i c a n t l y  h igher  than the  

69OC chalcedony temperature. 

o f  136OC; however, t h e  Mg-correction has an R value greater  than 50 

i n d i c a t i n g  t h a t  the  temperature a t  depth i s  no grea ter  than' 2Z0C, thereby 

i n v a l i d a t i n y  the  Na-K-Ca temperature. 

Thermal sample BE-46 has a Na-K-Ca temperature 

TEMPERATURE-DEPTH MEASUREMENTS 

Temperature-aepth measurements and temperature grad ien ts  a re  u s e f u l  i n  

e x p l o r a t i o n  f o r  geothermal resources s ince  they can ae tec t  thermal anomalies 

(Lauyhl in ,  1982). 

conduc t i v i t y .  Heat f low i s  the  conouctive t r a n s f e r  o f  heat from the e a r t h ' s  

i n t e r i o r  and, there fore ,  the  sur face expression o f  geothermal cond i t i ons  a t  

depth. For a g iven heat f low, the temperature grad ien t  i s  i n v e r s e l y  

p r o p o r t i o n a l  t o  the  thermal c o n d u c t h i t y  o f  the  m a t e r i a l  through which the  

heat i s  be ing t ransmi t ted  by conauction (Idappelmeyer and Haenel, 1974). 

shal low depths, temperature graa ien ts  are a f f e c t e d  by sur face cond i t i ons  such 

as temperature and p r e c i p i t a t i o n .  These e f f e c t s  a re  e l im ina ted  below 30 m i n  

depth (Kappelmeyer and Haenel, 1974). Teinperature measurements are s t rong ly  

i n f l uenced  by the  movement o f  ground water (sometimes t o  depths o f  thousands 

o f  meters), and i t  should always be recognized t h a t  temperature grad ien ts  are 

Temperature graa ien ts  are a f f e c t e d  by heat f l o w  and thermal 

A t  
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v a l i d  only f o r  conuuct ive heat t r a n s f e r  a'nd that  v e r t i c a l ,  a s  well a s  

h o r i z o n t a l ,  convect ion can upse t  t h e  e x t r a p o l a t i o n  of  temperature  informat ion  

(Laughl in ,  1982; Lumb, 1981). 

Temperature-depth measurements were made i n  12  shal low,  abandoned, 

steel-casea, water and o i l  wells i n  t h e  nor thern  po r t ion  of t h e  lower Bear 

River dra inage  a r e a  ( P l a t e  2 ) .  

t h e  s t u d y  a r e a  a long  t h e  Wasatch Range were a r t e s i a n  and, t h e r e f o r e ,  n o t  

su i t ab le  f o r  temperature-depth logging.  

t he rmis to r  probe connecteu by a f o g r  wire conf igu ra t ion  t o  a d i g i t a l  

ohmmeter. 

ohms a t  20 OC, power d i s s i p a t i o n  of  50m hK-' i n  s t i l l  water, ana a 

~ response time of f i v e  seconds was useu.  Temperature readings  were taken a t  

2.5 m i n t e r v a l s  i n  water and a t  5 m i n t e r v a l s  i n  a i r ,  a f t e r  t h e  temperature  

had s t a b i l i z e d  a t  each p o s i t i o n .  

Gradien ts  were c a l c u l a t e d  using l i n e a r  re lJression,  with s tanuard  e r r o r .  The 

l o c a t i o n  and calculated g r a a i e n t s  of  each ho le  are l i s t e d  i n  tab le  4,  and t h e  

temperature-depth data are i n  Appendix C. 

p r e s e n t e d  i n  f i y u r e s  3 through 5 and grouped on t h e  b a s i s  o f  g e o g r a p h i c  

proximity.  

The few w e l l s  p r e s e n t  i n  t h e  southern  p a r t  of  

Temperatures were measured w i t h  a 

A Fenwal Kiil2E the rmis to r  proble w i t h  a nominal r e s i s t a n c e  of  10,000 

The ho le s  ranged i n  depth from 30 t o  184 m. 

Temperature-oepth p r o f i l e s  are 

a 

3 

3 
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. Table 4. Geothermal g rad ien t  tiata, lower Bear R iver  arainage area, Utah 

USGS 71/2' Wel l  L a t i t u d e  Longitude E leva t i on  Depth Calc. 

Quadrangle 
Topog . (m) i n t e r v a l  for  graa ien t  

c a l c u l a t e d  O C / k n  
g raa ien t  (m) 

Bl i na  BEP-1 41°45'12" 
Springs 

112O17 21" 1,377 10-3 7 64 +/- 8 

Rive r  sicie bEP-2 41'47 '4311 112'9 7" 

112O2 5" 

1,342 

1,565 

25-35 27 +/- 8 

C u t l e r  BEP-3 41O48'14" 
Dam 

45-80 135 +/-3G 

Portage BEP-4 41°5213211 

Tremonton BEP-5 41°4313011 

112°915511 

112'13 42" 

1,353 

1,357 

30-42.5 140 +/- 6 

Gl--30-41.5 34 +/- 3 
G2--15-41.5 22 +/- 3 

Thatcher BEP-6 4lo43'1Zt1 
Mountain 

112'17 46" 1,370 3 5-8 6 18 +/- 2 

Thatcher BEP-7 41'43 
Mountain 

1,371 G1--25-60 21 +/- 2 
G2--65-85 13 +/- 1 

Rive rs iae  BEP-9 41°5013511 112010 13" 

112°3'1111 

1,362 

1,391 

25-72 129 +/-lo 

C u t l e r  BEP-10 41'48'45" 
Dam 

10-8 7.5 11 +/- 3 

Portage BEP-11 41°5412111 

Dam 
C u t l e r  BEP-12 41°49'24" 

11Z09' 8" 

112'4 0" 

1,501 

1,369 

95-127.5 10 +/- 3 

Gl--107.5- 65 +/- 7 
167.5 

184 

184 

G2--172.5- 380 +/-29 

G3--102.5- 113 +/-63 

Rive rs ide  BEP-13 41°5011411 112°1L, 64" 1,400 10-30 185 +/-25 
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The average  thermal  g r a d i e n t  i n  t h e  B a s i n  ana Range Province i s  35 
0 C/km. Thermal a a t a  from seven h o l e s  neaI' Ceaar C i t y ,  Utah i n a i c a t e  an 

average  thermal  g r a a i e n t  of  27 "C/kni i n  this a r e a  of t h e  Basin ana Range 

(Sass  a m  o t h e r s ,  1971). 

ana Wright (1973) from a r i l 1  h o l e  o a t a  i n  Jordan  Val ley ,  nea r  S a l t  Lake C i t y .  

T h i s  high va lue  i s  thought  t o  reflect  t h e  low thermal  c o n d u c t i v i t y  of 

unconsol iaa ted  Lake Bonnevi l le  d e p o s i t s  (Cos ta in  ana Wright,  1973). 

t empera ture-depth  d a t a  c o l l e c t e a  i n  t h e  lower Bear River a ra inage  a r e a  i s  

taken  from wells l o c a t e d  i n  t h e  unconso l i aa t ea  sediments ,  a l luv ium,  and 

colluvium compris ing t h e  v a l l e y  f i l l ;  consequent ly ,  a g r a d i e n t  o f  g r e a t e r  than 

o r  equa l  t o  60 OC/km i s  cons idered  anomalous. 

0 
A g a a i e n t  of  57.7 C/km was c a l c u l a t e d  by Cos ta in  

The 

Ca lcu la t ed  g r a d i e n t s  f o r  t h e  12 wells i n  t h e  lower bear  River d ra inage  

b a s i n  ranye  from l U  +/- 3 'C/km t o  380 +/- 29 OC/km. 

were only found a t  s i tes  BEP-1, 3, 4,  9, 1 2 ,  and 13, and a r e  discussed below. 

Anomalous g r a a i e n t s  

BEP-4, BEP-9, and BEP-13, i n  t h e  v i c i n i t y  of Udy (Belmont) Ho t  Sp r ings ,  

have anomalous thermal  g r a a i e n t s  ( f i g .  3 ) .  

a e p t h s  of 30 and 42.5 meters (98 ana 139 f t )  i n  BEP-4, s u y y e s t  an a r e a  of 

conauc t ive  heat f low between two a r e a s  of  convec t ive  h e a t  f low,  as  i s  

The two i n f l e c t i o n  p o i n t s  a t  

ind ica ted  by the  i so the rma l  g r a d i e n t s  abovle and below t h e  i n f l e c t i o n  p o i n t s .  

The g r a a i e n t  calculated f o r  t h e  conduct ive  h e a t  flow i n t e r v a l  i s  140 +/- 6 

0 C/km. 

C/km, r e s p e c t i v e l y ,  a r e  i n d i c a t i v e  of  conlJuctive h e a t  flow. 

The g r a d i e n t s  f o r  BEP-9 and BEP-13 of  129 +/- 10 and 185 +/- 25 
0 

Two wells w i t h  anomalous g r a d i e n t s  a r e  a l s o  p r e s e n t  e a s t  and n o r t h e a s t  of 

F i e l d i n g  ( f i g .  4 ) .  

c a l c u l a t e d  i n  what appears  t o  be a conduct.ive heat flow area, below a s h o r t  

i n t e r v a l  of  convec t ive  h e a t  flow between 315 and 45 meters. Three g r a d i e n t s  

The g r a a i e n t  of 135 +/- 30 OC/km f o r  BEP-3 was 

were c a l c u l a t e d  f o r  BEP-12 which is l o c a t e d  approximately 1.2 m i  west of t h e  

3 
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Temperature ( ‘C)  

Figure 3.  Temperature-depth profiles of BEP 4,9, 11, and 13 logged in the 
lower Bear River drainage area in Box Elder County, Utah. 
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Figure 4. Temperature-depth profiles ol'BEP 2 , 3 ,  10, and 12 logged in the 
lower Bear River drainage area in Box Elder County, Utah. 
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l o c a t i o n  f o r  Cutler Warm Spr ings .  

from 107.5 t o  167.5 m ,  i n d i c a t e s  conductj.ve heat flow and i s  thought t o  be 

f a i r l y  r e p r e s e n t a t i v e  of the a r e a .  

c a l c u l a t e d  a t  a y r e a t e r  depth (172.5 t o  1.84 m ) ,  could reflect a s e p a r a t e  

a q u i f e r  which c o n t a i n s  warm water moving l a t e r a l l y ,  perhaps i n  r e l a t i o n  t o  

f a u l t s  wi th in  t h e  nor thern  Wasatch f a u l t  system. 

c a l c u l a t e d  from t h e  ena p o i n t s  of  g r a a i e n t s  i l l and #2. 

a s s o c i a t e d  w i t h  t h i s  g r a a i e n t ,  113 +/- 6 3  OC/km,  l e s s e n s  i ts  v a l i d i t y .  

A g r a d i e n t  of 65 +/- 7 OC/km, c a l c u l a t e d  

The high g r a d i e n t  o f  380 +/- 29 OC/km 

Gradien t  #3 i s  t h e  composite 

The l a r g e  e r r o r  

Only one well provea t o  be anomalous i n  t h e  v i c i n i t y  of Bothwell  Warm 

Spr ings  ( f i g .  5 ) .  

g r a d i e n t  of 64 +/- 8 OC/km c a l c u l a t e d  i n  an area i n d i c a t i v e  of  conduct ive 

hea t  flow. 

BEP-1, 2.7 m i  nor thwest  o f  Bothwell Warm Spr ings ,  has  a 

DISCUSZ'ION 

P r i o r  t o  t h i s  s tudy ,  t h e  fo l lowing  low-temperature geothermal systems were 

known i n  t h e  lower Bear River and east shore  ground-water a r e a s  i n  Box Elder  

County: (1) UUY (Belmont) Hot Spr ings ,  (2) Crystal (Fadsen) Hot Spr ings ,  ( 3 )  

Utah Hot Spr inys ,  ( 4 )  St ink ing  Hot Spr inys ,  ( 5 )  Li t t le  Mountain Warm Spr ing ,  

(6) Cut l e r  Warm Spr ings ,  and ( 7 )  Bothwell Warm Spr ings .  The purpose o f  t h i s  

s t u d y ,  however, is  t o  detect unknown low-temperature geothermal systems, o r  t o  

f u r t h e r  expand on known systems. Three areas are i d e n t i f i e d  which warrant  

f u r t h e r  i n v e s t i g a t i o n  f o r  low-temperature geothermal r e source  p o t e n t i a l .  

Area 1, northwest  o f  Litt le Mountain, is i d e n t i f i e d  s o l e l y  by geochemical 

techniques  on t h r e e  samples,  as  no s u i t a b l e  temperature-uepth ho le s  could be 

l o c a t e a .  

S t ink ing  and Litt le Mountain thermal  s p r i n g s ,  t h e  entire area has been 

Because t h e  area may be p a r t  of  t h e  same geothermal system supply ing  

d e l i n e a t e d  a s  having thermal p o t e n t i a l  on P l a t e  2. 

o f  samples c o l l e c t e d  northwest  o f  Lit t le Mountain i n  a r e a  1 are similar t o  

Common i o n  concen t r a t ions  
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Figure 5. Temperature-depth profiles of BEP 1,5,6,  and 7 logged in the lower 

Bear River drainage area in Box Elder County, Utah. 
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0 those  f o r  thermal samples.  Sample 6E-39, al though only 19 C ,  i s  a l s o  Na-Ca 

C 1  i n  character. 

Trace element ana lyses  f o r  samples inc luded  i n  a r e a  1 have anomalous 

concen t r a t ions  o f  S r ,  L i ,  and U, which may be i n d i c a t i v e  of thermal  water. 

Stront ium concen t r a t ions  f o r  BE-39, BE-40, and B E - 4 1  are 4.04 mg/l and 

g r e a t e r ,  and compare wi th  concen t r a t ions  f o r  samples from o t h e r  thermal  

s p r i n g s  which range  from 5.09 t o  24.05 m { j / l .  

BE-39, BE-40, and BE-41 range from 0.47 t o  1.25 mg/l and compare w i t h  

concen t r a t ions  f o r  a l l  t h e  warm and ho t  s p r i n g s  i n  t h e  s t u d y  a r e a  (0.80 t o  

14.00 m y / l ) .  

1.2 mg/l, whereas concen t r a t ions  f o r  t h e  thermal s p r i n g s  range from 0.8 t o  

14.W nry/l. 

L i t h i u m  concen t r a t ions  f o r  

Boron concen t r a t ions  f o r  these three samples range from 0.5 t o  

Ra t ios  o f  Ca/HC03, al though n o t  a s  d e f i n i t i v e ,  do provide  ev iaence  of  a 

p o s s i b l e  thermal anomaly i n  area 1. 

0.88 t o  1.67. 

t o  14.76, whereas t h e  range f o r  a l l  t h e  o t h e r  samples (ex luding  BE-29 w i t h  

3.67) i s  from 0.U4 t o  1.16. 

Ca/HC03 r a t i o s  i n  a r e a  1 range from 

The ranye f o r  a l l  the thelnial s p r i n g s  i n  t h e  s t u d y  area i s  1.49 

R e s u l t s  of previous  s t u d i e s  a t  Udy (Elelmont), Crystal  (kadsen) ,  and Utah 

ho t  s p r i n g s ,  as w e l l  as a t  o the r  s i t e s  a long the Wasatch Front ,  i n d i c a t e  t h a t  

low-temperature thermal systems are convc 'c t ive,  r e s u l t i n g  from t h e  deep 

c i r c u l a t i o n  of meteor ic  water. 

Mountain Warm Spr ings ,  and o t h e r  thermal  anomalies i n  t h i s  s t u d y  are a l s o  

heated by convect ion.  

l o c a t i o n s  of  these thermal anomalies  by provid ing  t h e  necessary condui t s .  

F a u l t s  and/or  fau l t  zones p rov iae  condu i t s  f o r  deep c i r c u l a t i o n .  

It appears  that  S t ink ing  Hot Spr ings ,  L i t t l e  

S t r u c t u r e  p l ays  a s i g n i f i c a n t  r o l e  i n  c o n t r o l l i n g  t h e  

Two i n f e r r e d  

f au l t s  i n  t h e  v i c i n i t y  o f  area 1, northwest  o f  L i t t l e  Mountain, are l o c a t e d  by 

bjOrklUnd and kcGreevy (1974). The o r i e n t a t i o n s  of these f a u l t s  i n d i c a t e  a 

9 
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p o s s i b l e  f a u l t  i n t e r s e c t i o n  i n  a r e a  1. 

i n t e r s e c t i o n  of t h e  two f a u l t s ,  may proviide a condui t  f o r  t h e  thermal water t o  

rise ana mix w i t h  t h e  p r i n c i p a l  a q u i f e r  before  being i n t e r c e p t e d  by wells. 

Furthermore,  the area may be p a r t  of a l a r g e r  system which a l s o  s u p p l i e s  

S t ink ing  Hot Spr ings  and L i t t l e  Mountain Warm Sprinys.  

The brecciated zone c r e a t e d  by t h e  

Chemical yeothernometry conoucted f o r  t h e  L i t t l e  Mountain a rea  i n d i c a t e s  

similarities between BE-39, L i t t l e  Mountain, and S t ink ing  Hot Spr inys  

samples.  

176' and 179OC tempera tures  f o r  Li t t le  Mountain Warrn Spr inys  and S t ink ing  

Hot Spr ings .  

thermal s p r i n y s  are similar t o  t h e  surface tempera tures  measured, which may 

i n a i c a t e  t h a t  tempera tures  a t  aep th  i n  this geothermal system are similar t o  

these surface temperatures .  

however, i n d i c a t e  t h a t  water-rock r e a c t i o n s  cont inue  as  t h e  heated water 

ascends  and i s  coolea .  

low. 

the My-corrected and t h e  non-correctea Na-K-Ca temperatures .  

The Na-K-Ca temperature  of  152°C f o r  BE-39 i s  s imilar  t o  t h e  

The (Mg) c o r r e c t e d  Na-K-Ca temperatures  computed f o r  these two 

I 

The high Mg concen t r a t ions  f o r  these two samples,  

I f  this occur r s ,  t h e  My-corrected tempera tures  a r e  t o o  

The tempera tures  l i k e l y  t o  be expected a t  depth are somewhere between 

The remaining two areas ( P l a t e  2) having p o s s i b l e  geothermal p o t e n t i a l  are  

i d e n t i f i e d  from temperature-depth logging .  Chemical ana lyses  of a v a i l a b l e  

well and/or  s p r i n g  samples,  are n o t  anomdous.  

Area 2 i s  l o c a t e d  west and southwest  of Plymouth, Utah. The a r e a  i n c l u d e s  

Udy (Belmont) Hot Spr ings .  

system i n d i c a t e d  by t h e  temperature-oepthl logs. 

d r i l l e d  a s  p a r t  o f  Murphy ana Gwynn's (2579) s tudy  o f  Udy Hot Spr ings .  

first ho le  (Uay/GH-A) flowed a r t e s i a n  and no temperature-depth p r o f i l e  was 

publ i shed .  Temperatures recoraed a t  t h e  c o l l a r  of  t he  ho le  over  a 4.5 month 

pe r iod  vary from 1 8 . 8 O C  on 1-22-79 t o  27% on 6-8-79. 

Udy may be a s u r f a c e  man i fe s t a t ion  of a l a r g e r  

Two g r a d i e n t  h o l e s  were 

The 

The temperature-  
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depth l o g  o f  t h e  second ho le  g i v e s  a computed g r a d i e n t  of 330°C/km. 

maximurn temperature  f o r  this l o g  i s  44OC a t  a depth of approximately b l  m. 

Temperature-depth ho le s  BEP-9 and UEP-13 have maximum c a l c u l a t e a  g r a d i e n t s  of  

129' and 185°C/kn, r e s p e c t i v e l y .  

h ighe r  than the 57.7OC/km calculated f o r  unconsol idated secliments i n  the 

Joraan Valley by Cos ta in  and Wright (1973), and compared w i t h  t h e  27OC/km 

cons idered  t o  be average f o r  t h i s  p a r t  of t h e  bas in  and Range by Sass  and 

o t h e r s  (1971). 

depth of  30 m y  making t h e  c a l c u l a t e d  g r a d i e n t  suspec t  due t o  t h e  p o s s i b l e  

a f f e c t s  o f  a tmospheric  temperature  and p r i c i p i t a t i o n  i n  the  upper 30 m .  

BEP-9, however, l o c a t e d  1.4 m i  north-northwest of  BEP-13, appears  t o  have a 

conduct ive  g r a d i e n t  t o  a depth o f  72 m and has  a bottom temperature  o f  

24.2OC. The heat sou rce  f o r  t h i s  g r a d i e n t  may be t o  the west, because 

recharge  t o  the a q u i f e r  supplying t h i s  well i s  t o  t h e  west. 

no r th  o f  Udy Hot Spr ings ,  has a maximum bottom ho le  temperature  of  1 8 . 9 O C .  

The g r a d i e n t  of 140 - + 6'C/km f o r  t h i s  p r o f i l e  i s  calculated between 30 and 

42.5 m i n  uepth ,  w i t h  convec t ive  i n t e r f e r e n c e  above and below t h i s  i n t e r v a l .  

The l a s t  p o i n t  measured i n d i c a t e s  a condutctive zone could exist  below t h e  

d e p t h  o f  t h i s  p r o f i l e .  The y r a u i e n t  calcidatea f o r  t h i s  p r o f i l e  i s  

s p e c u l a t i v e ,  bu t  with a 19OC bottom ho le  temperature  i n  t h e  v i c i n i t y  of Udy 

Hot Spr ings ,  f u r t h e r  i n v e s t i g a t i o n  o f  t h i s  drea is warrantea.  

The 

These two g r a d i e n t s  are s i g n i f i c a n t l y  

BEP-13 has  a iliaximum bottom ho le  temperature  o f  14.9OC a t  a 

bEP-4, l o c a t e d  

Area 3, i d e n t i f i e d  as  having low-templirature geothermal p o t e n t i a l  based on 

temperature-depth logyiny ,  is l o c a t e d  west and sou th  o f  Cutler Dam. 

l o c a t e d  approximately 2 m i  west o f  t h e  aaiii, i n d i c a t e s  convec t ive  i n t e r f e r e n c e  

t o  a depth of  107.5 m. Below t h i s  depth two g r a d i e n t s  are apparent .  From 

107.5 t o  167.5 m y  a g r a d i e n t  o f  65'C/km i s  c a l c u l a t e d ,  which i s  somewhat 

c o n s i s t e n t  w i t h  the background y rau ien t  o f  57.7OC/krn. 

g r a d i e n t  of 380°C/km is c a l c u l a t e d  which is s i m i l a r  t o  t h e  g r a d i e n t  

BEP-12, 

Below 107.5 m ,  a 
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calculated by Murphy and Gwynn (1979) f o r  Udy Hot Spr ings .  

extremely niyt-1, and may be t h e  result of hea t  flow recovery r e s u l t i n g  from 

T h i s  g r a d i e n t  i s  

convec t ive  i n t e r f e r e n c e  a t  a sha i lower  w p t t i .  

21.5 C ,  however, is  somewhat encouraging. BEP-3 l o c a t e d  approximately 2.6 

r n i  sou th-southeas t  of  Cutler Dam has a c (3 lcu la ted  g rad ien t  of  135'C/km from 

a aepth  of 40 m t o  t h e  t o t a l  depth loggeld of  80 m. BEP-10, l o c a t e d  between 

bEP-12 and BEP-13, only  tias a c a l c u l a t e d  g rad ien t  of 1l0C/km w i t h  a bottom 

h o l e  temperature  of  19.6OC a t  87.5 m. 

t h i s  area are h ighly  s p e c u l a t i v e  a t  p r e s e n t ,  t h e  data merits f u r t h e r  

i n v e s t i g a t i o n .  

s i g n i f i c a n t  f a u l t  t h a t  could c o n t r o l  t h e  l o c a t i o n  of these warm a r e a s  has  been 

i d e n t i f i e d .  

The bottom ho le  temperature  of 
0 

Althouyh t h e  g r a d i e n t s  c a l c u l a t e u  f o r  

S t r u c t u r a l  c o n t r o l s  i n  this a rea  are no t  yet unaerstood.  luo 

CClNC LU5IOKS 

Three a r e a s  of p o s s i b l e  low-temperature geo thernial r e sources  a r e  

i d e n t i f i e d  i n  t h e  s tuay  area. 

i u e n t i f i e d  by geochemical techniques .  

temperature-depth logging ,  and t h e  i n t e r p r e t a t i o n  i s  somewhat specu la t ive .  

Fu r the r  r e sea rch  i s  neeaed i n  each of  t hese  areas t o  determine i f  a geothermal 

r e s o u r c e  e x i s t s .  Addi t iona l  s t u d i e s  need t o  be conducted to :  1) determine 

t h e  s t r u c t u r a l  c o n t r o l s  ana sou rce  o f  t h e  thermal f l u i d s ,  2) d e l i n e a t e  t h e  

a i s t r i b u t i o n  of these f l u i d s  i n  t h e  near  s u r f a c e ,  and 3 )  determine t h e  maximum 

temperature  and volurrie o f  these f l u i d s .  

One area,  northwest  of  L i t t l e  Mountain, i s  

The o t h e r  two a r e a s  are i d e n t i f i e d  by 

Th i s  s tudy  is  l imi t ed  i n  scope and can only  i d e n t i f y  geothermal anomalies 

The l a c k  of evidence f o r  a f f e c t i n g  t h e  near-surface unconsol iaa ted  a q u i f e r s .  

a d a i t i o n a l  geothermal anomalies does  n o t  e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  

a d d i t i o n a l  r e sources  do exist .  

of a oeep r e s o u r c e ( s )  . 
Fur the r  exp lo ra t ion  may e s t a b l i s h  t h e  presence 

4;7 
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APPEl\OIX A 
WELL AND SPRING-NWtIbERING SYSTEt.1 

The system o f  numbering w e l l s  ana spr.ings i n  Utah i s  based on t h e  
caaas t ra l  larid-survey system o f  t he  U.S. Government. The number, i n  a d d i t i o n  
t o  des ignat ing  the w e l l  or spr iny ,  aescr i l ies  i t s  p m i t i o n  i n  the  l a n a  net .  
the  land-survey system, the  Sta te  i s  aiviclea i n t o  f o u r  quadrants by the S a l t  
Lake Ba9e L i n e  and Meridian, and these quadrants a re  aesiynateo by bppercase 
l e t t e r s  as fo l lows:  A, nor theast ;  B, northwest; C, southwest; and D, 
southeast. Numbers aes ignat iny the  township ana range ( i n  t h a t  o rder )  f o l l o w  
the  quadrant l e t t e r ,  and a l l  th ree  are  enclosed i n  parentheses. The number 
a f t e r  t h e  parentheses i n d i c a t e s  the  sect ion,  ana i s  fo l lowea by th ree  l e t t e r s  
i nc ; i ca t i ny  the  quar te r  sect ion,  t he  quar te r -quar te r  sec t ion ,  and the 
quar te r -quar te r -quar te r  sect ion,  -- genera l l y  10 acres ( 4-hm2) ; the  quar te rs  
of each subd iv i s ion  are  designated by lowercase l e t t e r s  as fo l l ows :  
nor theas t ;  b, northwest; c, southwest; ancl d, southeast. The number a f t e r  the  
l e t t e r s  i s  t he  s e r i a l  number o f  t he  w e l l  cm sp r ing  within the  10-acre 
(4-hm2) t r a c t ;  t he  l e t t e r  trSrl preceding t h e  s e r i a l  number denotes a spr ing .  
Thus (C-36-16) 36abd-1 aesignatea the  first w e l l  const ructed o r  v i s i t e d  i n  the  
SEU4 SE1/4 NEU4 sec. 36, T. 36 S., 13. 16 W .  I f  a w e l l  o r  spr in5  cannot be 
l o c a t e d  within a 10-acre (4-hm2) t r a c t ,  one or  two l o c a t i o n  l e t t e r s  a re  usea 
and the  s e r i a l  number i s  omittea. 
c o l l e c t e d  are  numberea i n  t h e  same manner, but th ree  l e t t e r s  a re  used a f t e r  
t h e  s e c t i o n  number and no s e r i a l  number i s  usea. 
i l l u s t r a t e a  i n  f i g u r e  ~ l .  

By 

8 

a, 

0 

Other 5,ites where hydro log ic  da ta  were 

0 The numbering systems i s  
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Figure A-1. Well-, and spring-, and other data site-numbering system used in 
Utah. 
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APPENDIX b 
CONVEHSION F-ACTOHS 



CO NVMSION f -AC TOR 5 

Dis tances  anu depth r epor t ed  i n  t h e  t e x t  are given i n  Enyl i sh  u n i t s .  
Miles ( m i . )  can be conver tea  t o  k i lome te r s  (km) by t h e  fo l lowing  equat ion:  
m i  = 1.62 km. Fee t  ( f t )  can be conver tea  t o  meters (m) by t h e  fo l lowin9  
equat ion:  Temperatures r epor t ed  i n  t h e  t e x t  are g iven  i n  
a e g r e e s  c e n t i g r a d e  (OC) .  Temperatures can be  converted from deGrees 
c e n t i g r a a e  (OC) t o  degrees  Fa renhe i t  (OF)  by t h e  fo l lowing  equat ion:  O F  

1 
8 

1 f t  = 0.305 m. 

= 1.6 ( O C )  + 3 2 .  

0 

0 



APPENDIX C 

8 TEkPERATURE-DEPTH DATA FOR bEP-1 THHOCjGH BEP-13, GOX ELDEh COUNTY, UTAH 

7.5 Minute  S e r i e s  Quadrangle: 
Locat ion:  TlZN/R4h/S22 
Well: bEP-1 
S i t e  Latituae: 41° 45' 12" 
S i t e  Longitude: 112O 17'  21" 
S i t e  Elevation: 1,377 m 
Depth I n t e r v a l  f o r  Gradient  Calcu la ted :  3.U-37 m 
Calcu la t ed  Graa ien t :  

Bl ind  Spr ings  

0 

64 +/- 8 O W k m  

0 

8 

Depth (m> T ( O C >  

O 
5 
10 
15 
20 
25 
30 
35 
37 

11.818 
12.288 
11.250 
11.539 
11.784 
12.104 
12.526 
12.764 
12.972 
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7.5 Minute S e r i e s  Quadrangle: R i v e r s i o e  
Locat ion:  T12N/R3W/Sll 
Well: 6EP-2 
S i t e  L a t i t u u e :  41° 47' 43" 
S i t e  Longituae: 1120 9' 7'' 
S i t e  Eleva t ion :  1,342 m 
Depth I n t e r v a l  f o r  Gradient  Ca lcu la t ea :  
Ca lcu la t ed  Graa ien t :  

0 

25-35 m 
27 +/- 8 OC/km 

Q 
Uepth ( m >  T ( O C >  

ti 
5 
l l j  

15 
20 
25 
30 
35 

8 

0 

15.696 
13.609 
13.420 
14. ( ~ 6 7  
14.615 
15.060 
15.130 
15.331 
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- 7.5 biinute Series Quaaranyle: Cutler baill 
Location: T12N/RZW/S2 
h e l l :  bEP-3 
S i t e  Latituae: 41' 48' 14'' 
S i t e  Lonyituae: 1 1 2 O  2 '  5" 
S i t e  Elevation: 1,565 m 
Depth Interval  for  Gradient Calculated: 
Calculatea Graaient: 135 +/- 30 OC/krri 

0 

45-80 m 

8 Depth (m> T ( O C >  

8 

0 

u 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
82 

13.439 
11.780 
12.206 
12.969 
13.846 
14.553 
15.172 
15.198 
15.230 
15.587 
16.148 
16.856 
17.582 
17.957 
19.422 
19.685 
19.680 
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* 7.5 Minute Series Quadrangle: Portage 
Location: T14N/R2W/Sll 
Well: BEP-4 
Si t e  Latitude: 41° 52' 32" 
S i t e  Lonyitude: 112O 9' 55" 
S i t e  Elevation: 1,353 m 
Depth Interval  f o r  Graaient Calculated: 30-42.5 rn 
Calculated Grauient: 

8 

14U +/- 6 OC/krn 

8 Depth (rn) T ( O C )  Depth (m) 

8 

0 
5 
l t i  
15 
17.5 
20 
22.5 
25 
27.5 
30 
32.5 
35 
37.5 
40 
42.5 

22.263 
15.093 
14.957 
15.730 
15.761 
15.813 
15.851 
15.963 
16.076 
16.232 
16.565 
16.885 
17.202 
17.623 
17.987 

45 
47.5 
50 
52.5 
55 
57.5 
60 
62.5 
65 
66 

T ( O C >  

18.165 
18.2ti3 
18.363 
16.399 
18.440 
18.466 
18.452 
18.521 
18.540 
18.932 
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7.5 Mmute Series U a d r a n y l e :  Trenlonton 
Locat ion:  TllN/tt3W/S5 
Well: BEP-5 
S i t e  La t i tude :  41° 43 '  30'' 

Si t e  E leva t ion :  1 ,357  m 
Depth I n t e r v a l  f o r  Graoien t  Ca lcu la t ea :  C;1--30-41.5 rn 

12--15-41.5 rn 
Calcu la t ed  Gradient :  

8 Si t e  Longitude: 112O 13' 42" 

G1--34 +/- 3 OC/km 
G2--22 +/- 3 OC/krn G3 

Depth (m) T ( O C >  
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0 
10 
12 .5  
1 5  
17.5 
20 
22.5 
25 
27.5 
30 
32.5 
35 
37.5 
40 
41.5 
42.5 

14.785 
13.144 
13.199 
13.375 
13.464 
13.543 
13.588 
13.566 
13.579 
13.627 
13.719 
13.810 
13.909 
13.979 
14.010 
14.032 
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7.5 Minute Series Quadrangle: 
Locacion: TllN/K4W/S3 

Si t e  Latitude: 41° 43' 12" 
Si t e  Longitude: 112O 17' 46" 
S i t e  Elevation: 1,370 rn 
Depth Interval  for  Graaient Calculatea: 35-86 rn 
Calculated Gradient: 

Thatcher Mountain 

Well :  BEP-6 

18 +/- 2 OC/krn 

Depth (m) 

0 
10 
15 
17.5 
2G 
22.5 
25 
27.5 
30 
32.5 
35 
37.5 
40 
42.5 
45 
47.5 

T (OC) 

13.853 
12.317 
12.463 
12.623 
12.797 
12.8&8 
12.764 
12.964 
13.122 
13.243 
13.362 
13.402 
13.436 
13.488 
13.540 
13.556 

Depth ( m )  

50 
52.5 
55 
57.5 
6U 
62.5 
65 
67.5 
70 
72.5 
75 
77.5 
80 
82.5 
65 
86 

T ( O C )  

13.642 
13.688 
13.753 
13 .e42 
13.836 
13.896 
13.934 
13.962 
13.997 
14.047 
14.083 
14.133 
14.170 
14.210 
14.250 
14.274 

7.5 Minute Series Quaaranyle: 
Location: TllN/R4W/S4 
Well: BEP-7 
S i t e  Latituae: 41° 43' 2" 
S i t e  Lonyituae: 112O 17' 53" 
Site  Elevation: 1,371 m 
Depth Interval  fo r  Gradient Calculated: 

Calculated Graaient: 

Thatcher Mcuntain 

G1--25-60 m 
~,2--65-a5 m 

G1--21 +/- 2 OC/km 
G2--13 +/- 1 OC/km 

Depth ( m )  T (OC> Depth ( m )  

0 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

7.571 
12.764 
13.016 
13.159 
13.639 
13.807 
13.954 
14.043 
14.131 
14.202 
14.306 

60 
65 
67.5 
70 
72.5 
75 
77.5 
60 
82.5 
85 
90 

T ( O C >  

14.405 
14.484 
14.503 
14.532 
14.573 
14.603 
14.629 
14.668 
14.716 
14.745 
14.768 
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7.5 Minute Series Quadranyle: tiiversioe 
Location: T13N/k3W/S22 
Well: BEP-9 
S i t e  Latituae: 41° 50 '  35'' 
S i t e  Longituae: 1120 10' 3" 
S i t e  Elevation: 1 ,362  m 
Depth Interval  f o r  Gradient Calculatea: 25-72 m 
Calculated Graaient: l 2 9  +/- 10 OC/krll 

Depth ( m )  T ( O C )  Depth ( m )  T (OC) 

0 
10 
1 5  
20 
25 
30 
35 
40 
45 
50 

9.393 
14.294 
15.748 
17.025 
17.883 
18.814 
19.645 
20.165 
20.698 
21.278 

55 21.948 
60 22.543 
65 23.187 
70 24.007 
72 24.157 

7.5 Minute Series Quadrangle: 
Location: T12N/R2W/S3 
Well: BEP-lu 
S i t e  Latituae: 41° 48'  45" 
S i t e  Lonyitude: 112O 3' 11Il 
S i t e  Elevation: 1 ,391  m 
Depth Interval  for  Gradient Calculated: :tu-87.5 m 
Calculated Graaient: 

Cutler Dam 

11 +/- 3 OC/km 

Depth (rn) T ( O C >  Depth ( m )  

0 
10 
15 
17.5 
20 
22.5 
25 
27.5 
30 
32.5 
35 
37.5 
40 
42.5 
45 
47.5 
50  
52.5 

17.586 
18.579 
18.681 
18.698 
18.698 
18.702 
18.785 
18.789 
18.801 
18.847 
18.938 
18.946 
18.984 
18.976 
19.105 
19.080 
19.076 
19.149 

55 
57.5 
60 
62.5 
65 
67.5 
70 
72.5 
75 
77.5 
80 
82.5 
85 
87.5 
87.8 

T ( O C )  

19.103 
19.2U4 
19.192 
19.189 
19.234 
19.223 
19.244 
19.255 
19.295 
19.293 
19.310 
19.388 
19.420 
19.501 
19.641 
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7.5 Minute Series Quaarangle:  Po r t age  
Locat ion:  T14N/R3W/S35 
Well: BEP-11 
S i t e  L a t i t u a e :  41° 54' 21Ir 
Si te  Lonyituoe: 112O 9' 8" 
S i t e  Eleva t ion:  1,501 m 
Uepth I n t e r v a l  f o r  Graa ien t  Calcu la ted :  95427.5 m 
Calcula ted  Graa ien t :  10 +/- 3 OC/km 

Depth ( m ) .  
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107.5 
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112.5 
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117.5 
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122.5 
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127.5 
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T (OC> 

9.695 
11.414 
11.659 
11.718 
11.769 
11.784 
11.938 
11.862 
12.189 
12.551 
12.647 
12.540 
12.539 
13 2 6 1  
13.272 
13.299 
13.331 
13.365 
13.383 
13.428 
13.470 
13.480 
13.483 
13.488 
13.496 
13.600 
13.603 
13.603 

0 
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7.5 Minute Series Quadranyle: 
Location: T13N/R2W/S28 
hel l :  BEP-12 
S i t e  Latituoe: 41° 49' 24" 
S i t e  Longitude: 112O 4 '  
S i t e  Elevation: 1,369 ni 
Deptn Interval  for  Grauient Calculated: (2--107.5-167.5 m 

Cutler Darn 

(;2--172.5-184 m 
G3--1U2.5-184 m (four enc points) 

Calculated Gradient: GL-65  +/- 7 OC/ki i i  
G2--380 +/- 2Y %/km 
G3--113 +/- 63 OC/kni  

Depth (m) 
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12.5 
15 
17.25 
20 
22.5 
25 
27.5 
3u 
32.5 
35 
37.5 
40 
42.5 
45 
47.5 
50 
52.5 
55 
57.5 
60 
62.5 
65 
67.5 
70 
72.5 
75 
77.5 
80 
82.5 
85 
87.5 
90 
92.5 
95 
97.5 
100 
102.5 
105 
107.5 

T ( O C )  Depth (rn) 

7.341 
11.323 
11.293 
11.249 
11.242 
11.296 
11.298 
11.304 
11.313 
11.319 
11.341 
11.364 
11.355 
11.382 
11.369 
11.398 
11.421 
11.421 
11.454 
11.471 
11.677 
11.720 
11.714 
11.732 
11.758 
11.824 
11.815 
11.842 
11.883 
11.917 
11.952 
11.959 
11.977 
11.991 
11.991 
11.994 
12.015 
12.107 
12.245 
12.362 
12.471 

110 
112.5 
115 
117 .'5 
120 
122.5 
125 
127.5 
130 
132.5 
135 
137.5 
140 
142.5 
145 
147.5 
150 
152.5 
155 
157.5 
160 
162.5 
165 
167.5 
170 
172.5 
175 
177.5 
180 
182.5 
184 

T ('C> 

12.630 
12.797 
12.976 
13.176 
13.323 
13.535 
13.727 
13.871 
14.048 
14.225 
14.407 
14.551 
14.708 
14.8b5 
14.966 
15.105 
15.273 
15.400 
15.542 
15.667 
15.847 
16.019 
16.309 
16.582 
16.896 
17.254 
18.019 
19.221 
20.253 
21.016 
21.495 * 
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0 -  
- 7.5 Minute S e r i e s  Quadrancjle: R i v e r s i a e  
- Location: T13N/H3W/S28 

h e l l :  UEP-13 
Si t e  L a t i t u d e :  41° 5LII 14" 
Si t e  Longitude: 112O 10' 64" 

0 S i t e  E leva t ion :  1,400 m 
Depth I n t e r v a l  f o r  Gradien t  Ca lcu la t ed :  1b-30 m 
Calcu la t ea  Graa ien t :  185 +/- 25 OC/Krll 

8 

E p t h  (ni) 

0 
5 
.1u 
15 
20 
25 
30 

T ( O C )  

10.971 
10.4Y2 
11.333 
11.838 
12.685 
13.959 
14.885 
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