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GEOTHERMAL ASSESSMENT OF PAFT OF THE EAST SHORE A R E A ,  
D A V I S  AND WEBER COUNTIES, UTAH 

ABSTRACT 

The Utah Geo log ica l  and Minera l  Survey (UGblS) has  been conduct ing research 

t o  advance t h e  u t i l i z a t i o n  of  low-temperature geothermal  r e s o u r c e s  i n  Utah a s  

p e r  U .  S. Department o f  Energy (DOE) c o n t r a c t  DE-ASO7-77ET28393. 

i n c l u d e s  p o r t i o n s  o f  Weber and Davis c o u n t i e s  and i s  p a r t  o f  an  area-wide 

T h i s  s t u d y  

geothermal  r e s e a r c h  program conducted a long  the Wasatch F r o n t .  kl though three 

known low-temperature geothermal  areas are l o c a t e d  i n  t h e s e  two c o u n t i e s  

(Oyden and Hooper Hot Spr ings  and t h e  L i t t l e  Mountain South geothermal  a r ea ) ,  

t h e  purpose  o f  t h i s  s tudy  was t o  l o c a t e  clther r e sources  n o t  p rev ious ly  

i d e n t i f i e d .  

Geothermal r econna i s sance  t echn iques  a t tempted  i n  t h i s  s tudy  inc luded  a 

water t empera tu re  su rvey ,  and chemical a r la lyses  of  s p r i n g s  and wells. 

t empera tu re  survey  i d e n t i f i e d  12 wells w i t h  water t empera tu res  20°C o r  

h igher .  These wells were, however, l o c a t e d  throughout  t h e  s tudy  area and w i t h  

t h e  e x c e p t i o n  o f  one l o c a t i o n  (W-15), e x h i b i t e d  no o t h e r  low-temperature 

thermal characterist ics t h a t  i n d i c a t e d  warmer t empera tu res  cou ld  be expec ted  

a t  d e p t h  or w i t h i n  t h e  v i c i n i t y .  

The 

3 

Sample l o c a t i o n  W-15 was s imilar ,  chemica l ly ,  t o  Hooper and Ogden Hot 

S p r i n g s  as  well a s  samples  c o l l e c t e d  from three other  non-thernial wells i n  t h e  

area. 

14' t o  1 6 O C ,  chemical geothermometer r e s u l t s  i n d i c a t e  tempera tures  t o  b e  

expec ted  a t  dep th  r ange  from 60' t o  9OoC. 

o f  these samples  i n d i c a t i v e  o f  low-temperature geothermal  p o t e n t i a l  n o t  

p rev ious ly  i d e n t i f i e d  i n c l u d e  common i o n  c o n c e n t r a t i o n s  h igh  i n  Na and C1, 

high  c o n c e n t r a t i o n s  o f  trace e lements  such  a s  L i ,  Ba, and Sr ,  a s  well as  

Ca/HC03 and C U B  r a t i o s  g r e a t e r  t h a n  background. 

Although these t h r e e  samples  had t empera tu res  t h a t  on ly  ranged from 

Other  chemical c h a r a c t e r i s t i c s  
3 

3 
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I n t r o d u c t i o n  ' 

The Utah Geo log ica l  and Minera l  Survey (UGMS) has  been conduct ing  research 

t o  advance t h e  use of  low tempera ture  g e c i t h e n a l  r e s o u r c e s  i n  t h e  State  of  

Utah a s  p e r  U.S. Department of  Energy (DOE) c o n t r a c t  DE-AS07-77ET28393. 

t o  t h i s  s t u d y ,  UrrvlS was c o n c e n t r a t i n g  its i n v e s t i g a t i o n s  on known geothermal 

a r e a s  a long  t h e  Wasatch F ron t  from Utah Valley n o r t h  t o  t h e  Utah/Idaho s t a t e  

l i n e .  

encourage development o f  known geothermal r e s o u r c e s  n e a r  major p o p u l a t i o n  

c e n t e r s  o f  t h e  state. 

P r i o r  

The c o n c e n t r a t i o n  of  s t u d i e s  i n  this reg ion  was done p r i m a r i l y  t o  

I n  February ,  1980, i t  was determined t h a t  e f f o r t s  should  begin  t o  e v a l u a t e  

area-wide geothermal r e source  p o t e n t i a l  a long  the Wasatch Front  and a d j a c e n t  

areas because o f  t h e  i n h e r e n t  low-tempersture geothermal  p o t e n t i a l  and because 

of t h e  i n c l u s i o n  of  t h e  three major m e t r o p o l i t a n  c e n t e r s  of t h e  s ta te .  

r e p o r t  i s  t h e  result of t h a t  s t u d y .  It should  be no ted ,  however, t h a t  t h i s  

s t u d y  was l i m i t e d  i n  scope ,  ariu t h a t  t h e  absence  of ev idence  f o r  a d d i t i o n a l  

r e s o u r c e s  d o e s n ' 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  t h e y  exist .  

e x p l o r a t i o n  may e s t ab l i sh  t h a t  a deep r e source  does  exist. 

T h i s  

Add i t iona l  

T h i s  s t u d y  a r e a  i n c l u d e s  t h o s e  por t ic lns  o f  Weber and Davis c o u n t i e s  t h a t  

l i e  west o f  t h e  Wasatch Mountains and e a s t  o f  t h e  Great Salt  Lake ( F i g u r e  1). 

T h i s  area i s  a g e n t l y  s lop ing  s u r f a c e  w i t h  relief i n c r e a s i r y  eastward toward 

t h e  f o o t h i l l s  o f  t h e  Wasatch Mountains. Both c o u n t i e s  are involved  t o  some 

e x t e n t  i n  a g r i c u l t u r e  and i n d u s t r y  b u t  much o f  t h e  expansion i n  t h e  l a s t  two 

decades has been f o r  homes f o r  peop le  who work i n  t h e  Salt Lake Valley (Goode, 

1978). 

Weber County. Other communities i n c l u d e  Boun t i fu l ,  C e n t e r v i l l e ,  K a y s v i l l e ,  

Oyden i s  t h e  l a r g e s t  c i t y  l o c a t e d  a t  the mouth o f  Ogden Canyon i n  

2 
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F i gu re  1. Index map o f  the  study area i n  Weber and Davis Counties, Utah 
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Layton, and Roy. H i l l  Air Force  Base, it major mil i tary i n s t a l l a t i o n ,  i s  a l s o  

l o c a t e d  i n  this a r e a .  

Two areas w i t h i n  the East Shore have been i n v e s t i g a t e d  p r e v i o u s l y .  Glenn 

e t  a l .  (1980) a t t empted  t o  l o c a t e  a low- or  moderate-temperature geothermal  

r e s o u r c e  a t  H i l l  Air Force  Base (HAM), [lgden, Utah. 

conducted a "phased e x p l o r a t i o n  prograril" which inc luded :  1) examining 

pub l i shed  g e o l o g i c a l ,  geochemical, and geophys ica l  r e p o r t s ;  2)  r e g i o n a l  

e x p l o r a t i o n ;  and 3 )  d r i l l i n g  two t h e n a l  g r a d i e n t  ho le s .  

i d e n t i f y  a t he rma l  anomaly a t  t h e  base. I n  t h e  second a r e a  s t u d i e d ,  L i t t l e  

Mountain-South geothermal a r e a  west o f  Ogden, Utah, Murphy and Gwynn (1979) 

i n c o r p o r a t e d  the work o f  Bolke and Waddel.1 (1972) w i t h  a g r a d i e n t  h o l e  d r i l l e d  

(see Known Geothermal Resources s e c t i o n ,  p. 8).  

Mountain-South were i n v e s t i g a t e d  i n  more d e t a i l  t h a n  in t ended  f o r  t h e  scope  o f  

t h i s  r e p o r t  and, t h e r e f o r e ,  have n o t  beeri i nc luded .  

These i n v e s t i g a t o r s  

T h i s  s t u d y  d i d  n o t  

H i l l  AFB and Litt le 

GEOLOGY AND STRUCTURE 

0 

0 

The s t u d y  a r e a  i s  s i tua ted  a long  t h e  e a s t e r n  edge of t h e  Basin and Range 

phys iog raph ic  p rov ince  wi th  t h e  Wasatch Range t o  t h e  east .  

and Davis c o u n t i e s  c o n t a i n  rocks o f  Precambrian through Tertiary age ( P l a t e  

1). Consol ida ted  r o c k s  o f  Precambrian arid P a l e o z o i c  age  are  exposed t o  t h e  

e a s t  i n  t h e  Wasatch Range, i n  Li t t le  Moufiltain t o  t h e  west, arid t h e  P l e a s a n t  

View S a l i e n t  t o  t h e  no r th  ( P l a t e  1). 

Canyon Complex a r e  t h e  o l d e s t  format ion  Firesent and span t h e  e n t i r e  l e n g t h  of 

t h e  s t u d y  area, whi le  t h e  youngest r o c k s  i n  t h e  r ange  a r e  v o l c a n i c  t u f f s  and 

conglomera tes  of  P l iocene  aye be longing  t o  t h e  Salt  Lake Group (Davis ,  1983a 

and b ) .  

Mountains i n  Weber 

Metamorphic r o c k s  o f  t h e  Farminyton 

I n  t h e  s t u d y  a r e a  these T e r t i a r y  r o c k s  a r e  exposed on ly  a long  t h e  

4 
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east  margin o f  t he  Wasatch Range b u t  are presumed t o  be present  between 

p re -Te r t i a ry  basement rocks  and the  extremely t h i c k  and extens ive Quaternary 

depos i ts  i n  the  v a l l e y  (Fe th  e t  a l . ,  1966). 

Near-surface Quaternary depos i ts  cons is t  p r i m a r i l y  o f  d e t r i t u s  brought 

i n t o  the  v a l l e y  by t h e  Weber arid Ogden r i v e r s ;  du r ing  h igh  cyc les  o f  Lake 

Bonnev i l le  these r i v e r s  formed d e l t a s  which p resen t l y  account f o r  nea r l y  1,000 

f t  o f  r e l i e f  above the  l a k e  p l a i n  (Goode, 1978). The deeper, unconsolidated 

sediments a re  i n te r tongu ing  a l l u v i a l  and l a c u s t r i n e  depos i ts  which cons is t  o f  

sand and g r a v e l  near the  mountain f r o n t  and l a r g e l y  sand, s i l t  and c l a y  t o  the  

west (Goode, 1978) .  

o f  the  study area range up t o  40 f t  i n  t t l ickness (Feth e t  al. ,  1966). 

Unconsolidated Holoc,ene depos i ts  a t  t he  sur face i n  much 

Geophysical s tud ies  have determined t h e  shape o f  t he  bedrock sur face  

under l y ing  t h i s  area t o  be an elongate t Iough s t r u c t u r a l l y  c o n t r o l l e d  on the  

eas t  by the  Wasatch F a u l t  Zone and t o  the  west by bu r ied  nor th - t rend ing  s tep  

f a u l t s  (Fe th  e t  a l . ,  1966). Feth  e t  a l .  (1966) consider  maximum 

unconsolidated sediment th ickness i n  t h i s  t rough t o  be frorn 6,000 t o  9,000 f t  

Seismic da ta  from Glenn e t  a l .  (198U) i n d i c a t e  seve ra l  north-south f a u l t s  i n  

t h e  subsurface between the  ranye f r o n t  and the  center  o f  H i l l  Am. 
The Wasatch f a u l t  zone l i e s  a long the eas t  edge o f  the  area, with 

i n d i v i d u a l  f a u l t s  within t h i s  zone hav ing d i p s  which range frorn 20' t o  70' 

West (Feth e t  a l . ,  1966) .  

(Feth e t  al. ,  1966). 

b r a i d i n g  pa t te rns ,  c u r v i l i n e a r  en echelon f a u l t i n g  with some eastward d ips  

(Glenn e t  a l . ,  1980) (P la te  1). 

north-south t rend ing  f a u l t s  have been mapped bo th  within t h e  s t r u c t u r a l  t rough 

and border ing  i t  on the  west (Feth e t  a l . ,  1966; Stokes, 1963; and Davis, 1983 

a and b). 

Maximum displacement across the  zone i s  10,000 f t  

This  f a u l t  zone i s  character ized by branching and 

West of the Wasatch f a u l t  zone a number of 

Glenn e t  a l .  (1980) a l s o  suggest t h a t  north-south t rend ing  normal 

5 
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f a u l t s  a r e  l o c a t e d  w i t h i n  t h i s  s t ructurai  t rough ,  some of  which have eas tward  

d i p s .  

GROUNL) HATER 

Ground water i n  t h e  s t u d y  area o c c u r s  mainly under a r t e s i a n  c o n d i t i o n s  i n  

a n u l t i a q u i f e r  r e s e r v o i r  (Fe th  e t  a l . ,  1%6). 

a q u i f e r s  are s e p a r a t e d  by f i n e - y r a i n e d  beds,  Smi th  and Gates (1963) Suggest 

t h a t  h y d r a u l i c  i n t e r c o n n e c t i o n  i s  such  t ha t  these i n d i v i d u a l  a q u i f e r s  can  be 

i n c l u d e d  a s  a s i n g l e  system. 

mountain f r o n t  a s  l o c a l  bod ie s  o f  perched water above t h e  main saturated zone 

arid under water-table c o n d i t i o n s  i n  shall.ow a q u i f e r s  (Bolke and Naddell ,  

1972). 

area are completed i n  a r t e s i a n  aquifers,  w i t h  on ly  a few wells completed 

w i t h i n  t h e  water-table r e s e r v o i r .  

Although t h e  v a r i o u s  a r t e s i a n  

Ground water a l s o  o c c u r s  i n  de l tas  and a long  t h e  

Bolke and Waddell (1972) a l s o  s t a t e  tha t  t h e  m a j o r i t y  of  wells i n  t h e  

The ground-water r e s e r v o i r  c o n s i s t s  cif unconsol ida ted  and 

semi-consol ida ted  d e p o s i t s  p r imar i ly  o f  l luaternary age  (Bolke and \ . /addell ,  

1972). 

coarse-gra ined  de l t a ,  a l luvial-f  an ,  slope-wash, and mud-rock flow d e p o s i t s ;  

these d e p o s i t s  grade  i n t o  f i n e - y r a i n e d  bLit wel l - sor ted  l a c u s t r i n e  d e p o s i t s  t o  

t h e  west (Bolke and Waddell, 1972). Bolke and Waddell (1972) a l s o  r e p o r t  t h a t  

s t r eam d e p o s i t s  a r e  composed of bou lde r s ,  g r a v e l ,  s and ,  and clay i n  e l o n g a t e ,  

d i s c o n t i n u o u s  bod ies  w h i l e  impermeable mud-rock f low d e p o s i t s  are unso r t ed ,  

c o n t a i n  clay, sand ,  and large f rayments ,  and p r o h i b i t  l o c a l  recharge .  

and Gates (1963) r e p o r t  t h a t  t h e  l a c u s t r i n e  d e p o s i t s  i n c l u d e  f a i r l y  cont inuous  

and we l l - so r t ed  bod ies  of clay,  sand ,  s i l t ,  and g r a v e l ,  and t h a t  near-shore 

A t  the base of t h e  Wasatch Range, the d e p o s i t s  c o n s i s t  ch i e f ly  of 

Smi th  

6 
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c u r r e n t s  d e p o s i t e d  e l o n y a t e  bod ies  o f  c o a r s e r  l a k e  d e p o s i t s  p a r a l l e l  t o  

s h o r e l i n e s .  

l ake-shore  d e p o s i t s ,  make t h e  best aquifelrs.  

Fe th  e t  a l .  (1966) have descr ibed  twcl major a r t e s i a n  a q u i f e r s  i n  t h e  

The c o a r s e r ,  wel l - sor ted  m a t e r i a l ,  s u c h  a s  stream-channel o r  

n o r t h e r n  p a r t  of t h e  s t u d y  area. 

i s  t h e  Delta a q u i f e r ;  i t s  t o p  i s  >U0-700 f t  below t h e  s u r f a c e  and i s  g e n e r a l l y  

50-150 f t  t h i c k .  The second, t h e  Sunse t  a q u i f e r ,  i s  less p roduc t ive ,  on ly  

250-400 f t  below t h e  surface and 50-250 f t  t h i c k .  Due t o  a b u r i e d  bedrock 

h igh ,  these a q u i f e r s  do n o t  ex tend  sou th  o f  Kaysville. 

r ecogn izab le  a s  s e p a r a t e  u n i t s  i n  t h e  a r e a  of Ogden, P l a i n  C i t y ,  and North 

Ogden (Fe th  e t  a l . ,  1966). 

The moIe p roduc t ive  and l a r g e s t  o f  t h e  two 

They are n o t  

Fe th  e t  a l .  (1966) a l s o  i d e n t i f y  u n d i f f e r e n t i a t e d  

a r t e s i a n  a q u i f e r s  above t h e  Sunse t  a q u i f e r  bu t  these a r e  less p roduc t ive  and 

s m a l l e r .  South of  Kaysville, t h r e e  s e p a r a t e  a r t e s i a n  a q u i f e r s  have been 

d e f i n e d  by Thomas and Nelson (1948). 

these a q u i f e r s  a s  sha l low,  i n t e r m e d i a t e ,  and deep. bue t o  l o c a l  d i f f e r e n c e s  

Tholnas and Nelson (1948) i d e n t i f i e d  

i n  l i t h o l o g y  w i t h i n  t h i s  a r e a ,  i t  i s  f r e q J e n t l y  imposs ib l e  t o  d i s t i r y u i s h  

i n d i v i d i a l  a q u i f e r s .  

2%-300 f t ,  and more t h a n  5UU f t ,  r e s p e c t i v e l y  (Thomas and Nelson, 1948). 

Depths t o  the t o p s  of each a q u i f e r  r anye  from 6U-250 f t ,  

Recharge t o  t h e  ground-water system i n  t h e  s t u d y  a r e a  i s  mainly 

p r e c i p i t a t i o n  which f a l l s  p r i m a r i l y  i n  thli form of snow on t h e  Wasatch Hange 

and the Uinta  Mountains t o  t h e  east .  Fet17 e t  a l .  (1966) e s t i m a t e  t h a t  a lmost  

h a l f  t h e  r echa rge  t o  t h e  ground-water r e s l i r v o i r  i n  t h e  n o r t h e r n  p o r t i o n  of t h e  

s t u d y  area i s  s u b s u r f a c e  in f low from t h e  oedrock of  t h e  Nasatch Ranye, 

s l i g h t l y  less than  one-quar te r  of  t h e  r echa rge  is leaked from t h e  Weber Hiver, 

and t h e  remainder i n c l u d e s  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 ,  i r r i g a t i o n ,  t h e  

s t r e a m s  d r a i n i n g  t h e  mountain f r o n t ,  and the  Ogden River. 

0 

Areas t o  t h e  sou th  
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have no major rivers b u t  s t i l l  receive recha rge  a s  seepage  from t h e  Nasatch 

Range a s  well a s  lesser  amounts from mountain-front streams, i r r i g a t i o n ,  and 

d i rec t  p r e c i p i t a t i o n  i n  t h e  bench areas. 

Ground water moves g e n e r a l l y  westward from t h e  areas of  r echa rge  toward 

Ulthough discharge o f  ground water o c c u r s  from wells, t h e  Great S a l t  Lake. 

s p r i n g s ,  seepage  i n t o  d r a i n s  and s loughs , ,  and by evapora t ion  ana 

e v a p o t r a n s p i r a t i o n  from c rop lands ,  open-water s u r f a c e s ,  s a l t g r a s s  p a s t u r e s ,  

c a t t a i l  swamps and mud s u r f a c e s ,  most d i s c h a r g e  i s  i n  t h e  form of s u b s u r f a c e  

flow i n t o  t h e  Great S a l t  Lake (Fe th  e t  a:L., 1966). 

Known Geothermal Areas 

Weber and Davis c o u n t i e s  have two known thermal areas whicil are man i fe s t ed  

a t  t h e  s u r f a c e  by warm s p r i n g s .  

Ogden Canyon i n  Weber County, h a s  a t empera tu re  o f  5 5 O C .  

S p r i n y s ,  w i t h  a tempera ture  o f  5 6 O C ,  i s  l o c a t e d  abou t  10 m i .  southwest of 

Oyden on t h e  east  s h o r e  of  t h e  Great Sal t ;  Lake i n  Davis County. 

(198U) s t a t e  t h a t  t h e  thermal waters have mixed w i t h  c o o l e r  sha l iow ground 

waters and t h a t  t h e  t empera tu res  of  t hese  h o t  s p r i n g  waters, p r i o r  t o  mixing, 

a r e  estimated t o  be between 70' and 15OOC:. 

@den kit S p r i n g s ,  l o c a t e d  a t  t h e  mouth of 

t-boper Hot  

Glenn e t  a l .  

L i t t l e  Mountain geothermal  area i s  n o t  man i fe s t ed  a t  t h e  s u r f a c e  by a 

major thermal s p r i n y .  

west of Uyden, Utah, and c o n s i s t s  o f  numerous sha l low flowing wells and 

s p r i n g s .  

14" t o  20°C (Murphy and Gwynn, 1979). 

t h a t  t h e  d i s t r i b u t i o n  of flowiny warm water wells may i n d i c a t e  a n  east-west 

This geothermal  a r e a  i s  l o c a t e d  approximately 15 m i .  

Water t empera tu res  measured a t  these wells and s p r i n g s  range  from 

Muphy and Gwyrin (1479) conclude  

8 
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s t r i k i n g  f a u l t  and t h a t  a n  area of wam water may a l s o  ex i s t  a t  t h e  s o u t h e r n  

end of  Li t t le  Mountain. 

TEMPEHATUHE SURVEY 

0 0 Temperatures ranginy  from 12  t o  24 C were measured i n  58 water wells 

Depths of these wells range  from approximately i n  t h e  s t u d y  area ( P l a t e  2). 

118 f t  t o  1,UOO f t  

t empera tu res  e q u a l  t o  o r  g r e a t e r  than  20°C). 

Only 12 of  these wells are cons ide red  therrlial (have 

F i v e  of t h e  thermal wells, a s  well as Hooper Hot Spr inys ,  are l o c a t e d  i n  

Davis County. 

and Farniinyton Bay a long  a narrow s t r i p  o f  l a n d  s e p a r a t i n g  C e n t e r v i l l e  and 

Farmington ( P l a t e  3 ) .  

t empera tu res  o f  2 3 O ,  2Z0,  and 2l0C, r e s p e c t i v e l y .  

wells D-18 arid U-2U have d e p t h s  of 442 f t  and 258 f t  and t empera tu res  O f  

Wells D-9, D-11 and D-14 a r e  l o c a t e d  between the Wasatch Range 

These wells a r e  545 f t ,  332 f t ,  and 412 f t  deep w i t h  

Near Layton, t he rma l  

2 4 O C  and 22"C, r e s p e c t i v e l y .  

a s  Oyden Hot S p r i n g s ,  a r e  l o c a t e d  i n  Weber County (P la te  2 ) .  

(20°C) and W-5 ( 2 3 O C )  are s i t u a t e d  i n  Washington Terrace and have d e p t h s  

of  637 f t  and 910 f t ,  r e s p e c t i v e l y  ( P l a t e  3 ) .  Well W-2, n e a r  Hooper Hot 

S p r i n g s ,  has a dep th  of  57U f t  and a s u r f a c e  t empera tu re  of 23OC. 

t h e  remaining thermal wells, W-14 and \J-15, are l o c a t e d  between Nest Warren 

and West Weber and have t empera tu res  of  20°C and 2l0C, r e s p e c t i v e l y .  

W-14 has a depth of 539 f t  whi le  W-15 is 483 f t  deep. 

approximate ly  2.5 m i .  s ou th  of North Ogden, i s  less than  150 f t  deep w i t h  a 

t empera tu re  o f  21OC. 

t o  a dep th  of 540 f t  and recorded a t empera tu re  o f  22OC ( P l a t e  3 ) .  

The remaining seven thermal wells, a s  well 

Wells W-3 

Two of 

Well 

Well W-20, l o c a t e d  

Well N-22, n o r t h e a s t  o f  L i t t l e  Mountain, was completed 

9 



Warming by t h e  n a t u r a l  thermal g r a d i e n t  of t h e  ear th  o f  me teo r i c  waters 

c i r c u l a t i n g  t o  dep th  i s  t h e  y e n e r a l l y  accepted theory  f o r  warm water  

occur rences  a long  t h e  Wasatch F r o n t  (Cole,  1982; Glenn e t  a l . ,  1980; Murphy 

and Gwynn, 1979). Waters, w i t h  t h e  e x c e p t i o n  o f  W-15, i d e n t i f i e d  a s  thermal 

( 12U°C), a l though  l o c a t e d  n e a r  o r  i n  t h e  v i c i n i t y  o f  known o r  imp l i ed  f a u l t  

zones ,  do n o t  e x h i b i t  chemical composi t ions  t h a t  are c h a r a c t e r i s t i c  Of (9 

0 

0 

0 

geothermal systems. These characterist ics,  o r  lack t h e r e o f ,  w i l l  be discussed 

i n  t h e  fo l lowing  s e c t i o n s .  

somewhat abnormally warm n a t u r a l  water are: 

i n  t h e  n e a r  s u r f a c e  aquifer ;  2) me teo r i c  water t h a t  has circulated t o  on ly  

moderate d e p t h s  r e s u l t i n g  i n  on ly  s l i g h t  warminy; o r  3 )  conduct ive  h e a t i n g ,  i n  

p l a c e ,  of sha l lower  water by h e a t  from a deepe r  thermal r e s e r v o i r .  A f o u r t h ,  

less l i k e l y ,  e x p l a n a t i o n  i n v o l v e s  exothei:rnic r e a c t i o n s  i n  t h i c k  o r g a n i c  c lays  

h e a t i n g  water. T h i s  theory  was sugyestecf by Marine and Price (1964) as a 

p o s s i b l e  s o u r c e  f o r  t h e  warn1 water l o c a t e d  i n  n o r t h e r n  Jo rdan  Valley.  

Three e x p l a n a t i o n s  which could  account  f o r  t h e  

1) major d i l u t i o n  of  warm water 

NATER ChEMISTHY AND ANALYSIS 

0 

Q 

F i f t y - e i g h t  water samples were col1ec:ted and ana lyzed  a s  p a r t  o f  t h i s  

s t u d y .  

(1) pH, ( 2 )  a l k a l i n i t y ,  and ( 3 )  c o n d u c t i v i t y .  A Corning-Orion Model 407A/F 

s p e c i f i c  i o n  meter i n  con junc t ion  w i t h  an Orion g e l - f i l l e d  Model Y1-U5 

combination pH e l e c t r o d e  was used t o  measure pH. Three read inys  were t aken  

and t h e  ave rage  was recorded a s  t h e  f ina l .  va lue .  A YSI Model 33 

Temperature-Conductivity Meter was used t o  measure c o n d u c t i v i t y .  

was measured u s i n g  a Hach A l k a l i n i t y  model AL-AP t es t  k i t .  

See Plate  3 f o r  sample l o c a t i o n s ,  The o n - s i t e  a n a l y s e s  c o n s i s t e d  o f :  

A l k a l i n i t y  

10 
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Three po lye thy lene  b o t t l e s  (two 570 ml and one 65  m l . )  were f i l l e d  a t  each 

sampling l o c a t i o n  w i t h  water  f i l t e r e d  through a GeoFi l t e r  P e r i s t a l t i c  Pump - 
Model Kl04 us ing  a b.45 micron f i l t e r  paper. 

ana lyzed  a t  t h e  Un ive r s i ty  of Utah Research I n s t i t u t e / E d r t h  Sc ience  l a b o r a t o r y  

(UUKI/ESL). 

f i n a l  c o n c e n t r a t i o n  of 2U p e r c e n t  HN03 fc i r  c a t i o n  a n a l y s i s  of e lements  

p r e s e n t e d  i n  Table 1 by an  APL I n d u c t i v i t y  Coupled Plasma Uuantometer (ICPU). 

One 570 m l  b o t t l e  was ac id i f ied  w i t h  concen t r a t ed  HC1 t o  a f i n a l  c o n c e n t r a t i o n  

of 1 p e r c e n t  H C l  f o r  SO4 a n a l y s i s .  

t h e  water was ana lyzed  f o r  C 1 ,  F, and t o t a l  d i s s o l v e d  s o l i d s  (TUS). 

of  t h e  a n a l y s e s  are p r e s e n t e d  i n  Table 2. 

T h i s  water was subsequent ly  

The 65 m l  b o t t l e  was a c i d i f i e d  w i t h  r eagen t  g r a d e  HkO3 t o  a 

The remaining b o t t l e  was u n a c i d i f i e d  and 

Results 

Comrnon Ion  Analvses 

0 

8 

Q 

8 

Common i o n  a n a l y s e s  are p resen ted  on t r i l i n e a r  diagrams i n  F i y u r e s  2 

through 4. 

due t o  the h igh  p e r c e n t  of  e r r o r  with coinmon i o n  ba lanc ing  which makes the i r  

use unacceptab le .  

Samples c o l l e c t e d  i n  Weber County a r e  r ep resen ted  i n  F igu re  3 .  

t r i l i n e a r  diagram o f  a l l  samples i s  p resen ted  i n  F igu re  4. 

Wells D-2, 0-15, 0-16, and W-17 a r e  omi t t ed  from these diagrams 

F igure  2 r e p r e s e n t s  samples c o l l e c t e d  i n  Davis County. 

A composite 

Data p l o t t e d  i n  F igu re  4 i n d i c a t e  there are  three major t y p e s  o f  water 

p r e s e n t  i n  Weber and Davis c o u n t i e s  which have been d e s i g n a t e d  a s  Types I, I1 

and 111. 

ei ther  calcium-magnesium b i c a r b o n a t e  (Ca-Mg HC03), calcium-sodium 

b i c a r b o n a t e  (Ca-Na-HC03), o r  calcium-sodium b i c a r b o n a t e - c h l o r i d e - s u l f a t e  

(Ca-Na-HC03-C1-S04) i n  c h a r a c t e r ,  d i l u t e ,  w i t h  TUS v a l u e s  ranginy  from 140 

t o  780 mg/l, a s  well as  s l i g h t l y  ac id ic  t o  s l i g h t l y  basic. 

Type I water comprises the m a j o r i t y  of  samples ana lyzed  and i s  

A l l  samples 

11 
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Table 1. Limits o f  Q u a n t i t a t i v e  Determina t ion  (LQD) f o r  s o l u t i o n  
a n a l y s i s  by t h e  U n i v e r s i t y  o f  Utah Research I n s t i t u t e / E a r t h  
Science Lab I n d u c t i v e l y  Coupled Plasma Quantaometer (ICPU) . 

Element 
Na 
K 
Ca 
Mg 
Fe 

S i  
T i  
P 
Sr 
Ba 
v 
Cr 
Mn 
co  
N i  
cu 
MO 
Pb 
Zn 
Cd 
Ag 
Au 
As 
Sb 
B i  
U 
Te 
Sn 
W 
L i  
Be 
B 
Zr 
La 
Ce 
Th 

A 1  

Concen t r a t ion  (mg/l)  
1.23 
2.50 
0.250 
0.500 
0.025 
0.625 
0.250 
0.125 
0.625 
0.013 
0.625 
1.25 
0.050 
0.250 
0.025 
0.125 
0.063 
1.25 
0.250 
0.125 
0.063 
0.050 
0,100 
0.625 
0.750 
2.50 . 

6.25 
1.25 
0.125 
0.125 
0.050 
0.005 
0.125 
0.125 
0.125 
0.250 
2.50 

Note: 
i s  rounded t o  the  n e a r e s t  whole number. 
l o w e s t  r e l i ab le  a n a l y t i c  v a l u e s  f o r  each element.  P r e c i s i o n  a t  t h e  LQD i s  
approximate ly  - +loo% of t h e  g i v e n  v a l u e  w i t h  a conf idence  l e v e l  o f  95%. 

When e l emen t s  are p r e s e n t  i n  detectable limits t h e  mg/l c o n c e n t r a t i o n  -- c3 
LGJD c o n c e n t r a t i o n s  r e p r e s e n t  t h e  

12 
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Table 2. Water Analysis from Wells and Springs i n  Weber and Davis Counties, Utah. 

(u  - elements not present or  not present i n  detectable concentrations.) 

Sample il w - 1  W-2 w-3 w-4 w-5 W-6 

Locat ion (8-5-1) 22cda (8-5-3)ZZadb ' (8-5-1) 17ddd (8-5-2)17ccd (B-5-1)17cbc (8-5-2 )15baa 
41008 I 59" 41009' 23" 41009 I43" 41009 '49" 41009 I 59" 41010 I29" 

111056'22" 112009'54" 111058'05" 112005 57" 111059 I10" 112003 15" 

Temp. 

PH 

TOS 

HC03 

Na 

K 

Ca 

Mg 

Fe 

Si02 

T i  

P 

Sr 

Ba 

Mn 

cu 

Zn 

L i  

E 

F 

C 1  

so4 

OC 

mg/l 

mg/l 

mg/l 

mg/ l  

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

my/ l  

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

my/ l  

mg/l 

15 

7.11 

420 

376 

28 

3 

96 

25 

2.15 

15 

U 

U 

0.29 

U 

U 

U 

0.5 

U 

U 

0.2 

29 

24 

23 

7.41 

178 

192 

51 

3 '  

21 

6 

U 

24 

U 

U 

0.20 

U 

U 

U 

U 

U 

U 

0.3 

23 

U 

20 

7.20 

292 

309 

22 

3 

63 

18 

0.03 

20 

U 

U 

0.27 

U 

U 

U 

U 

U 

U 

0.2 

24 

17 

17 

7.21 

200 

225 

24 

2 

44 

10 

0.29 

20 

U 

U 

0.29 

U 

U 

U 

0.2 

U 

U 

0.2 

20 

7 

23 

7.20 

269 

225 

19 

2 

62 

15 

U 

20 

U 

U 

0.25 

U 

U 

U 

0.4 

U 

U 

0.2 

22 

21 

16 

6.79 

460 

384 

34 

9 

77 

41 

U 

29 

U 

U 

0.51 

U 

U 

U 

0.2 

U 

U 

1.0 

36 

50 

Q 
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Table 2. (continued.) 

Sample # w-7 w-a w-9 w-10 w - 1 1  w-12 

Locat ion (E-5-3)14aaa (55-2)Uaac (6-5-1) ~ C C C  (8-5-2) 3bbb (6-6-2)31ddd (E-6-2)ZaCdd 
41O10' 34" 41°11'20" ' 41011'33" 41012 '15" 41O12' 21" 41013 '15" 

112°08'31t1 112000' 33" 112000' 20" 112003 I 46" 112006 09" 112004' 26" 

Temp. 

PH 

TU S 

HC03 

Na 

K 

Ca 

Mg 

Fe 

Si02 

T i  

P 

Sr 

Ba 

Mn 

cu 

Zn 

L i  

0 

F 

C1 

so, 

OC 

mg/l  

mg/ l  

mg/l 

mg/l 

mg/l 

mg/l 

m o / l  

mg/l 

mg/l 

mg/l 

mg/ l  

mg/ l  

mg/l 

mg/l 

my/1 

mg/ l  

mg/l 

mg/l 

mg/l 

mg/l 

19 

7.40 

2cm 

217 

33 

3 

46 

10 

0.14 

21 

U 

U 

0.31 

U 

U 

U 

0.5 

U 

U 

0.3 

25 

U 

18 

7.14 

270 

326 

26 

3 

68 

17 

ci. 07 

13 

U 

U 

0.22 

U 

U 

U 

0.4 

U 

U 

0.3 

23 

15 

15 

6.99 

286 

242 

19 

2 

63 

16 

I 1  

12 

U 

U 

0.22 

U 

U 

U 

U 

U 

U 

0.2 

26 

30 

16 

7.27 

239 

242 

29 

5 

44 

14 

n.a2 

16 

U 

U 

0.19 

U 

U 

U 

U 

U 

U 

0.3 

22 

5 

17 

7.38 

202 

267 

42 

5 

42 

13 

n.1n 

21. 

U 

U 

0.35 

U 

U 

U 

U 

U 

U 

0.2 

20 

U 

19 

7.17 

200 

192 

34 

4 

44 

0 

n.n? 

21 

U 

U 

0.30 

U 

U 

U 

0.2 

U 

U 

0.2 

27 

4 

Q Q 
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Table 2. (continued.) 

Sample # W-13 W-14 W-15 W-16 W-17 W-18 

Location (56-2)  25Cdb (8-6-2 )1Ydca (8-6-2) 2ladd (8-6-3 14cdd ( E6-2  1 l7aca (B-6-2)lOcda 
41013' 21" 41014'17" 41014' 31" 41015' 04" 41015 34Il 41015 54" 

112001 04" 112°06' 32Il 112O03 51" 112009'10" 112005' 21" 112003'17" 

Temp. 

PH 

TDS 

HC03 

Na 

K 

Ca 

Mg 

Fe 

Si02 

T i  

P 

Sr 

Ba 

Mn 

cu 
Zn 

Li 

OC 

mg/l 

mg/l 

mg/l 

mg/l 

my/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

my/l 

my/l  

mg/l 

mg/l 

mg/l 

mg/l 

18 

6.Y3 

1152 

584 

106 

76 

13 4 

73 

U 

19 

U 

2.9 

0.69 

U 

1.0 

U 

0.2 

0.05 

0.3 

0.3 

176 

105 

20 

7.47 

166 

209 

46 

3 

34 

7 

0.09 

19 

U 

U 

0.26 

U 

U 

U 

0.1 

U 

U 

0.3 

23 

U 

21 

6.96 

988 

209 

136 

19 

111 

27 

0.40 

23 

U 

U 

1.68 

0.8 

0.4 

U 

U 

0.13 

U 

0.2 

396 

U 

17 

7.44 

230 

259 

54 

9 

23 

10 

0.11 

33 

U 

U 

0.12 

U 

U 

U 

U 

0.07 

U 

0.5 

24 

U 

19 

6.03 

444 

309 

176 

7 

22 

6 

0.25 

19 

U 

U 

0.31 

U 

U 

0.6 

U 

0.20 

0.4 

0.8 

96 

U 

14 

7.17 

1470 

267 

395 

45 

84 

36 

1.54 

19 

U 

U 

1.13 

0.8 

0.4 

U 

U 

0.49 

0.3 

0.3 

756 

U 
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Table 2. (continued.) 

Sample # W-19 w-20 w-21 w-22 W-23 W-24 

Locat ion (B-6-118bda (&6-1)8bda (B-6-2)6dbd (B-6-314dab (B-7-1)32dca (&7-1)31dac 
41016 20'' 40016 ' 20" 41016 '57" 41017' 09" 41017 I42" 41017 '52'' 

111058 '38" 111058'40" 112006' 28" 112010'59'' 111058 '19'' 111059' 21" 

Temp. 

PH 

TUS 

HCOj 

Na 

K 

Ca 

Mg 

Fe 

S O 2  

T i  

P 

Sr 

Ba 

Mn 

cu 

Zn 

L i  

E! 

F 

C1 

s04 

OC 

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 

mg/l 

mg/l 

n g / l  

mg/l 

mg/l 

mg/l 

mg/l 

16 

7.47 

272 

225 

60 

9 

40 

13 

0.74 

18 

U 

U 

0.24 

U 

U 

U 

U 

U 

U 

0.2 

84 

U 

21 

6.77 

712 

551 

118 

25 

93 

49 

U 

21 

U 

U 

0.49 

U 

U 

U 

0.2 

0.09 

0.2 

0.5 

112 

4u 

17 

7.40 

490 

284 

136 

22 

54 

16 

0.31 

23 

U 

U 

0.43 

0.7 

U 

U 

0.6 

0.24 

0.2 

0.4 

166 

U 

22 

8.20 

530 

559 

225 

5 

4 

2 

0.31 

27 

U 

U 

0.02 

U 

U 

U 

U 

0.07 

0.6 

1.9 

36 

U 

13 

7.10 

156 

209 

12 

U 

42 

8 

U 

13 

U 

U 

0.13 

U 

U 

U 

U 

U 

U 

0.1 

11 

3 

15 

7.20 

140 

192 

12 

3 

34 

10 

U 

24 

U 

U 

0.11 

U 

U 

U 

U 

U 

U 

0.2 

10 

4 
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Table 2. (continued.) 

Sample # W-25 W-26 w-27 W-28 W-29 D-1 

Locat ion (57-1)  32bda (8-7-1 )33bba (8-7-1)32aaa (8-7-2)27dCC (8-7-2) 2ldcc (A-2-1)32Ccb 
41018 I 05" 41O1tl1 19" 41018' 24" 41018' 28" 41019' 23" 4cO51'34" 

111°58'40" 111O57 I47" 111O58' 07" 112O03 '11" 112°04' 21" 111°52'11" 

Temp. 

PH 

TDS 

HC03 

Na 

K 

Ca 

Mg 

Fe 

Si02 

T i  

P 

Sr 

Ba 

Mn 

cu 

Zn 

Li 

t) 

F 

c 1  

s04 

OC 

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 

my/l 

mg/l 

mg/l 

my/l 

mg/l 

mg/l 

mg/l 

15 

7.30 

160 

217 

21 

U 

42 

7 

U 

16 

U 

U 

U.13 

U 

U 

U 

0.2 

U 

U 

0.2 

9 

U 

12 

7.11 

170 

2u0 

8 

U 

50 

8 

U 

12 

U 

U 

U.09 

U 

U 

U 

U 

U 

U 

0.1 

9 

5 

13 

7.12 

172 

217 

14 

U 

51 

10 

0.15 

11 

U 

U 

0.10 

U 

U 

U 

U 

U 

' u  

0.1 

7 

5 

16 

7.29 

2906 

209 

766 

64 

185 

51 

1.92 

18 

U 

U 

3.86 

1.7 

0.6 

U 

U 

0.83 

0.4 

0.3 

1540 

U 

15 

7.60 

3296 

167 

601 

41 

3 04 

96 

3.10 

14 

U 

U 

5.18 

2.4 

0.6 

U 

U 

0.69 

0.3 

0.3 

1700 

U 

13 

7.20 

456 

359 

39 

2 

94 

27 

U 

17 

U 

U 

0.24 

U 

U 

U 

0.3 

U 

U 

0.2 

58 

37 
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Table 2. (continued.) 

Sample # 0-2 0-3 0-4 0-5 0-6 0-7 

Locat ion (52-1)36cbc (B-2-1135aad (A-2-1)30cbd (A-2-1)30acd ( A-2-11 28bca (&2-1)24bda 

111054 I 35" 111O54 '44" 111°53'17" 111O52 I38" 111°50'59" 
40051'41" 40052 '03" 40052 '30" 40052'44" 40052' 52" 40053 '42" 

111054 '04" 

Temp. 

PH 

TDS 

HC03 

Na 

K 

Ca 

Mg 

Fe 

Si02 

T i  

P 

Sr 

Ba 

Mn 

cu 

Zn  

L i  

0 

F 

C l  

s04 

OC 

mg/l 

mg/l 

mg/l 

mg/l 

my/l 

my/l  

mg/l 

nig/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/1 

my/l 

mg/l 

mg/l 

mg/l 

my/l 

nig/l 

14 

7. u3 

780 

351 

116 

4 

164 

41 

0.19 

16 

U 

U 

0.31 

U 

U 

U 

2.0 

U 

U 

0.2 

123 

l b 3  

14 

7.12 

600 

284 

93 

3 

89 

32 

U 

15 

U 

U 

0.31 

u *  

U 

U 

U 

U 

U 

0.2 

108 

98 

13 

7.20 

500 

359 

63 

3 

89 

33 

U 

14 

U 

U 

0.24 

U 

U 

U 

U 

U 

U 

0.2 

60 

54 

12 

7.22 

382 

301 

34 

2 

76 

2 1  

11 

13 

U 

U 

0.17 

U 

U 

U 

U 

U 

U 

0.2 

48 

32 

15 

7.19 

294 

209 

26 

2 

56 

16 

n.in 

15 

U 

U 

0.17 

U 

U 

U 

U 

U 

U 

0.2 

30 

49 

16 

7.39 

244 

184 

80 

1 

19 

5 

n,m 

16 

U 

U 

0.06 

U 

U 

U 

U 

U 

U 

0.3 

33 

20 
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Table 2. (continued.) 

Sample # D-8 0-9 D-10 0-11 0-12 D-13 

Locat ion (A-2-1 ) l8ddd (8-2-1)lZcda (A-2-1)8bdd (A-2-116dad (53-1)26acd (A-3-1) 19cda 
40054'03" 4855'01" 40055'19" 4 8 5 6  I04" 40057 I 56" 40058 I 34" 

111°52'19" 111O54 08" 111051 I52" 111O52' 24" 111O54' 58" 111052 '59" 

Tenp . 
PH 

TDS 

HC03 

Na 

K 

Ca 

Mg 

Fe 

S i 0 2  

T i  

P 

Sr 

Ba 

Mn 

CU 

Zn 

L i  

I3 

F 

C1 

SO& 

OC 

mg/l 

mg/l 

mg/l 

mg/l 

my/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

my/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

15 

7.11 

460 

292 

48 

2 

76 

25 

U 

18 

U 

U 

0.25 

U 

U 

U 

0.2 

U 

U 

0.2 

64 

53 

23 

7.40 

228 

242 

60 

2 

28 

6 

0.35 

20 

U 

U 

0.15 

U 

U 

U 

U 

U 

U 

0.3 

28 

2 

15 

7.40 

172 

15U 

26 

2 

26 

11 

u 

18 

U 

U 

0.15 

U 

U 

U 

U 

U 

U 

0.2 

16 

19 

22 

7.30 

290 

26 7 

41 

3 

40 

18 

U 

21 

U 

U 

0.43 

U 

U 

U 

U 

U 

U 

0.9 

40 

26 

17 

7.11 

438 

459 

109 

3 

50 

14 

0.78 

36 

U 

U 

0.29 

U 

U 

U 

u 

U 

U 

0.3 

54 

U 

12 

7.17 

226 

134 

18 

3 

41 

11 

U 

18 

U 

IJ 

0.11 

U 

U 

U 

0.4 

U 

U 

0.2 

' 26 

19 

Q 
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Table 2. (continued.) 

Q 8 

Sample # E-14 D-15 D-16 D-17 D-18 D-19 

(13-3-1 )late (@-3-1)6aab (&4-1)29dbb (@-4-2)27acc Location (&3-1)14Cdd (8-3-1) 14bbb 
4@59'17" 41000' 04" 41001' 39Il 41001' 50" 41003 09" 41003 '11" 

111055'18" 111°55 I 3811' 111°54'01" 111°59'26" 111O58' 31" 112003' 08" 

Temp. OC 

PH 
TDS mg/l 

HC03 mg/l 

Na mg/l 

K mg/l 

Ca mg/l 

Mg mg/l 

Fe mg/l 

Si02 mg/l 

Ti mg/l 

P mg/l 

Sr my/l 

Ba mg/l 

Mn mg/l 

cu mg/l 

Zn mg/l 

Li mg/l 

B mg/l 

F mg/l 

c1 mg/l 

soli mg/l 

21 

7.37 

252 

242 

17 

2 

56 

13 

U 

10 

U 

U 

0.21 

U 

U 

U 

U 

U 

U 

0.2 

21 

23 

17 

7.11 

332 

351 

22 

4 

43 

13 

0.03 

13 

U 

U 

0.12 

U 

U 

U 

U 

U 

U 

0.2 

35 

U 

13 

6.71 

'256 

159 

67 

2 

54 

8 

0.29 

29 

U 

U 

0.29 

U 

0.3 

U 

U 

U 

U 

0.2 

22 

55 

16 

7.21 

160 

184 

21 

1 

28 

8 

0.09 

20 

U 

U 

0.11 

U 

U 

U 

0.2 

U 

U 

0.2 

16 

U 

24 

7.51 

140 

159 

20 

2 

30 

7 

0.16 

21 

U 

U 

0.09 

U 

U 

U 

0.3 

U 

U 

0.3 

14 

U 

15 

7.48 

176 

175 

15 

1 

37 

8 

U 

17 

U 

U 

0: 15 

U 

U 

U 

0.1 

U 

U 

0.2 

14 

3 
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Table 2. (continued.) 

0 Q 

Sample # 0-20 0-21 0-22 0-23 0-24 0-25 

Location (B-4-1)22ddd (8-4-2)20bbb (B-4-1116bda (B-4-1)8dcd (8-4-1) 3Ccd (8-4-2) 6a bb 
41003 37" 41004' 28" 41004 I 5 9" 41005 ' 22" 41006'16" 41007 *03" 

111°55'51" 112O06 U5" 111°57'30" 111058' 24" 111056' 43" 112006 I 40" 

Temp. 

PH 

TDS 

HC03 

Na 

K 

Ca 

MY 

Fe 

Si02 

T i  

P 

Sr 

Ba 

Mn 

cu 

Zn 

L i  

t) 

F 

c 1  

s04 

OC 

mg/l 

mg/l 

mg/l 

my/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 

mg/l 

mg/l 

mg/l 

mg/l 

22 

7.10 

230 

2u9 

18 

3 

47 

12 

0.03 

24 

U 

U 

0.09 

U 

U 

U 

U 

U 

U 

0.2 

15 

16 

15 

7.41 

212 

192 

18 

2 

40 

10 

U 

19 

U 

U 

0.19 

U 

U 

U 

U 

U 

U 

0.2 

18 

U 

18 

7.20 

154 

125 

13 

U 

30 

8 

U 

16 

U 

U 

0.07 

U 

U 

U 

U 

U 

U 

0.2 

11 

5 

13 

7.20 

224 

209 

15 

U 

50 

12 

U 

15 

U 

U 

0.12 

U 

U 

U 

U 

U 

U 

0.2 ' 

15 

15 

12 

7.31 

294 

242 

17 

2 

67 

15 

U 

16 

U 

U 

0.15 

U 

U 

U 

U 

U 

U 

0.2 

17 

23 

16 

7.19 

240 

234 

20 

' 2  

51 

15 

U 

16 

U 

U 

0.27 

U 

U 

U 

U 

U 

U 

0.3 

23 

14 

Q Q 
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Table 2. (continued.) 

Sample # D-26 0-27 D-28 D-29 @den Hot Sprg.* Hooper Hot Sprg.* 

Location (t3-5-1135baa (55-1)27dcc (B-5-3)25dbd (8-5-2 126aaa (B-6-1) 23cca ( 5 5 3 ) 2 7 c b d  
41°07'55" 41007 I 58" 41008'12" 41008' 49" 41°14 I 09" 4iooa813*1 

111O55 I24" 112O10 30" 112°07' 40" 112001 I 34" 111°55'14" 11l0 56 13" 

Temp. 

PH 

TCS 

HC03 

Na 

K 

Ca 

Mg 

Fe 

Si02 

T i  

P 

Sr 

Ba 

Mn 

cu 

Zn 

L i  

0 

F 

c1 

s04 

OC 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

my/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

14 

7.14 

286 

284 

21 

1 

72 

15 

U 

16 

U 

U 

0.17 

U 

U 

U 

0.2 

U 

U 

0.3 

28 

22 

12 

7.19 

320 

301 

19 

1 

79 

18 

U 

14 

U 

U 

0.26 

U 

U 

U 

u.4 

U 

U 

0.2 

29 

24 

18 

7.21 

246 

217 

19 

2 

53 

14 

U 

19 

U 

U 

0.30 

U 

U 

U 

0.1 

U 

U 

0.3 

20 

16 

17 

7.17 

270 

284 

17 

1 

63 

17 

U 

13 

U 

U 

0.26 

U 

U 

U 

U 

U 

U 

0.2 

22 

28 

56 

7.1 

9040 

214 

2948 

354 

344 

6.6 

1.9 

45 

U 

U 

8.5 

0.5 

0.7 

U 

U 

6.9 

3.2 

3.6 

5060 

106 

57 

6.5 

3830 

233 

2326 

222 

477 

76 

1.8 

28 

U 

U 

10 

1.6 

1.4 

u 

0.2 

2.4 

0.9 

0.9 

4720 

36 

it Data co l l ec ted  from Glenn e t  al. ,  1980, Earth Science Laboratory Report No. 34. 
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Figure  2.  P i p e r  diagram o f  common i o n s  from samples c o l l e c t e d  i n  Davis 
County, Utah. 
t o t a l  m i l l i e q u i v a l e n t s .  
t empera tures  I 2OoC. Roman numerals i n d i c a t e  c l a s s i f i c a t i o n  o f  
water types.  

Chemical c o n s t i t u e n t s  are p l o t t e d  a s  percentage  o f  
Darkened symbols i n d i c a t e  samples w i t h  

23 
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Figure  3 .  Pipe r  diagram of common i o n s  from samples c o l l e c t e d  i n  Weber 
County, Utah. 
t o t a l  m i l l i e q u i v a l e n t s .  
t ernperatures 2 20°C. Roman numerals i n d i c a t e  c l a s s i f i c a t i o n  of 
water type s . 

Chemical c o n s t i t u t e n t s  a re  p l o t t e d  a s  percentage  of 
Darkened symbols i n d i c a t e  samples w i t h  
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F i g u r e  4.  P i p e r  diagram of common i o n s  f'rom a l l  samples c o l l e c t e d  i n  Davis 
( A )  and Weber ( 0  Count ies ,  Utah. Squares  r e p r e s e n t  Oyden and 
Hooper ho t  s p r i n g s .  
pe rcen tage  of t o t a l  m i l l i e q u i v a l e n t s .  Darkened symbols i n d i c a t e  
samples w i t h  t empera tu res  2 20°C. Roman numerals i n d i c a t e  
c l a s s i f i c a t i o n  of water types .  
i d e n t i f i c a t i o n  o f  i n d i v i d u a l  samples. 

Chemical c o n s t i t u e n t s  are p l o t t e d  a s  

See f i g u r e s  2 and 3 f o r  

25 
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composing Type I water were en r i ched  i n  ca lc ium o r  ca lc ium and magnesium 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  p r e s e n t  and b i cd rbona te  t o  o t h e r  an ions .  

waters a r e  r e p r e s e n t a t i v e  of  rnost ground-water r echa rge  i n  t h e  a r e a  and are 

character is t ic  o f  t h e  Weber ana Oyden Rivers, mountain-f r o n t  s t r eams ,  and 

seepage  from t h e  Wasatch Ranye. 

was a l s o  Ca-Na HCO3-C1-SLl4 i n  c h a r a c t e r  b u t  con ta ined  s i g n i f i c a n t l y  more 

TDS (1,UZ mg/ l ) .  

Type I 

One o t h e r  sarnple, n o t  i n c l u d e d  i n  t h i s  yroup, 

Type 11 water i s  sodium - calcium b ica rbona te  - c h l o r i d e  - s u l f a t e  (Na-Ca 

HCO3-C1-SO4) i n  character, d i l u t e  w i t h  TUS ranging  from 178 t o  438 rng/l, 

ana  s l i g h t l y  basic. 

c a t i o n s  p r e s e n t  and b i c a r b o n a t e  t o  o t h e r  an ions .  

11 occur  i n  t h e  wes tern  margin o f  the s t u d y  a r e a  both i n  Wber and Davis 

c o u n t i e s .  

a t t r i b u t e d  t o  calcium and magnesium being exchanyed f o r  sodium a s  t h e  water 

moves through t h e  lake  clays (Fe th  e t  a l .  , 1966). 

A l l  samples are e n r i c h e d  i n  sodium w i t h  r e s p e c t  t o  o t h e r  

A l l  samples inc luded  i n  Type 

These waters, o c c u r r i n g  downyradient from Type I w a t e r s ,  have been 

Type IIL water i s  sod iumca lc ium c h l o r i d e  (Na-Ca Cl) i n  c h a r a c t e r  w i t h  the 

e x c e p t i o n  o f  sarnple W-18 which h a s  a sodium-calciurn c h l o r i d e - s u l f a t e -  

b i c a r b o n a t e  (Na-Ca C1-SU4-HC03) c h a r a c t e r .  

Ogden and Hooper Hot Spr ings .  

(TDS c o n c e n t r a t i o n s  ranging  f rom 1,470 t o  9,040 mg/l)  and s l i g h t l y  basic. 

Sample W-15 was n o t  i nc luded  wi th  Type 1 1 3  because t h e  TUS c o n c e n t r a t i o n  was 

on ly  988 mg/l ( d i l u t e ) ,  t h e  pH i n d i c a t e d  t h e  water was s l i g h t l y  acidic ,  and 

t h e  water was calcium-sodium ch lo r ide - su l f a t e -b i ca rbona te  (Ca-rda C1-S04- 

HC03) i n  character. Unlike Type 111 water, W-15 was e n r i c h e d  i n  ca lc ium 

p l u s  maynesium with respect t o  o t h e r  c a t i o n s  p r e s e n t .  Type 111 waters are 

cons ide red  t o  be characteristic of thermal  water d e f i n e d  by Cole (1982) as  

l e a k a g e  from deeper geothermal r e s e r v o i r s .  

Inc luded  w i t h  Type I11 are 

Type I11 water i s  s l i g h t l y  t o  moderately s a l i n e  
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Three samples n o t  i nc luded  i n  t h e  t h r e e  major water t y p e s  a r e  D-3, W-21, 

and \.J-22. 

C1-S04-HC03) i n  character and d i l u t e  w i tn  a TDS c o n c e n t r a t i o n  of 600 

mg/l. Unl ike  W-15, however, D-3 i s  en r i zhed  i n  b i ca rbona te ,  has a 

c o n s i d e r a b l y  h i g h e r  c o n c e n t r a t i o n  of  su l ra te ,  and i s  s l i g h t l y  basic. 

W-21 i s  sodium-calcium c h l o r i d e - s u l f a t e - b i c a r b o n a t e  (Ca-Na C1-S04-HC03 ) i n  

character, bu t  u n l i k e  W-18, i s  d i l u t e  with a TDS c o n c e n t r a t i o n  o f  490 mg/l. 

Sample b1-22 i s  unique with r e s p e c t  t o  o t h e r  samples c o l l e c t e d .  

TUS c o n c e n t r a t i o n  o f  53J mg/l, W-22 is  sodium b i c a r b o n a t e  (Na HCU3) i n  

character and basic (pH=8.2). 

Sample 0-3 i s  calcium-sodium c h l o r i d e - s u l f a t e - b i c a r b o n a t e  (Ca-Na 

Sample 

Excluding t h e  

P la te  4 p r e s e n t s  TDS d i s t r i b u t i o n s  i n  t h e  s t u d y  a r e a ,  d e p i c t i n g  t h e  

anomalous c o n c e n t r a t i o n s  f o r  t h e  p o t e n t i a l  low-temperature geothermal a r e a .  

P la te  5 p r e s e n t s  anomalous c h l o r i d e  d i s t r i b u t i o n s  f o r  t h e  same a r e a .  

Stable IsotoDe Analys is  

Stable  i s o t o p e  a n a l y s i s  was conducted by Cole (1982) i n  t h e  Eas t  Shore 

area t o  de t e rmine  t h e  o r i g i n  of  t h e  thermal waters l o c a t e d  there. 

t h i s  s t u d y  i n d i c a t e  t h e  thermal h o t  sp r ing  waters r e s u l t  f r o m  f a u l t - c o n t r o l l e d  

deep c i r c u l a t i o n  of  me teo r i c  waters derived from high  e l e v a t i o n s  i n  t h e  

mountains. 

v i c i n i t y  of  t h o s e  ho t  s p r i n g s  o c c u r s  froni deeper r e s e r v o i r s  i n t o  o v e r l y i n g  

c o o l e r  aquifers. 

Results of 

T h i s  s t u d y  a l s o  i n d i c a t e s  l e a k a g e  o f  thermal waters i n  t h e  
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Cer ta in  t r a c e  element concentrat ions may be h e l p f u l  i n  q u a l i t a t i v e l y  

d i s t i n g u i s h i n g  thermal  from non-thermal waters i n  Davis and Weber count ies.  

L i  concentrat ions f o r  those waters n o t  i nc luded  with t h e  h o t  spr ings  o r  

proposed thermal  anomaly i n  F igure  4 were p r i m a r i l y  below detec tab le  l i m i t s  

(0.050 mg/l).  S i x  samples, however, had concentrat ions which ranyed from 0.05 

t o  0.24 mg/l. The h o t  spr ings  and the samples i nc luded  i n  the thermal anomaly 

had, i n  Comparison, L i  concentrat ions rar iy iny from 0.13 t o  6.9U m c j / l .  S r  

concent ra t ions  f o r  h o t  spr ing  waters and the thermal anomaly ranged from 1.13 

t o  10 mg/l. St ront ium concentrat ions f o r  a l l  o the r  samples ranged from U.02 

t o  0.69 my/l. 

f o r  h o t  sp r ing  waters as w e l l  as those within t h e  thermal  anomaly. 

Barium concentrat ions ranged from l e s s  than .50 t o  2.40 mg/l 

With the  

except ion  o f  sample W-21 (0.7 mg/ l ) ,  Ba c:oncentrat ions were below detec tab le  

l i m i t s  ( l e s s  than .625 my/ l )  i n  a l l  o ther  waters sampled. 

Other Geochemical I n d i c a t o r s  

Accordiny t o  White (1970) ,  t h e  r a t i o  o f  Ca/hCO, ranyes f rom near U t o  

1,UUU f o r  n a t u r a l  thermal  waters. 

comparison o f  Ca and H a 3  i s  o f t e n  usefu l .  i n  d i s t i n g u i s h i n g  thermal  from 

non-thermal waters. 

purpose i n  Weber and Davis  counties. 

anomaly water ranged from 0.96 t o  6.23. 

r a t i o s  ranged from 0.02 t o  1.03 f o r  a l l  remaining samples c o l l e c t e d  and 

analyzed. 

White (1970) a l s o  s t a t e s  t h a t  q u a l i t i a t i v e  

Ca/HC03 r a t i o s  seern t o  be a v i a b l e  method f o r  t h i s  

Ca/hC03 f o r  h o t  sp r ing  and t h e  thermal  

Exc lud ing 0-2 (1.421, Ca/hC03 
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4ccord ing  t o  E l l i s  and Mahon (1977) :cati@s o f  s o l u b l e  c o n s t i t u e n t s  such  a s  

C U B  and Na/Li have been used i n  most exp lo red  geothermal a r e a s  a s  a i d s  t o  

de te rmining  t h e  a rea l  e x t e n t  o f  a geott1e:cmal a q u i f e r .  Unfo r tuna te ly ,  8 and L i  

c o n c e n t r a t i o n s  i n  t h i s  s t u d y  area were below detectable limits i n  many samples 

c o l l e c t e d  and, t h e r e f o r e ,  use of  these t echn iques  was somewhat l imi t ed .  Na/Li 

r a t i o s  f o r  t h o s e  samples w i t h  measurable L i  provided no d e f i n i t i v e  results. 

C U B  r a t i o s  where B was measurable,  however, i n d i c a t e  t h a t  h o t  s p r i n y  and 

proposed thermal waters are anomalous w i t h  r e s p e c t  t o  o t h e r  samples w i t h  

measurable B. C l / B  ranged from 476 t o  1,667 f o r  a l l  thermal waters ( h o t  

s p r i n y  and t h o s e  i n  the anomaly); t h e  remaining samples had C U B  r a t i o s  

ranging  from 1U t o  250. 

Geothermometry 

8 

0 

0 

0 

Chemical geothermometers were c a l c u l a t e d  f o r  a l l  water  samples c o l l e c t e d  

i n  Weber and Davis c o u n t i e s  and f o r  Ogderi and Hooper hot S p r i n g s ,  f o r  which 

data  were e x t r a c t e d  from Glenn e t  a l .  (1Y8U). Geottiermometers cons ide red  

app l i caDle ,  and used  i n  t h i s  s t u d y  are: 1) s i l i c a  ( q u a r t z  conduc t ive  and 

cha lcedony) ;  2) sodium - potass ium - calcium ( N a - K - C a )  w i t h  ana wi thout  

rnagnesium c o r r e c t i o n  (Mg) ; and 3 )  sodium/ l i th ium (Na/Li) . 
The r e l i a b i l i t y  of  S O 2  and Ida-K-Ca ( w i t h / w i t h o u t  My c o r r e c t i o n )  

geothernometers  depends upon f i v e  assumptions ( F o u r n i e r  e t  a l .  , 1974). These 

assumptioris are: 

1. 

2. 

Temperature-dependent r e a c t i o n s  occur  a t  depth .  

A l l  c o n s i t u t e n t s  i n v o l v e a  i n  t h e  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. 
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3 .  

4. 

5. 

Na te r - rock  chemical e q u i l i b r a t i o n s  occur  a t  t h e  r e s e r v o i r  

temperat ure. 

L i t t l e  or  no e q u i l i b r a t i o n  o r  chanye i n  composi t ion  o c c u r s  a t  lower 

t empera tu res  a s  t h e  water f lows  from t h e  r e s e r v o i r  t o  t h e  surface. 

The h o t  water cominy frorn deep i.n t h e  system does  n o t  m i x  w i t h  

c o o l e r ,  sha l low ground water .  

Real is t ical ly ,  most low tempera ture  therriial systems occur  i n  hydro log ic  

regimes which p r e c l u d e  a l l / some  of these assumptions.  

P o t t e r  (1979) p r e s e n t e d  data which i n d i c a t e  t h e  Na-K-Ca geotherrnometer g i v e s  

anomalously h igh  results f o r  waters rich i n  Mg. 

c o r r e c t i o n  t o  accomodate t h i s  occur rence .  

s u b j e c t  t o  e r r o r  i f  t h e  Mg c o n c e n t r a t i o n  i n c r e a s e s  d u r i n g  upward flow w h i l e  

t h e  water coo l s .  

r e s e r v o i r  temp era t u re. 

Also, Fourn ie r  and 

They de r ived  a t empera tu re  

Unf o r tu r i a t e ly  , t h i s  c o r r e c t i o n  i s  

T h i s  c o n d i t i o n  w i l l  r e w l t  i n  a n  anomalously low c a l c u l a t e d  

F o u i l l a c  and Michard (1981) have sugges ted  a t h i r d  yeotherrnoneter based on 

Na/Li r a t i o s .  

b u t  does  p rov ide  f o r  comparison. 

T h i s  yeothemorneter,  undeIs tandably  , should  n o t  be  used a l o n e ,  

The Si02, Na-K-Ca, and Na/Li yeotherniometers a r e  a l l  comrnonly used i n  

geothermal  e x p l o r a t i o n .  Each yeotherrnorneter, however, has  c e r t a i n  l i m i t a t i o n s  

which p r e c l u d e  i ts use e x c l u s i v e l y .  Thexefore,  u se  o f  these g e o t h e n o m e t e r s ,  

i n  this r e p o r t ,  w i l l  be  l i m i t e d  t o  1) prcividing tempera ture  r anyes  t h a t  can  be 

expec ted  a t  d e p t h ,  and 2) h i g h l i g h t i n g  arlomalies w i t h i n  t h e  calculated results 

which cou ld  be i n d i c a t i v e  o f  low-temperat ure y e o t h e r n a l  r e s e r v o i r s .  

Fourn ie r  (1977) s u g g e s t s  t h a t  i f  t h e  Na-K-Ca geothermometer i n d i c a t e s  a 

t empera tu re  of less t h a n  100°C, t h e  s i l i c a  c o n t e n t  o f  t h e  water i s  a 

f u n c t i o n  o f  chalcedony s o l u b i l i t y .  For t empera tu res  g r e a t e r  than  1011 C ,  t h e  

s i l i c a  tempera ture  should  be  calculated assurniny t h e  s i l i c a  c o n t e n t  i s  a 

0 
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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 .  

u n d i s s o c i a t e d  s i l i c a  i s  less t h a n  60 mg/L, t h e  s i l i c a  tempera ture  refers t o  

e q u i l i b r i u m  w i t h  chalcedony and between 60 and 250 mg/l, i t  has  n o t  been 

determined whether chalcedony o r  q u a r t z  governs t h e  amount of  s i l i c a  i n  t h e  

system. 

c o n c e n t r a t i o n s  from t empera tu res  between 100 and 180°C, both chalcedony and 

q u a r t z  temperatures were calculated. 

I n  I c e l a n d ,  Arnorsson (1975) found t h a t  when 

Due t o  t h e  l a c k  of concensus r ega rd ing  which form of s i l i c a  governs  

Table 3 p r e s e n t s  measured and calculated yeothermoneter t empera tu res  f o r  

water samples c o l l e c t e d  i n  Davis County. 

f o r  well samples w i t h  Na-K-Ca t empera tu res  less than  10U°C, ranged from 7 t o  
0 56 C whi le  Na-K-Ca t empera tu res  f o r  t h o s e  same samples ranyed from -1 t o  

44OC. Two samples (D-22 and U-23) had K c o n c e n t r a t i o n s  below d e t e c t a b l e  

limits, t h e r e b y  p rec lud ing  t h e  use of t h e  Na-K-Ca method. 

provided  a Na-K-Ca t empera tu re  of 197 C, the  only sample w i t h  a Na-K-Ca 

t empera tu re  g r e a t e r  t h a n  100 C. The SiO,, ( q u a r t z )  computed tempera ture  

f o r  Hooper Hot S p r i n y s  i s  81 C whi le  t h e  Na/Li geothermometer provided  a 

t empera tu re  of  78 C. 

S i02  (chalcedony) t empera tu res ,  

Hooper Hot SprirlgS 
0 

0 

0 
L. 

0 

E x c e l l e n t  agreement between t h e  Si02 ( q u a r t z )  and Na/Li geothermometers 

f o r  Hooper Hot  S p r i n g s  e x i s t s ,  b u t  t h e  Na-K-Ca t empera tu re  i s  s i g n i f i c a n t l y  

h ighe r .  

i s  i n  much better agreement. 

i s  s i g n i f i c a n t l y  h i y h  which, acco rd ing  tci Fourn ie r  (1981), i n d i c a t e s  water 

rock  r e a c t i o n s  have occur red  a t  re la t ively low t empera tu res  which cou ld  

subject t h i s  c o r r e c t i o n  t o  e r r o r .  

l 0 O 0 C  i s  cons ide red  feasible  f o r  t h e  system supply iny  Hooper Hot Spr ings  

u n l e s s  s i g n i f i c a n t  d i l u t i o n  i s  occur r ing .  

HOwever, t h e  Mg c o r r e c t i o n  provi.des a tempera ture  of 1U3OC, which 

The Mg conc:en t ra t ion  f o r  t h i s  sample, however, 

A maximum tempera tu re  of no g r e a t e r  than  

Although f ive  o t h e r  samples 
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Table 3. Chemical yeothermometers and surface temperatures f o r  f l u i d s  i n  
( O C )  from Weber and Davis Counties, Utah. 

Sample Mea s . Na-K-Ca 
8 Number Ternp . Chalcedony Qtz.  (Cond) Na-K-Ca (My co r r . )  Na/Li* 

w - 1  15 
W-2 23 
111-3 20 
w-4 17 
w-5 23 
W-6 16 
w -7 19 
w-8 18 
w-9 15 
k-10 16 
w - 1 1  17 
w-12 19 
W-13 18 
W-14 2U 
W -15 21 
N-16 17 
w-17 1 Y  
w-18 14 
w-19 16 
N-2 0 21 
w-21 17 
W-22 22 
w-23 13 
w-24 15 
w-25 15 
W-26 12 
H-27 13 
W-28 16 
w-29 15 
+Uyden H.S. 57 
D-1 13 
0-2 14 
0 -3 14 
0-4 13 
D-5 12 
0- 6 15 
D-7 16 
D-8 15 
D-9 23 
0-1U 15 
D-11 22 
U-12 17 
0-13 12 
D-14 21 
D-15 17 

21 
39 
3 1  
31 
3 1  
47 
33 
15 
13 
23 
33 
33 
29 
29 
37 
52 
29 
29 
27 
33 
37 
44 
15 
39 
23 
13 
10 
27 
18 
69 
25 
23 
21 
18 
15 
21 
23 
27 
31  
27 
33 
56 
27 
7 
15 

53 
70 
63 
63 
63 
78 
65 
48 
45 
55 
65 
65 
67 
b2 
69 
a3 
62 
67 
6 O  
63 
74 
79 
48 
70 
55 
45 
42 
65 
37 
100 
57 
55 
53 
51  
48 
53 
55 
60 
63 
60 
65 
87 
60 
39 
48 

22 
53 
27 
24 
17 
56 
35 
27 
16 
48 
52 
44 
279 
43 
86 
85 
91 
19 u 
74 
98 
1U8 
129 

32 

178 
107 
223 
16 
32 
33 
30 
18 
20 
30 
20 
38 
33 
39 
44 
32 
17 
40 

48 

72 
51  
68 
41 
65 
37 
60 
48 

41 

74 
91 
83 
85 

63 
110 
24 

62 61 
s3 84 

201 
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Sample Me as. Na-K-Ca 
Number Temp. Chalcedony Qtz.  (i2ond) Na-K-Ca (Mg co r r . )  Na/Li* 

0-16 13 
D-17 16 
U-18 
U-19 
0-20 
D-21 

D-23 
0-24 
0-25 
0-2b 
0-27 

Q u-22 

24 
15 
22 
15 
18 
13 
12 
16 
14 
12 

8 0-2 8 18 
D-29 17 
+Hoover H.S. 57 

47 
3 1  
33 
25 
39 
29 
23 
21 
23 
23 
23 
18 
29 
15 
45 

78 
63 
65 
57 
70 
62 
55 
53 
55 
55 
55 
51 
62 
48 
81 

28 
14 
28 
7 
30 
23 

15 
20 
1 
-1 
19 
1 
19 7 103 78 

Spaces are  blank i f  an element was undetectable o r  i f  R>50, p rec lud ing  the use 

+Data c o l l e c t e d  from Glenn e t  a l . ,  1980. 
0 o f  a p a r t i c u l a r  geothermorneter. 

Equations f o r  geothermorneters used t o  compute subsurface temperatures: 

0 

0 

Wuartz (Conductive): 

Na-K-Ca : 

- 273.15 - 1032 
4.69 - log h102 

1647 - 273.15 t ( % )  = 
log (Na/K) + 8 Llog( Ca 1/2/Na) + 2.U61 + 2.47 

Where t) = 1/3 f o r  t b l U O ° C  
= 4/3 f o r  t 4 l u U O c  

SiO2, Na, K ,  and Ca values i n  mg/l 

Magnesium cor rec t ion :  

Temperature 7U°C 

R = (Mg/Mg+Ca+K) X l c l O  
R A  50 

Mg, Ca, K i n  equivalent  u n i t s - o f  concentrat ion 

Na/Li :  
t ( 0 C )  = lUUU 

l o g  (Na/Li) + 0.38' 

Na and L i  i n  molar i ty  

Sources: Fournier ,  1981 
Fournier and P o t t e r ,  1979 
Fou i l l ac  and Michard, 1981 
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provided  well head t empera tu res  above ZO"C, t h e  chemical yeo thenomet  ers 

i n d i c a t e  no s i g n i f i c a n t l y  wanlier thermal wa te r s  a t  depth .  

Measured and calculated geotherr,lometer t empera tu res  f o r  wells sampled i n  

Weber County a r e  a l s o  p re sen ted  i n  Table  3 .  

f o r  Na-K-Ca t empera tu res  less than  10U°C ranged from 15 t o  47OC.  

sarnples (W-23, 25,  26 and 27) had K c o n c e n t r a t i o n s  below detectable limits 

and, t h e r e f o r e ,  p rec luded  t h e  use of  t h e  Na-K-Ca geothermometer. 

(cha lcedony)  t empera tu res  f o r  these sampl.es ranged from 10 t o  2 3 O C .  

( q u a r t z )  t empera tu res  f o r  samples w i t h  Na-K-Ca t empera tu res  g r e a t e r  t han  

100°C ranged from 57 t o  79OC. 

Na-K-Ca t empera tu res  were a l l  less than  l.OO°C and ranged from 41 t o  6 2 O C .  

Na/Li t empera tu res  f o r  these samples ranged from 41 t o  l l O ° C .  

SiU2 (cha lcedony)  t empera tu res  

Four 

Si02 

S i02  

After empl.oyiny the My c o r r e c t i o n ,  t h e  

Samples from Weber County, o t h e r  t han  Oyden Hot Spr inys ,  w i t h  

geothermometer t empera tu res  thought  t o  b e  i n d i c a t i v e  of  h e a t  by deep 

c i r c u l a t i o n  are W-15, W-28 and W-29. 

warm tempera tu res ,  b u t  f a i l ed  t o  provide  c o n s i s t e n t  results between a l l  three 

yeo the r somete r s  employed. Sample bJ-15 had the most c o n s i s t e n t  results, w i t h  

t empera tu res  of  69, 72 and 74 C f o r  t h e  S i02  ( q u a r t z ) ,  Na-K-Ca (My 

c o r r e c t e d ) ,  and Na /L i  geothermometers, r e s p e c t i v e l y .  

Other samples c o l l e c t e d  provided  some 

0 

Si02 ( q u a r t z ) ,  Na-K-Ca 

(My c o r r e c t e d )  and Na/Li t empera tu res  f o r  W-28 were 6 5 ,  62 and 81"C, 

r e s p e c t i v e l y ;  results f o r  sample W-29 were 57, 53 and 8 4 O C .  

Na/Li  t empera tu res  f o r  Ogden H o t  S p r i n g s  were 223 and 2 O l 0 C ,  r e s p e c t i v e l y .  

Na-K-Ca and 

Genera l ly ,  chemical geothermometer t empera tu res  f o r  well samples c o l l e c t e d  

i n  Weber County i n d i c a t e  one area i n  a d d i t i o n  t o  Oyden Hot S p r i n g s  t h a t  might 

have p o t e n t i a l  a s  a low tempera ture  geothermal  r e source .  

d e s i y n a t e d  p rev ious ly  a s  having low-temperature geothermal  p o t e n t i a l  ( P l a t e  

3 ) .  Although t h e  t empera tu res  i n  t h i s  area, w i t h  t h e  e x c e p t i o n  o f  W-15, a r e  

T h i s  area has  been 
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no t  anomalously warm, the  geothemometers do i n d i c a t e  mix ing  has occurred and 

warmer water could be expected a t  depth. Sources f o r  t h i s  water cou ld  be the  

r e s u l t  o f  leakage from concealed f a u l t s  which are  i n d i c a t e d  t o  be present i n  

t h i s  area on P l a t e  1. 

leakage f r o m  Utah Hot Springs and/or Ogdrn Hot Springs. 

Another p o s s i b i l i t y  i s  l a t e r a l  f l o w  r e s u l t i n g  from 

Samples W-2, W-3, W-5, W-14, W-20 and W-22 have measured temperatures 

20°C o r  greater ,  b u t  common i o n  ana lys i s  and chemical geothermometry do n o t  

i n d i c a t e  any anomalous s i g n i f i c a n c e  when compared t o  o the r  samples c o l l e c t e d  

i n  t h i s  area. 

TUvlPEH A T U N  4EPTI-1 ME ASUREME NTS 

0 

8 

Temperature-depth measurements, and i:he subsequent temperature y rad ien ts  

der ived  thereo f ,  are 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 de tec t  thermal  anorrialies (Lauyhlin, .lY82). Temperature grad ien ts  a re  

af fected by heat f l ow  and thermal  conducl:ivity. 

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 near-surface 

express ion o f  geothermal cond i t i ons  a t  depth. 

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 i v i t y  of 

t h e  m a t e r i a l  through which t h e  heat  is bc i t y  t ransmi t ted  by conduction 

(Kappelmeyer and haenel, 1Y74). A t  shall-ow depths, temperature y rad ien ts  a re  

af fected by sur face temperature. 

depth (Kappelmeyer and Haenel, 1974). W.so, temperature measurements a re  

s t r o n y l y  i n f l uenced  by the  movement o f  ground water (sometimes t o  depths of 

hundreds o f  meters and i t  should always tie recognized t h a t  temperature 

grad ien ts  a re  meaninyful on l y  f o r  conduct ive heat  t r a n s f e r  and t h a t  v e r t i c a l ,  

Heat f l o w  i s  t h e  conductive 

For  a g iven heat  f low, t h e  

This el ' fect i s  e l im ina ted  below 98 f t  i n  
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as w e l l  as h o r i z o n t a l ,  convect ion can upset the e x t r a p o l a t i o n  o f  temperature 

i n fo rma t ion  (Laughlin, 1982; and Lumb, 1Si81). 

Considerable t ime was spent t r y i n g  t c i  l o c a t e  s u i t a b l e  "holes of 

oppor tun i ty "  i n  Davis  and Weber count ies  f o r  t h e  purpose o f  temperature-depth 

l oyg iny .  Unfortunately, no s u i t a b l e  ho les  were loca ted .  bwever ,  two thermal  

g rad ien t  holes, as mentioned prev ious ly ,  were d r i l l e d  a t  h i l l  A i r  Force Base 

near Oyden, Utah f o r  a study conducted by Glenn e t  a l .  (1980) . According t o  

t h e  r e p o r t ,  c o l d  water near-surface a q u i f e r s  o f  t h e  Weber d e l t a  l i k e l y  mask 

any deeper warm f l u i d s  t h a t  may be preset-,t; d r i l l i n g  t o  3280 f t  f a i l e d  t o  

i d e n t i f y  any anomalously warm zones. 

0 

0 

8 

6 

SWYMARY AND CIINCLUSIONS 

tieothermal reconnaissance techniques employed i n  Davis  and Weber count ies,  

Utah have i d e n t i f i e d  an area as hav ing low-temperature geothermal resource 

p o t e n t i a l .  Th i s  area i s  genera l l y  dep ic ted  by sample l o c a t i o n s  W-29, W-28, 

W-18, and W-15 and i s  i d e n t i f i e d  on P l a t e  3 and o the r  p la tes .  

temperatures f o r  these samples were genera l l y  q u i t e  low (14 t o  16OC) wi th  

t h e  except ion  o f  W-15 ( 2 1 O C ) .  

anomalous from o t h e r  w e l l  waters sampled, but s i m i l a r  t o  Oyden and Hooper Hot 

Measured 

however, geochemically t h i s  area i s  q u i t e  

Sprinys. 

Comnon i o n  ana lys i s  f o r  t h i s  area i n d i c a t e  these waters a re  Na-Ca C1, 

Na-Ca Cl-S04-HC03 and Ca-Na C1-S04-hC03 i n  character .  

Hooper Hot Spr ings a re  a l s o  Na-Ca C 1  waters. 

W-15 have common i o n  concent ra t ions  t h a t  a re  s i g n i f i c a n t l y  d i f f e r e n t  from a l l  

o t h e r  samples c o l l e c t e d  i n  the  study area; Na and C 1  concentrat ions are much 

greater .  

Ogden and 

Samples W-29, W-28, W-18, and 
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Na-K-Ca wi th /wi thout  t h e  Mg-correction, S i02  (chalcedony and q u a r t z ) ,  

and E W L i  geothermometers i c l en t i fy  t h i s  proposed low-temperature thermal  a r e a  

as  haviny somewhat s i g n i f i c a n t  t empera tu res  a t  depth.  

expec ted  r anye  from 60 t o  9U°C whi le  t empera tu res  f o r  o t h e r  samples are 

p r i m a r i l y  less t h a n  50 C. 

f avorab ly  w i t h  research conducted p rev ious ly  by Cole (1982) and Glenn e t  a l .  

Temperatures t o  be 

0 These t empera tu res  seem r e a s o n a b l e  and compare 

(1980). 

Trace element a n a l y s e s  i n d i c a t e s  c o n c e n t r a t i o n s  of L i ,  S r ,  and Ua were 

g e n e r a l l y  h i g h e r  f o r  t h i s  proposed thermal a r e a ,  a s  well a s  Hooper and @den 

Hot Spr inys ,  t h a n  f o r  a l l  o t h e r  waters sampled i n  t h e  s t u d y  a rea .  L i t h i u m ,  

Sr,  arid Bd c o n c e n t r a t i o n s  range  from 0.13 t o  14.00 nlg/l, from 1.13 t o  10.00 

m y / l ,  and from 0.50 t o  2.40 mg/l, r e s p e c t i v e l y .  Concen t r a t ions  o f  these t r a c e  

e lements  f o r  a l l  remaining samples a r e  a:, fo l lows :  

0.25 mg/l; 2 )  S r  - 0.02 t o  0.69 nig/l; and 3 )  Ba - u n d e t e c t a b l e  w i t h  t h e  

e x c e p t i o n  of  sample W-21 ( 0 . 7 ~  n iy / l ) .  

1) L i  - u n d e t e c t a b l e  t o  

R a t i o s  o f  Ca/HCO3 and C l / B  provided  further evidence  of a geochemical 

Ca /HCOj  r d t i o s  f o r  t h i s  anomaly p e r t a i n i n y  t o  t h e  proposed thermal a r e a .  

a r e a  ranged from 0.96 t o  5.54, were similar i n  va lue  t o  Ogden and Hooper Hot  

S p r i n g s  which had r a t i o s  o f  5.66 and 6.231, r e s p e c t i v e l y ,  and were 

s i g n i f i c a n t l y  h i g h e r  t han  a l l  o t h e r  samples w i t h  t h e  excep t ion  of 0-2 (1.42). 

C U B  r a t i o s  f o r  t h i s  area ranyed from 47i t o  1,667, were q u i t e  s i m i l a r  t o  

Hooper and Ogden Hot  S p r i n g s  (1,667 and 1,000, r e s p e c t i v e l y )  and were a l s o  

s i g n i f i c a n t l y  g r e a t e r  t han  a l l  o t h e r  samFles wi th  detectable B. 

r a t i o i n g  provided no conc lus ive  results. 

Na/Li 

T n i s  s tudy  was extremely l i m i t e d  i n  scope. Only geothermal  anomal ies  

a f f e c t i n g  t h e  near -sur face  unconsol ida ted  a q u i f e r s  cou ld  be i d e n t i f i e d  by t h i s  

approach. The absence of  ev idence  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 na t  
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a d d i t i o n a l  r e sources  do e x i s t .  

r e s o u r c e ( s )  h e r e t o f o r e  u n i d e n t i f i e d .  

Fu r the r  e x p l o r a t i o n  may e s t a b l i s h  a deep 

PROPOSED GROUND-WATER MODEL 

0 

On t h e  b a s i s  o f  p rev ious  i n v e s t i g a t i o n s  and f l u i d  chemistry a n a l y s i s ,  a 

geothermal model i s  propsed which accoun1:s f o r  t h e  p o s s i b i l t y  of a geothermal  

anomaly being i d e n t i f i e d  i n  t h e  a r e a  g e n e r a l l y  dep ic t ed  on P l a t e  3 .  

assumes t h e  sou rce  of t h e  thermal anomaly t o  be deep c i r c u l a t i o n  of me teo r i c  

waters a s  was determined by Glenn e t  a l .  (198U), and Cole (1982). 

as d e p i c t e d  i n  F iyure  5 ,  i n v o l v e s  m e t e o r x  water miyra t ion  t o  dep ths  wi th in  

t h e  bedmck reyinie and heated from 60 t o  YOOC. 

enr i ched  i n  Na+K and C1, and subsequent ly  rises ver t ical ly  wi th in  permeable 

f a u l t  zones even tua l ly  r e t u r n i n g  t o  t h e  s u r f a c e  a s  ho t  s p r i n g s  ( i .e .  Oyden H o t  

SprinyS) o r  l a t e ra l ly ,  e v e n t u a l l y  i n t e r c e p t i n g  and migra t ing  up concea l l ed  

f a u l t s  w i th in  t h e  b a s i n  f u r t h e r  t o  t h e  west and mixing w i t h  t h e  near -sur face  

a q u i f e r .  

t h e  chemistry.  This  d i l u t e d ,  low-temperature water  i s  then i n t e r c e p t e d  by 

water wells. 

The model 

The model, 

T h i s  water i s  waned and 

T h i s  rnixiny reduces t h e  temperature  and poss ib ly  somewhat chanyes 
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Zone of Mixing 
Zone of Mixing 

Thrust fault or fractures in bedrock. '. 
\ 

Normal fault. dashed where inferred: 
arrows indicate direction of movement. 

\ 

Direction of movement of cool meteoric water 

Direction of mcivement of warmed low-temperature thermal water 

0 Alluvium ea Bedrock 

F i g u r e  5. Model t o  account f o r  t h e  prciposed thermal anomally g e n e r a l l y  
dep ic t ed  by samples W-29, W-28, .W-18, and W-15 on P l a t e  3 a s  
modified by Glenn e t  a l .  
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WELL AND SPRING-NLJMBEHING SYSTEM 
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The system of  n u n b e r i y  wells and s p r i n y s  i n  Utah i s  based on t h e  

cadastral  land-survey system of t h e  U.S. Government. The number, i n  a d d i t i o n  

t o  d e s i g n a t i n y  t h e  well o r  s p r i n y ,  descriibes i ts  p o s i t i o n  i n  t h e  l and  n e t .  

t h e  land-survey system, t h e  S ta te  i s  divj-ded i n t o  f o u r  quadran t s  by t h e  Sa l t  

Lake Base L i n e  and Meridian,  and these quadran t s  are d e s i g n a t e d  by uppercase 

By 

l e t te rs  a s  fo l lows :  A, n o r t h e a s t ;  B, nor thwes t ;  C ,  sou thwes t ;  and 0 ,  

s o u t h e a s t .  Numbers d e s i g n a t i n g  t h e  township and range  ( i n  t h a t  o r d e r )  f o l l o w  

t h e  quadrant  l e t t e r ,  and a l l  three are enc losed  i n  pa ren theses .  The number 

a f te r  t h e  p a r e n t h e s e s  i n d i c a t e s  t h e  s e c t i o n ,  and i s  fo l lowed by three le t te rs  

i n d i c a t i n g  t h e  q u a r t e r  s e c t i o n ,  t h e  q u a r t e r - q u a r t e r  s e c t i o n ,  and t h e  

q u a r t e r - q u a r t e r - q u a r t e r  s e c t i o n ,  -- g e n e r a l l y  10 a c r e s  (4-hm >;  t h e  quarters 2 

of each s u b d i v i s i o n  are des igna ted  by lowercase  l e t te rs  a s  fo l lows :  

n o r t h e a s t ;  b, nor thwes t ;  c ,  southwes t ;  arid d ,  s o u t h e a s t .  

a ,  

The number a f t e r  t h e  

l e t te rs  i s  t h e  s e r i a l  number of  t h e  well o r  spr iny  w i t h i n  t h e  10-acre 

(4-hm ) t r a c t ;  t h e  l e t te r  11511 precediny  t h e  s e r i a l  number deno tes  a s p r i n g .  2 

Thus (C-36-16) 36abd-1 des igna ted  the f i rs t  well c o n s t r u c t e d  o r  v i s i t e d  i n  t h e  

SE1/4SE1/4NE1/4 sec. 36, T. 36 S.,  H.  16 W. I f  a well o r  s p r i n g  cannot  be  

l o c a t e d  w i t h i n  a 10-acre (4-hm 1 t rac t ,  cine o r  two l o c a t i o n  l e t te rs  are used 2 

and t h e  s e r i a l  number i s  omi t t ed .  

c o l l e c t e d  are numbered i n  t h e  same manner, b u t  three le t ters  are used a f t e r  

Other sites where hydro log ic  d a t a  were 

t h e  s e c t i o n  number and no ser ia l  number i.s used. The numbering systems i s  

i l l u s t r a t e d  i n  F igu re  A l .  
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Sections w i t h i n  a township 

1 1  

1-6 m i l e s  (9 .7  k i l o m e t e r s )  

Tracts  w i t h i n  a sec t i on  

Sec 

b 

a d d -  I 

k i  lometers)--) 

D 

F igure 6. Well-, and spring-, and other data site-numbering system used i n  
Utah. 
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APENCIIX B 

CONVERSION FACTORS 



CONVERSION FKTOHS 

Dis tances and depth repor ted  i n  the  t e x t  are g iven i n  E n g l i s h  un i t s .  3 
M i l e s  ( m i . )  can be converted t o  k i lometers  (km) by the  fol lowing equation: 

m i .  = 1.62 km. 

equat ion:  

degrees cent ig rade ( O C ) .  Temperatures can be converted from degrees 

cent ig rade ( O C )  t o  degrees Farenhei t  (OF) tiy t he  f o l l o w i n g  equation: 

= 1.8 (OC) + 32.  

1 

Feet  (ft) can be converted t o  meters (m) by t he  f o l l o w i n g  

1 f t  = 0.305 m. Temperatures repor ted  i n  the t e x t  a re  g iven i n  
3 
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