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FOREWORD 

F) Under cont rac t  with the  U. S. Department of Energy (DOE) the  Utah 
Geological and Mineral Survey (UGMS) has been conducting research t o  
advance the  u t i l i z a t i o n  of low-temperature geothermal resources i n  the  
State  of Utah. Activit ies r e l a t ed  t o  t h e  cont rac t  (o r ig ina l ly  EG-77-5-7- 
1679 but la ter  changed to  DE-AS07-77ET 28393) began on July 1, 1977. 

As p a r t  of t h i s  ongoing Utah Geological and Mineral Survey study, 
Janet L. deVries w a s  funded t o  evaluate  low-temperature geothermal 
po ten t i a l  i n  t he  Cache V a l l e y ,  Utah from the  period June 1, 1981 t o  
June 1, 1952. 
quirements of a Master of Science degree i n  geology a t  the Utah S t a t e  
University. 

This work w a s  done f o r  p a r t i a l  fu l f i l lment  of t he  re- 

e 

Robert H. Klauk 
Pr inc ipa l  Invest igator  

iii 
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EVALUATION OF LOW-TEMPERATURE GEOTHERMAL POTENTIAL 

I N  CACHE VALLEY, UTAH 

Janet L. de Vries 

The purpose of t h i s  research w a s  t o  continue the assessment of 

t he  low-temperature geothermal resources of Cache Valley, Utah  

i n i t i a t e d  by the  Utah Geological and Mineral Survey under U. S. 

Department of Energy (DOE) contract  DE-AS07-77ET 28393. Field work 

consisted of locat ing 90 w e l l s  and springs throughout the study 
0 

area, co l l ec t ing  water samples f o r  later laboratory analyses,  and 

f i e l d  measurement of pH, temperature, bicarbonate a l k a l i n i t y ,  and 

-2 electrical  coaductivity.  Na+, K', C , c 2 ,  Mg+', S i O z ,  Fey SO4 , 

C l - ,  F-, and t o t a l  dissolved s o l i d s  w e r e  determined i n  the laboratory.  

Temperature p r o f i i e s  were measured i n  12 addi t icna l ,  unused 

w e l l s .  Thermal gradients calculated from t h e  p r o f i l e s  were approxi- 

\ mately the same as the average for the Basin and Range provime,  

about 35"C/km. 

probably as a resnlt of  a near-surface occurrence of warm water. 

One well produced a gradient  of 297"C/ '~,  most 

Possible warm waqer r e se rvo i r  temperatures were calculated using 

both the si l ica and the Na-K-Ca geothemometers, with the  results 

averaging about 50-100°C. I f  mixing ca lcu la t ions  were applied , taking 

v i i i  
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i n t o  account the temperatures and s i l i ca  contents of both warm springs 

o r  w e l l s  and the cold groundwater, reservoi r  temperatures up t o  about 

200°C were indicated. 

Considering measured surface water temperatures, calculated 

reservoi r  temperatures, thermal g r d i e n t s ,  and the l o c a l  geology, 

most of the Cache Valley, Utah area is unsuited f o r  geothermal 

development. However, the areas of Korth Logan, Benson, and Trenton 

were found t o  have anomalously warm groundwater i n  comparison t o  

t he  background temperature of 13.OoC f o r  the  study area. 

water has po ten t i a l  fo r  i so l a t ed  energy development but is not warm 

enough for major commercial development. 

The warm 
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EVALUATION OF LOW-TEMPERATURE GEOTHERMAL POTEETIAL IN 

CACHE VALLEY, UTAH 

?he l a s t  decade has seen a missive increase  i n  research d i rec ted  

towards a l t e r n a t e  f o r m  of energy. The area of geothermal resources 

is  one of  those areas which has gained renewed a t ten t ion .  

Gsological and Mineral Survey is present ly  conducting an inventory 

and assessment of the state's low-temperature geothermal resources,  

and this repor t  is a cont inuat ion of that pro jec t .  

The Utah 

The foliowing objac t ives  were accomplished i n  the process of 

evaluat ing the low-temperature geothermal occurrences i n  Cache 

Valley, Utah for energy development: 

1. Collect ion and chemical analyses of 90 water samples from 

w e l l s  and spr ings d i s t r ibu ted  throughout the study area; 

2. Measurement of temperature p r o f i l e s  and ca lcu la t ion  of 

thermal gradients  f o r  12 i r r i g a t i o n  and cul inary water w e l l s ;  

3. Use of Na-K-Ca and s i l ica  geothermometers, Na-K-Ca r a t i o s ,  

and mixture ca lcu la t ions  as t oo l s  i n  evaluat ing the law-temperature 

geothermal p o t e n t i a l  of the study area; and 

4. Development of models t o  explain the occurrences of warm 

water i n  c e r t a i n  Sireas. 

1 
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STUDY AREA 

Cache Valiey, Utah is located i n  the north c e n t r a l  port ion of 

the  s t a t e  (Fig. I )  and is bounded by the  Idaho border on the Qorth,  

the Wellsville Mountains, Junction Hills, and Malad range on the 

w e s t ,  and the  Bear River range on the east. 

both Utah and Idaho; however this research dea ls  only wi tn  the  

Utah por t ion  of the val ley.  

f l o o r  was defined by Bjorrclund and McGreevy (1971, P l a t e  2 ) .  

Cache Valley l i es  i n  

The approximate boundary of the va l l ey  

Cache Valley, Utah is approximately 56 kilometers long and 26 

kilometers wide at  the s t a t e  bouudary, covering about 1,165 square 

kilometers ( W i l l i a m s ,  1958; W i l l i a m s ,  1962). It l ies  completely 

wi th in  the boundiries of Cache County, Gtah. 

Agricul ture  and associated businesses a r e  the primary i n d u s t r i e s  

Much of the land below the Lake Bonnevflle shore l ine ,  i n  the val ley.  

e leva t ion  1,565 meters (5,135 f e e t ) ,  is farmed (Williams, 1958). 

Cheese production, vegetable canning, t r o u t  fishing, and U t &  S t a t e  

University a l so  play iqortant r o l e s  i n  the l o c a l  economy. Logan 

is the l a r g e s t  c i t y  in Cache Valley, Utah. 
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FIG. 1.-Location of study area, Cache Valley, Utah (adapted 
from Beer, 1967).  
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The literature review involved compiling information per t inent  

t o  the hydrology and geothermal occurrences of Cache Valley, %ah. 

Other repor t s ,  espec ia l ly  Klauk et  a l .  (1981) and personal 

communications (Darling; Klauk; Kroneman; and Ib l e sa r )  concerning 

analogous inves t iga t ions  were reviewed t o  e s t a b l i s h  methods of 

i nves t iga t ion ,  presentat ion,  and i n t e rp re t a t ion .  

The groundwater conditions of Cache Valley, Utah have been 

described by seve ra l  wcrkers. Peterson (1946) studied the ground- 

water supply i n  Cache Valley, Utah and col lected d a t a  on 1,065 w e l l s  

i n  Cache Valley from 1925 t o  1943. Data included owners, l o c a i i t y ,  

year i n  which the w e l l  w a s  d r i l l e d ,  depth of the w e l l ,  s i z e  of the  

p i p e ,  flow rate, height of head, and elevat ion.  I s r ae l son  (1952) 

s tudied drainage in the  Laris ton area of Cache Valley. 

(1962) mentioned groundwater b r i e f l y  in his descr ip t ion  of the  

Quaternary geology of Cache Valley, Utah. Beer (1967) conducted 

extensive research on the groundwater hydrology of southern Cache 

Valley, Utah, made i n t e r p r e t a t i o n s  about the  source and recharge t o  

the Cache Valley groundwater bas in ,  water-level pa t t e rns  and f luc tu-  

a t ions ,  and calculated a water budget of Czche Vailey. McGreevy and 

Bjorklund (1970) published se l ec t ed  hydrologic d a t a  from Cacne 

Valley, 'Jtah and Idaho, and Bjorklund and McGreevy (1971) published 

sn i n t e r p r e t i v e  repor t  providing information f o r  w a t e r  users  and 

managers i n  Cache Valley t o  develop, conserve, and administer t h e i r  

W i l l i a m s  
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water resources. Stanley (1971) made an in tegra ted  geophysical study 

(gravi ty ,  magnetic, seismic r e f l ec t ion ,  and DC r e s i s t i v i t y  techniques) 

r e l a t e d  t o  groundwater conditions along t he  Utah-Idaho state l i n e  i n  

Cache Valley. 

Milligan e t  al. (1966) and Mundorff (1970) studied mineralized 

and thermal spr ings In  Utah respect ively.  Mil l igan e t  al. (1966) 

mentioned three springs j u s t  nor th  of the  Idaho-Utah state l ine .  

Energy Services ,  Inc. (1980) and the  Idaho Departmeat of  Water , 

Resources (Eastlake, personal conrmunication) have described those 

hot spr ings  and w e l l s  f o r  the  purpose of developing the geothermal 

resources f o r  space heat ing i n  the  c i t y  of Preston, Idaho. Beer 

(1967) and Bjor'dund and McGreevy (1971) briefly discussed ground- 

water temperatures i n  Cache Valley i n  their respect ive reports .  

Goode (1978) published 2 comprehensive repor t  on thermal waters in 

Utan, wi th  d a t a  from 454 w e l l s  and 80 springs i n  Cache Valley. He 

noted 24 w e l l s  wi th  temperatures of 20 t o  28°C in the areas of 

Amalga, Benson, and northwest of Logan, and 50 wells i n  the  Benson 

area and northwest of 'Logan having temperatures of 16 t o  19OC. 

One w e l l  south of Trenton w a s  reported t o  have a temperature of 

49°C at a depth of 1,587 meters (5,208 f e e t ) .  

Mineral Survey (1980) located and measured water temperatures of 

Utah Geological and 

326 wells and spr ings  i n  Cache Valley, Utah as t h e i r  i n i t i a l  assess- 

ment of the geothennal p o t e n t i a l  in the area. The following report  

is a continuation of that study. 
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GEOUGY OF CACHE VALLEY 

B9 

Cache Valley is a narrow, north-trending basin which l ies In 

north c e n t r a l  Ctah and southeastern Idaho, on the northeastern edge 

of the Great Basin. S t ruc tu ra l ly ,  the va l ley  i s  a graben bounded 

by high-angle normal f a u l t s  similar t o  those of the Basin and Range 

province Oj i l l i ams ,  1962). Cenozoic rocks a d  sediments up t o  2,438 

meters th ick  cover the va l ley  f l o o r ,  and mountain ranges, formed 

by t h e  up l i f t ed  blocks of Paleozoic rocks, surround the val ley.  

W i l l i a m s  (1958,  1962) summarized the  regional  and l o c a l  

geology of Cache Valley. The  evolut ion of the present fea tures  of 

the va l iey  apparently began i n  the Middle Te r t i a ry  and has continued 

s ince  then, although earlier fo ld ing  and- fau l t i ng  i n  the surrounding 

mountains is assumed (Williams, 1962). Cache Valley w a s  born during 

8 

the Late Xesozoic L a r a d d e  orogeny as a sinking, fau l ted  area 

between adjacent blocks t h a t  continued t o  stand r e l a t i v e l y  high. 

The present  va l l ey  is underlain by marine and non-marine Paleozoic 

sedimentary rocks. 

The Paleozoic sec t ion  in the  mountains adjacent t o  Cache Valley, 

Utah is over 9,144 meters thick and contains  no Permian units. Most 

of the Te r t i a ry  and Quaternary depos i t s  i o  the va l l ey  were derived 

from these r o c k ,  with sandstone, limestone, and dolostone being the  

most abundant rock types ia the Paleozoic sect ion.  

thickness of Triassic and Jurassic rocks w a s  eroded as northwest 

A considerable 
.-. 

Utah rose-during the Late Jurassic, leaving l i t t l e  o r  no Mesozoic 
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sediments behind i n  the  va l l ey  o r  on the  adjacent mountain blocks 

(WilUm, 1962). 

Peterson and Oriel (1970) estimated that 2,134 t o  2,438 mecers 

o f  Cenozoic f i l l  l i e  in two fault-bounded troughs ia Cache Valley 

near tb Lda'no-Utah state line. 

t o  pre-Cenozoic roc'ks of 1,486 and 1,586 meters (Bjorklund and 

McGreevy , 197 1) . 

Two o i l  and gas w e l l s  show depths 

The Te r t i a ry  system includes the Wasatch and the S a l t  Lake 

Formations. The Early Tertiary Wasatch Formation is  unimportant 

in groundwater considerat icas  i n  the vailey, and is exposed i n  only 

a few small areas on :he western side of the valley.  The L a t e  

Te r t i a ry  S a l t  Lake Formation, composed of a lower conglomerate u n i t ,  

middle tuff un i t ,  and an upper conglomerate and sandstone u n i t ,  is 

widely exposed on the edges of the va l ley  and serves as a confining 

layer  on the s ides  and bottom of the groundwater basin. 

The Quaternary age sediments, predominantly sediments of Lake 

Bonneville and younger alluvium, serve as groudwziter aqui fe rs  and 

as sources of recharge t o  the groundwater system of Cache Valley. 

Pre-Lake Bonneville deposi ts  of a l lwial  fan gravels and l ands l ides  

are exposed a t  the edges of the valley. 

f l u v i a t i l e  and lacustrine sediments, indicated by w e l l  logs,  are 

located i n  the basin i n t e r i o r ,  underlying the  Lake Bonneville Group. 

These thick,  c lay  zones are interbedded with gravel and sand zones. 

-About 100 meters of 

The Lake Bonneville Group cons i s t s  of the Alpine and Bonneville 

Fomations, undifferent ia ted,  and the Provo Formation, each represent- 

ing d i f f e r e n t  s tages  of deposi t ion by Lake Bonneville. The Alpine 
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Formation cons i s t s  of l a c u s t r i n e  

whereas the  overlying Bonneville 

gravel ,  sand, s i l t ,  and clay,  

Formation is mostly gravel. The 

Alpine Formation w a s  deposited w h i l e  the lake was a t  the  1,554-meter 

(5,100 foot )  l e v e l ,  and the Bonneville Formation w a s  deposited 

during the 1,565-meter (5,135-foot) s t age ,  the highest  l e v e l  of 

the lake (Beer, 1967). The outcrop pa t t e rn  resembles a modified, 

discontinuous, concentric band, lying wi th in  the Ter t i a ry  S a l t  Lake 

Formation (Beer, 1967, p. 24). This p a t t e r n  is modified by che 

overlying alluvial deposi ts  occupying the  c e n t r a l  p a r t  of the va l l ey  

along ac t ive  streams. 

as l o c a l ,  discontinuous patches along both sides of the basin, 

deposited as shore-terrace embankments. The f i n e r  sand, silt, and 

clay formed current-bui l t  embankments between the Provo and Bonneville 

stages of Lake Bonneville. 

The Alpine and Bonneville gravels a r e  found 

The youngest formation i n  the Lake Bonneville Group is the Provo 

Formation, which w a s  deposited during the  Provo s tage  of Lake 

Bonneville. 

i n  Cache Valley and is composed of two informal m e m b e r s ,  the sand 

and gravel  member and the silt and clay member, which are in t e r -  

tonguing and i a te rgrading  l i t h o f a c i e s  units of appro-ximately the 

same age. 

s p i t s  near the val ley ' s  edges. 

water recharge zones, cover an area of 38.8 square kilometers (15 

square miles), and are up t o  21 meters (70 f ee t )  t h i ck  (Williams, 

1962). 

from suspension onto the  lake bottom, and is exposed mainly i n  the 

It is t he  most extensively exposed Quaternary formation 

The gravel  and sand member forms many d e l t a s ,  ba r s ,  and 

These d e l t a s  form important ground- 

The silt and clay m e m b e r  was formed by sediment s e t t l i n g  
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lowland areas of the va l ley ,  espec ia l ly  along the flood p i a in  of  

the  Bear River. 

Post-Lake Bonneville depos i t s ,  the youngest Quaternary deposi ts  

i n  the va l l ey ,  include f a n  gravels ,  flood-plain alluvium, alluvial 

sand, and spr ing  tufa cones. ?he fan gravels a r e  coarse,  angular, 

poorly sorred sedaaents which have been deposited along the  mountain 

f ron t s ,  overlying the s i l t  and c lay  member of the Provo Formation 

(Williams, 1962). The flood-plain alluvium, general ly  sandy, is 

exposed along the major streams of the val ley .  

depos i t s  are exposed in the  n a t u r a l  levees of the Bear River and 

The a l l u v i a l  sand 

c o n s t i t u t e  some of the  bes t  farm land. 

located w e s t  of Trenton, were deposited by warm spr ings aligned along 

the  face of Little Mountain (Newton Hill) and trend north-northwest 

fo r  about 1.6 kilometers (1 mile) (Williams, 1962) (Fig. 3). The 

alignment is probably associated wi th  the  Dayton f a u l t  zone. 

The spring t u f a  cones, 

S t r u c t u r a l  Geology 

W i l l i a m s  (1962) inferred Cache Valley t o  be a graben bounded by 

north-s t r iking,  high-angle normal f a u l t s  (Plate  1) s i m i l a r  t o  those 

of the Basin and Range php iograph ic  province produced by Middle 

Te r t i a ry  fau l t ing .  Along the west s i d e  of the va l ley ,  the Wellsville 

f a u l t  and the Dayton f a u l t  zone were located using physiographic 

evidence (Willfams, 1958) and gravi ty  survey da ta  (Peterson and 

O r e i l ,  1970).  The Wellsville fauit is located i n  the  southwestern 

p a r t  of the  va l ley  along the  mountain f ront .  The Dayton f a u l t  zone 

extends south from Red Rock Pass  I n  Idaho and borders on Bergeson 
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Hill and L i t t l e  Mountain (Newton Hi l l )  near Trenton. The Clarkston 

f a u l t  zone is located in the west-central p a r t  of t he  va l l ey  a t  the 

base of Cache Butte and trends north t o  Cut ler  Reservoir. 

T h e  East Cache Valley f a u l t  zone, composed of north-s t r iking,  

high-angle normal faults @ill iams,  1962) , extends along the f u l l  

length of the  east s i d e  of the  va l ley .  

boundary f s u l t .  

It is i n fe r r ed  t o  be a g a b e n  

Mullens and i z e t t  (1963) napped a small f a u l t  and the  a x i s  of an 

a n t i c l i n e  on t he  E y r m  Bench on the southwestern edge of the  va l ley .  

These structures do not appear t o  be p a r t  of the East Cache Valley 

f a u l t  zone. 

I 
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GROUNDWATER OF CACHE V A U E Y ,  UTAH 

The L a k e  Sonnevilie Group and pre-Lake Bnneville sediments of 

Quaternary age cons t i t u t e  the groundwater reservoi r  of Cache Vailey. 

The groundwater bas in  is lined with more highly consolidated and less 

permeable rocks of the  Te r t i a ry  S a l t  Lake Formation. The two 

p r inc ipa l  aqui fe rs ,  composed of sand and gravel i n  the form of 

ancient d e l t a s  and fans, are separated by r e l a t i v e l y  inpermeable iake- 

bottom clays and si l ts .  These confining layers  cause widespread 

a r t e s i a n  conditions. 

The confining beds extend from t5e center  of the va l l ey  t o  the 

s ides ,  and re ta rd  upward movement of the groundwater. Secause t h e  

confining layers  are thin or  discontinuous in some areas, leaky 

aqui fe r  conditions ex i s t .  

0 

Unconfined aqui fe rs  are located along the  

margins of the groundwater basin where the confining layers  are 

absent. Because the  water t a b l e  is very c lose  t o  the  ground sur face  

and the hydros ta t ic  pressure pushes water through the semi-confiaing 

l aye r s ,  water-logged s o i l  conditions also occur, e spec ia l ly  i n  the 

central p a r t  of the basin. Two thirds of t h e  va l l ey  is under 

artesian conditions (confiaed aqu i f e r ) ,  and the remaining one th i rd  

has water-table conditions (unconfined aquifer)  (Beer, 1967). 

Local perched groundwater bodies are a l so  common i n  many p a r t s  of 

the  va l l ey  (BjorWund and McGreevy, 1971). 

Recharge of the pr inc ipa l  groundwater reservoi r  occurs by inflow 

from the  bedrock aqui fe rs  of the  watershed, i n f i l t r a t i o n  from streams, 



12 

canals, and i r r i g a t i o n  d i tches ,  and from p rec ip i t a t ion .  

important recharge area is along the va l ley  marg ic s  where confining 

layers  do not  exist. 

aear River range moves westward toward discharge a e a s  i n  the lower 

p a r t  of t he  valley.  Water en ter ing  the va l ley  f i l l  along the  south- 

western margin discharges from l a r g e  spr ings near Wel l sv i l le  and 

Mendon (Bjorklund and McGreevy, 197i). 

The most 

Water en ter ing  along the mountain f ron t  of t h e  

The va l l ey  is general ly  an overflowing basin wi th  apparently 

s t a b i l i z e d  water leve ls .  

is saucer-shaped and general ly  parallels the va l ley  per imeter .  

shape r e f l e c t s  t he  v a r i a b i l i t y  of the aqui fe r  permeabili ty and the 

rate of recharge (Beer, 1967). Seasonal f luc tua t ions  i n  the 

groundwater level occur due t o  i r r i g a t i o n  and snow m e l t ,  although 

the change from abnormal t o  equilibrium conditions is rapid.  

The equilibrium water-level configurat ton 

This 

Groundwater D i s t r i c t s  

8 

Q 

Bjorklund and McGreevy (1971) divided Cache Valley, Utah and 

i n t o  11 areas where groundwater conditions are general ly  Idaho 

s imi la r .  

w i l l  be described here. Outside the indiv idua l ly  discussed areas, 

groundwater occurs In s lope  wash and alluvium, in the  sandstone and 

conglomerate of the S a l t  Lake and Wasatch(?) Formations, and i n  

f r ac tu res  and solution openings i n  o lder  rocks. 

Seven of those d i s t r i c t s  are located i n  the study area and 

A single, complex aqui fe r  system i n  t h e  Smithfield-Hyrum- 

Wellsville area  (Area 1, Fig. 2) w a s  formed by coalescing coarse 

fan aDd d e l t a  deposi ts  of Strmmit Creek, Logan River, Blacksmith Fork, 
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FXG. 2.--Groundwater districts in Cache Valley, Utah. Numbers 
correspond to areas discussed in the text. Areas 7-10 are located 
in Cache Valley, Idaho (Bjorklund and McGreevy, 1971). 
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and L i t t l e  B e a r  River. Near Logan the  aqui fe r  is almost 305 meters 

th ick ,  wi th  coarse materials near the mountain f ron t  becoming f i n e r  

toward the center of the  val ley.  

and mst productive i n  Cache Valley and has exhibited l i t t l e  long- 

T h i s  aqui fe r  system is  the l a rges t  

term change over 34 years of record (Bjorkluod and McGreevy, !971), 

although seasonal f l uc tua t ions  do occur as a r e s u l t  o f  i r r i g a t i o n .  

The q u a l i t y  of the  water I s  general ly  good. 

The L i t t l e  Bear River Area (Area 2 ,  Fig. 3) is located along 

the  flood plain and terrace of the  L i t t l e  Bear River,  south of  Hyrum. 

Tkin deposi ts  of gravel ,  less than 10 meters thick,  ove r l i e  fine- 

grained material, and these unconfined aqui fe rs  are recharged by 

seepage from streams and canals and from i r r i g a t i o n .  The chenical 

q u a l i t y  of t he  water is good. 

The groundwater conditions from Wel lsv i l le  t o  Newton (Area 3, 

Fig. 2) on the  w e s t  s i d e  of the va l l ey  are poorly known. The 

Quaternary f i l l ,  of va r i ab le  thickness, is mostly underlain by 

Te r t i a ry  rocks. 

permeabili ty and y ie ld .  

The f i l l  is general ly  f i a e  grained wi th  low 

Groundwater is both confined and unconfined. 

Area 4 (Fig. 2) covers the central p a r t  of the val ley  along 

the lower p a r t  of the Little Bear River, the Benson area, a3 well 

as the Barrens. The Quaternary sediments are pr imari ly  c lay and s i l t  

with some thin, confined beds of sand and gravel. Most w e l l s  i n  the  

Benson area produce from a depth o f  91 to  283 meters and have high 

artesian pressures  (up t o  19 meters above the gromd sur face) .  Tota l  

dissolved s o l i d s  (TDS) i n  the L i t t l e  Bear River area range from 400 t o  

800 mg/l, s imi l a r  t o  t h a t  of t he  Wellsville t o  Newton area.  In the 



Benson and Barrexis areas, the concentration of TDS is as high as 

1,200 mg/l. 
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The Cub River subvalley (Area 5 ,  Fig. 2) aquifer  system extends 

along the  Cub River from Franklin,  Idaho to Richmond, Utah. The 

Quaternary deposi ts  of interbedded clay,  s i l t ,  sand, and gravel ove r l i e  

Te r t i a ry  conglomerate in most of this area.  

are t h i n  and moderately permeable. 

and water l eve l s  a r e  f a i r l y  s t ab le .  

The gravel  and sand beds 

The groundwater i s  mostly confined, 

The sand and grave l  deposi ts  in the C l a r h t o n  area  (Area 6, 

Fig. 2) y ie ld  water t o  very few w e l l s .  L i t t l e  is known about the 

water-bearfng materials. 

The p r inc ipa l  water bearing materials io  the Fairview-Lewiston- 

Trenton area (Area 11, Fig. 2) are reworked sands and si l ts  from 

the Bear River de l ta .  Groundwater is unconfined and near the land 

sur face ,  necess i t a t ing  the  i n s t a l l a t i o n  of drains a t  some locat ions.  

Many snallow w e l l s  were once used f o r  cul inary water, but most have 

been destroyed in favor of public-water systems. 



1.6 

DATA COLLECTION 

Purpose 

Chmistry.--Wacer samples were co l lec ted  from w e l l s  and springs 

throughout Cache Valley, Utah (Plate 1) f o r  the purpose of chemical 

analysis .  The chemistry of the water may be used a s  a t o o l  i n  

evaluat ing low-temperature geothermal occurrences €or energy 

development by applying the s i l i c a  and Na-K-Ca geothennometers. 

Previous chemical analyses of groundwater i n  Cache Valley a r e  ava i l -  

able  (McGreevy and Bjorklund, 1970), however, these d a t a  a r e  ' 

incons is ten t  i n  their co l l ec t ion  and a n a l y t i c a l  procedures. 
b 

T5ennal gradients.--Because there  were no thermal gradient da t a  

ava i l ab le  f o r  Cache Valley, Utah and because heat flow d a t a  i s  

use fu l  f o r  geothermal evaluat ion,  thermal gradients  were measured i n  

selected w e l l s  in various parts  of the valley ( P l a t e  1). The thermal 

gradient  data collected i n  Cache Valley, Utah -v i11  provide some 

i n s igh t  i n t o  local thermal gradients. 

Fie ld  Sampling Procedures 

Wells and springs chosen for  sampling were se lec ted  pr imari iy  

on the basis of two fac tors :  (1) knam temperatures; and (2) data  

co l lec ted  by the Utah Geological and Mineral Survey during 1980 f o r  

the in i t i a l  assessment of groundwater temperatures with regard t o  

geothermal p o t e n t i a l  i n  Cache Valley, Utah. The warmest w e l l s  found 
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i n  the 1980 survey were se lec ted  f o r  sampling i n  t'his study. Water 

8 

8 

Q 

8 
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sampling and on-site analyses w e r e  done in accordance with Utah 

Geological and Mineral Survey f i e l d  procedures (Darling, 1981 ; 

Kroneman, 1981) i n  order t o  insure consistency with t h e  on-going 

i w e s t i g a t i o n  of low-temperature geothermal resources i n  the  state 

of Utah present ly  being car r ied  out by the Ctah Gsological and Mineral 

Survey. 

Samples were co l lec ted  as c lose  as possible  t o  the wellhead 

o r  spr ing  o r i f i c e .  I n  the case of w e l l s ,  care  w a s  taken t o  assure  

t h a t  the water w a s  f r e s h  from the aqui fe r ,  avoiding water which had 

been s tanding i n  the casing f o r  a long period o f  t i m e .  A t o t a l  of 

90 samples w a s  col lected.  

T h e  on-si te  analyses and da ta  co l l ec t ion  consisted of :  (1) pH; . 
(2) a l k a l i n i t y ;  (3) temperature; (4) conductivity;  and ( 5 )  Eh. 

Pressure f i l t r a t i o n  of the water w a s  accomplished with a 

GeoFilter Peristalt ic Pump, Model #004, using a 0.45 micron pore s i z e  

f i l t e r  membrane. 

f i l t e r e d  water at each location. One b o t t l e  was ac id i f i ed  with 

T h r e e  570 m l  polyethylene b o t t l e s  w e r e  f i l l e d  wi th  

reagent grade EN03 t o  a final concentration of 20% HN03 f o r  later 

analysis  of Na+, K', Mg , and Fe; a second b o t t l e  w a s  ac id i f i ed  

wi th  concentrated ECl t o  a f i n a l  concentration of 1% ECl f o r  C a  

and SO4 analyses; the t h i r d  b o t t l e ,  used f o r  Si, C1-, F-, and 

t o t a l  dissolved s o l i d s  O S )  determinatfons, had no addi t ives .  The 

+ 
+2 

-2 

concentrations or' the  addi t ives  were consis tent  with those required 

by the Earth Science Laboratory (ESL), S a l t  Lake City,  U t a h ,  where 

the  Utah Geological and Mineral Survey w a t e r  samples are analyzed 

(Kroneman, 1981) 



0 

18 

0 

0 

8 

0 

0 

8 

eo 

. A Markson Digital pH/Temperatrrre Meter and an Orion g e l - f i l l e d  

combination pH electrode,  Model 91-05, were used t3  measure pH. 

average of t h ree  readings w a s  recorded as the f i n a l  value. 

The 

Alka l in i ty  i n  water is the a b i l i t y  t o  neu t r a l i ze  acid and is 

reported in term of equfvaient amounts of calcium carbonate (CaC03) 

when using the Hach T i t r a t i o n  Method of Alka l in i ty  (Xach Chemical 

Company, 1975). Alkalinity i s  pr imari ly  a function of carbonate 

(C03 2 ) ,  bicarbonate (Ha;) , and hydroxide (OH-) concentrations,  

although the amount of hyaroxide present r a r e l y  a f f e c t s  a l k a l i n i t y  

determinations (Rainwater and Thatcher, 1960). 

- 

The Hach' T i t r a t i o n  Xethod of Alka l in i ty  (Alkal ini ty  Test K i t ,  

Model A I M )  was used to analyze for a l k a l i n i t y  at  each locat ion.  

Brom c reso l  greea-methyl red w a s  used as an ind ica tor ,  and a standard 

so lu t ion  of 0.030 N sulfuric ac id  was t i t r a t e d  d i r e c t l y  i n t o  15 ml 

of sample. The ind ica tor  changed from green t o  red when the 

a l k a l i n i t y  was  neut ra l ized ,  and the number of drops of ac id  equaled 

alkalinity expressed as grains CaCO p e r  gallons of solution,.+ 5 % .  3 - 
The  preferred expression for a l k a l i n i t y  is mg/l H a 3  . The 

- 
value mg/l HC03 is derived from the following re la t ionship :  

and is calculated as: 

- 
Alkal in i ty  (expressed as H a 3  but  a l s o  including H2m3 and C03-2) = 

- 
grains/ga1 CaC03 17.1187 mg/l 122.0122 g/2 moles HCO 3 

volume fac to r  1 gra in /ga l  100.0782 g/1  mole Cam3 
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A v o l m e  fac to r  of 2.5 was used t o  ca l cu la t e  a l k a l i n i t y .  A 15 ml 

sample, r a t h e r  than the  standard 6 nl sample, w a s  required t o  

minimize t h e  e r r o r  a t  the  r e l a t i v e l y  low concentration l eve l s  

observed, i.e., 150 t o  400 m g / l  HC03 . - 
Fina l ly ,  the above quant i ty  was adjusted f o r  the e f f e c t  of pH, 

because the concentrations of carbcnate species  vary with pH 

(Krauskopf, 1979, p. 42). The a l k a l i n i t y  values i n  this repor t  
- 

are expressed as mg/l RC03 

each locat ion.  

asld have been adjusted f o r  the  pK a t  

A YSI Model 33 Temperature-Conductivity Meter was used t o  

measure temperature and conductivity.  Measurement unce r t a in t i e s  

due t o  the meter are estimated t o  be f 0.6'C and 4.5X of the 

conduct ivi ty  measurement. Conductivity (electrical conductance) 

is the  a b i l i t y  of a substance t o  conduct an e l e c t r i c a l  cur ren t  and 

is measured i n  micromhos. The presence of charged ion ic  species  

i n  a so lu t ion  makes the so lu t ion  conductive, therefore ,  the  

conductance measurement provides an ind ica t ion  of i on  concentration 

(Hem, 1970). In Cache Valley, t he  r a t i o  of t o t a l  dissoived s o l i d s  

i n  mg/l t o  conductivity in mmhos is 0.6:l (Bjorklund and McGreevy, 

1971). This ratio is dependent upon the aqui fe r  and chemical 

cons t i tuents  in the water. 

Eh measurements were taken at 42 loca t ions  w i n g  an Orion 

Platinum Redox Electrode, Hodel 96-78, with  a Markson D i g i t a l  

pH/Temperature Meter, Model 90. A d i r e c t  measurement in m i l l i v o l t s  

w a s  recorded. Eh values are necessary f o r  watar-rock equilibrium 

ca lcu la t ions .  This information vas  co l lec ted  at only 42 of 90 
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locat ions because the equipment w a s  not ava i lab le  when the research 

. commenced. 

Thermal Gradients 
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Temperatures i n  unused water w e l l s  were measured with a 

thermistor ?robe i n  combination wi th  a D i g i t a l  Multimeter, Model 

253042, e s s e n t i a l l y  the same as described for the por tab le  mode . 
i n  Sass et al. (1971). The resistance (R) of the thermistor  

v a r i e s  wi th  temperature ("C) according t o  the  equation: 

log  R - A i B/T + C/T2 

where A, B, and C are c a l i b r a t i o n  constants.  

Measurement uncer ta in t ies  r e s u l t i n g  from the equipment and 

techniques are estimated t o  be f 1 ohm aad 5 O.-Ol"C i n  r e s i s t ance  and 

temperature values respec ive ly  (Sass e t  ai., 1971). 

It w a s  d i f f i c u l t  t o  f ind  deep (grea te r  than 300 m ) ,  nonflowing, 

unused w e l l s  i n  Cache Valley, e spec ia l ly  s ince  most of the  w e l l s  

toward t h e  center of the valley are artesian. Artesian flow causes 

t he  water t o  be isothermal throughout t h e  w e l l .  All of the  wells 

used in  this inves t iga t ion  w e r e  d r i l l e d  i n  Quaternary alluvium o r  

the T e r t i a r y  S a l t  Lake Formation wi th  the in t en t ion  of i n t e r -  

s ec t ing  aquifers .  Perforat ions i n  the casing a t  the  aqui fe rs  can 

cause dis turbed water, r e s u l t i n g  i n  isothermal temperature p ro f i l e s .  

Temperature surveys w e r e  taken in 12 unused, cased i r r i g a t i o n  and 

cu l inary  water w e l l s  throughout Cache Valley, Utah during September , 

1981 and February,1982. Temperatures were measured a t  10 m 
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i n t e rva l s .  The probe w a s  allowed t o  

for  5 t o  20 minutes before recording 

equ i l ib ra t e  with i t 3  surroundings 

the thermistor res i s tance .  

Laboratory Analyses and. Procedures -. - 

Concentrations of Na', K', Mg+2, Ca+2, S i  acd Fe i n  mg/l were 

determined wi th  a Perkln-Elmer A t o m i c  Absorption Spectrophotometer, 

Model 303, using standard methods (Perkin-Elmer Cor?. , 1973). 

N a  , K', Mg+2, Ca", and Fe were determined using an air-acetylene 

flame, whereas S i  w a s  determined using a n i t rous  oxide-acetylene 

flame. 

state could not be determined. 

+ 

Fe w a s  reported as t o t a l  i r o n  content because the oxidat ion 

e 

Chloride.--The ch lor ide  a c t i v i t y  of the water samples w a s  

determined using an Orion Chloride Electrode, Model 94-17, with 

a Markson D i g i t a l  pH/Temperature Meter, Fadel 90. 

measurement method was used by preparing a set of 10, 100, and 1000 

The d i r e c t  

mg/l C1- standards and p l o t t i n g  t h e i r  e lec t rode  po ten t i a l s  

(millivolts) on a semilogarithmic scale. One milliliter of ionic 

s t r eng th  ad jus tor  was added t o  each 50 m l  of standard and sample 

t o  maintain a constant background i o n i c  s t rength ,  and the electrode 

p o t e n t i a l  f o r  each sample was recorded. 

were then determined from the curve derived from the standards.  

Activities of C1- in mg/l 

Fluoride.--The f luo r ide  activity in the w a t e r  samples was 

measured using an Orion Fluoride Electrode, Model 94-90, and a Markson 

pH/Temperature ?feter, Model 90. 

used. The e lec t rode  p o t e n t i a l  ( ac t iv i ty )  of the f r e e  f luo r ide  ions 

The method of known addi t ions was 
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in the  sample was measured i n  m i l l i v o l t s  (mv),  then 5 m l  of 10 

mg/l F- standard. were added t o  50 ml of the  sample, and the new 

electzode p o t e n t i a l  w a s  recorded. 

corresponded t o  a concentration r a t i o ,  Q,  given i n  the known 

addi t ions t a b l e  provided wi th  the  probe. The o r i g i n a l  t o t a l  sample 

a c t i v i t y ,  Cos w a s  calculated as follows: 

The change i n  po ten t i a l ,  hE 

where Co = t o t a l  sample a c t i v i t y  in mg/l, Q = value from the  known 

addi t ions t ab le ,  and Cs = a c t i v i t y  of added standard. 

Approximately 1 gram of ammonium c i t r a t e ,  (NH4)2HC6H50,, w a s  

added t o  50 m l  of sample as an i o n i c  s t r eng th  adjustor .  The main 

purpose w a s  t o  decomplex the  f luor ide ,  because only t he  e lec t rode  

p o t e n t i a l  of f r e e  f luo r ide  ions can be measured. 

a l so  helped t o  maintain a constant background ionic st rength.  

The ammonium c i t r a t e  

Sulfate .  --Concentrations of sulfate ion, SO4-’, were determined 

w i n g  the standard Turbidimetric Method using S u l f a V e r  I V  S u l f a t e  

Reagent by Each Chemical Company (1975) and a Varian Se r i e s  634 

liV-Visible Spectrophotometer. A 2,000 mgjl S04-2 so lu t ion  w a s  

prepared by d isso lv ing  1.4797 g of dr ied ,  anhydrous Na2S04 i n  500 m l  

of 1% EC1. A series of standards containing 10, 25, 50, 75, and 100 

mg/l SO4 

A premeasured packet of SulfaVer IV Sul fa t e  Reagent w a s  dissolved i n  

each- sample and standard,  and after 5 minutes, the  absorption w a s  

measured a t  a wavelength of  450 nm. 

standards w a s  p lo t ted  on standard graph paper, and wi th  the  measured 

-2 was prepared by d i l u t i n g  port ions of the original solut ion.  

Absorption of each of the  
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-2 absorpt ion of each water sample, concentrations of  SO4 

from the graph. 

were read 

T o t a l  dissolved solids.-Total dissolved s o l i d s  (TDS) - w e r e  - - . 

measured by.evaporating 50 ml of untreated,  f i l t e r e d  sample. Empty 

beakers were labeled and dr ied  in a drying oven a t  approximately 

l l O ° C  f o r  an hour, cooled in a des i cca to r ,  then weighed. F i f t y  ml 

of sample were pfpet ted i n t o  a beaker, and the beaker w a s  placed i n  

the drying oven a t  less than 90°C u n t i l  a l l  of the water had 

evaporated. The beaker w a s  then heated t o  approximately 110°C f o r  

another hour t o  in su re  t h a t  the glassware had not adsorbed any water. 

After cooling in a des icca tor ,  the beakers were weighed. The 

d i f f e rence  i n  weight w a s  the TDS expressed as grams TDS/50 m l  water. 

This v d u e  w a s  converted t o  mg/l by multiplying by 20,000. 

Q 
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RESULTS 

Temperature 

8 

Temperatures of t'he 90 w e l l s  and springs sampled rznged from 

9.9OC t o  5O.l0C, wi th  a mean of 14.4OC. The mean of 313 w e l l s  and 

spr ings  co l lec ted  by the  Utah Geological and Miceral Survey (1980) 

is 13.5OC. T h e  temperatures of known warm spr ings and temperatures 

of questionable r e l i a b i l i t y  were excluded when the mean calcula- 

t i ons  were made. 

i s  higher than t h a t  of the Utah Geological and Mineral Survey's 

d a t a  due t o  the  biased se l ec t ion  procedure used f o r  this study. 

The warmest w e l l s  and spr ings i n  each area were se lec ted  f o r  sampling 

based on t he  Utah Geological and Mineral Survey temperatures. 

background temperature f o r  groundwater i n  Cache Valley, Utah is 

about 13.0°C. 

study d a t a  and the  Utah Geological and Mineral Survey values, and i t  

can be used f o r  determining anomalous water tenperatures. 

temperature of each w e l l  or spr ing  is l i s t e d  i n  Appendix 111; Plate 1 

The mean temperature f o r  the da ta  i n  this repor t  

The 

T h i s  temperature w a s  derived from a histogram of t h e  

The 

(p. 98) shows groundwater temperatures i n  the  study area. 

The three areas i n  Cache Valley, Utah wi th  ammalous water 

temperatures are: 

16.OoC t o  25.1OC; (2) Benson, w h e r e  temperatures range from 13.5OC 

(Utah Geological and Mineral Survey, 1980) t o  23.0°C; and 

(3) Trenton, which has evidence f o r  p a s t  and present warm spr ing  

a c t i v i t y ,  with temperatures ranging from 22.9OC t o  50.1OC. 

(1) North Logan, w h e r e  temperatures range from 
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Thermal Gradients 
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Gradients were calculated using l i n e a r  regression,  and 

topographh correct ions were not employed. 

the measured temperature p ro f i l e s .  

the thermal gradient da ta ,  and Appendix I1 i n c l d e s  the d e t a i l s  of 

each locat ion.  

P l a t e  1. 

Figures 3 and 4 show 

Table 1 gives an overview of 

The locat ions of the gradient  wells are shown i n  

The 12 thermal gradients  ranged from 15"C/km t o  297"C/'m. 

Three of the w e l l s  yielded isothermal temperature p r o f i l e s ,  

i nd ica t ing  pr imari ly  convective heat  flow. Lower gradients 

(15-29OC/km) and isothermal temperature p r o f i l e s  appear t o  be 

grouped i n  the southern p a r t  of the valley (Paradise,  Hyrun, M t .  

S t e r l i ng ,  and Ri-rer Heights). 

The higher gradients  (31-297"C/km) are located i n  the northern 

p a r t  of Cache Valley, Utah (Smithfield, Logan, Richmond, Clarkston, 

and Trenton). The highest  gradient measured w a s  297OC/km in a well 

in Logan. This anomalous gradient cor re l a t e s  positively with the 

warm water found i n  the North Logan area. 

The r e l i a b i l i t y  of several gradients ,  espec ia l ly  those i n  the  

southern p a r t  of t he  va l ley ,  is questionable due t o  shalluw depths 

of the w e l l s .  

the casing may cause dis turbances i n  the temperature p r o f i l e ,  making 

gradient  ca lcu la t ions  d i f f i c u l t .  

with the findings. of Darling (1982), who found t h a t  thermal gradients  

Water and air enter ing  through the per fora t ions  i n  

These disturbances are consis tent  

I. 
from i r r i g a t i o n  w e l l s  i n  northwestern Utah varied g rea t ly  i n  qua l i t y  
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TABLE 1.--Thermal gradient da ta ,  Cache Valley, Utah 

Heat Flow* Elevation Depth Gradient 
Local i ty  S i t e  N. Latitude W. Longitude (m) Range (m) ("C/km) (d/m2) 

Par ad is e 

Par ad ise 

Hyrum 

M i l l v i l l e  

M t .  S t e r l i n g  

Avon 

River Heights 

Smithfie1.d 

Logan 

Richmond 

Clarks ton  

Trenton 

CVG- 1 

CVG-2 

CVG-3 

CVG-4 

CVG-5 

CVG-6 

CVG-7 

CVG-8 

CVG-9 

CVG- IO 
CVG- 1 1 

CVG- 12 

41 "34'56.5" 

4 1 ' 34 ' 25.5" 

4 1 ' 36' 36'' 

4 1 " 4 1 ' 07 .5" 
41 " 36 '26" 

41 '32 '00'' 

41"43'24" 
41"49'02.5" 

41"45 23.5" 

41'56'27.5'' 

41 O59' 32" 

41 "55 '12.5" 

1 1 1 " 48 44" 

111°48'53" 

1 1 1 " 50 ' 4 8" 
111'48' 12" 

111"54'24" 

111'48'46" 

11 1'49'05" 

l l l"48'31" 

1 1 1 O 48' 48" 

11 l"51'21" 

112'05'23" 

1 1 l"57 ' 56" 

1591 f 6 19-49 

1567 f 6 19-49 

1466 f 3 19-79 

1581 f 3 169- 199 

1466 f 3 19-39 

1530 5 6 19-39 

1399 f 6 29-109 

1417 2 6 50-120 

1408 ?: 6 23.5-37.5 

1385 2 1 29-125 

1588 f 6 49-149 

1392 f 3 19-39 

b 

I so thermal 

isothermal 

15 1: 1 

40 f 1 

29 2 2 

32 f 4 

isothermal 

52 f 1 

297 k 45 

36 2 1 

31 2 1 

36 2 1 

-- 
2 3  

60 

44 

48 
-- 
7 8  

456 

54 
47 

54 
~ 

*Based on an estimated thermal conductivity of 1.5 w a t t s / m " C .  

N 
OD 
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s ince  they w e r e  s i t e d  i n  alluvium and w e r e  intended t o  i n t e r s e c t  

aquifers .  

Wells CVG-1, CVG-2, and CVG-7 were isothermal,  wi th  t h e i r  

water temperatures generally between 10.67"C and 11.01"C. 

temperature p r o f i l e s  (Z'ig. 3 )  irrdicate convective heat flow and hide 

the true conductive gradient.  

value is of questionable r e l i a b i l i t y  because the w e l l  is shallow 

and because i t  is low i n  comparison t o  the  average Basin and Range 

thermal gradient  of 3 5 " C / k m ,  w h e r e  gradients  range from approximately 

30 t o  58"C/km (Chapman, personal communication). ?lore gradient  

measurements i n  this area would prove usefu l  i n  determining whether 

o r  not there is  ac tua l ly  a r e l a t i v e l y  low thermal graaient  in this 

area of the  vailey.  

Isothermal 

CVG-3 has a gradient of lS"C/km. This 

The temperature 'prof i le  of CVG-4 (Fig. 3 )  has two i n f l e c t i o n  

points ,  hence three  apparent gradients.  T h e  gradient calculated 

between 169 and 199 meters, 4 O o C / l a n ,  is probably the  most representa- 

t i v e  s ince  i t  is a t  the  deepest p a r t  of the w e l l .  

explanations f o r  the th ree  gradients  in CVG4 are: (1) temperature 

measurements were made i n  air rather than water; and (2) tk?e 

diameter of the casing is q u i t e  large ( 2 5 . 4  an). 

equ i l ib ra t ion  of the thermistor wi th  the surroundings more d i f f i c u l t .  

It is unlikely t h a t  d i s t i n c t  aqui fe rs  are producing more than one 

thermal gradient because the d r i l l e r ' s  log (Appendix 11) does not 

i nd ica t e  water u n t i l  a much greater depth. 

Two poss ib le  

Both f ac to r s  make 

The l i t ho log ie s  cut  by 

the w e l l  are f a i r l y  uniform, therefore  t h i s  f ac to r  should not 

produce zones wi th  d i s t i n c t l y  d i f f e r e n t  thermal conduct iv i t ies  and 

thermal gradients.  
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CVG-6, CVG-5, and CVG-12 have gradients  of questionable 

r e l i a b i l i t y  due t o  the small range (20 m) over wkich the  ca lcu la t ions  

were made. All th ree  sre r e l a t i v e l y  shallow holes  (C 54 m) d r i l l e d  

in alluvium fo r  the purpose of i r r i g a t i o n  and cu l inary  use. 

C V G 1 1 ,  CVG-10, and CVG-8, all in the northera  p a r t  of Cache . 

Valley, Utah, have r e l l a b l e  thermal gradients  of  31"C/km, 36"C/km, 

and 52OC/tCm, respect ively,  because they were a l l  calculated over 

a wide depth range (Fig. 4). CVG-9, located i n  the North Logan 

warm water area, has a gradient of 297"C/km. The temperatures 

measured at  this loca t ion  range from 21.36"C t o  32.54"C, higher than 

any o the r  temperatures encountered i n  gradient  holes. 

is cons is ten t  wi th  the warin water found i n  the North Logan area, 

although this gradient i s  probably not the t r u e  gradient  f o r  the area.  

This r e s u l t  

The thermal gradient d a t a  col lected i n  Cache Valley, Utah w i l l  

provide some i n s igh t  i n t o  l o c a l  thermal gradients.  

d e f i n i t e  conclusions regarding geothermal p o t e n t i a l  cannot be drawn 

due t o  the s p a r c i t p  of da ta ,  the questionable r e l i a b i l i t y  of some 

gradients, and the l ack  of thermal conductivity measurements f o r  the  

alluvium in which the  w e l l s  w e r e  d r i l l e d ,  which would allow f o r  

accurate heat  flow determinations 

However, 

Using 1.5 w a t t s / m " C  f o r  the average thermal conductivity of 

alluvium (Chapman, personal communication), heat  flow values were 

ca lcu la ted  f o r  Cache Valley, Utah b a e d  on the thermal gradients  

measured (Table 1). V a l u e s  ranged from 23 t o  78 mW/m 

at CVG-9) , compared t o  the estimated heat flow values fo r  Cache 

Valley of 63 t o  105 d / m  (Lachenbruch and Sass, 1978) and the  

2 (456 mW/m2 

2 
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2 average Basin and Range heat  flow of 90 t o  100 mW/m 

personal communication). 

(Chapman, 

The r e l a t i v e l y  low heat flow values calculated for Cache Valley 

may be the  result of unre l iab le  thermal gradients  o r  incor rec t  

estimates f o r  the  thermal corxiuctivity. T h e  cont ro l  po in ts  f o r  

the heat flow estimates of Lachenbruch and Sass (1978) f o r  Cache 

Valley are far from the val ley ,  so t h e i r  values may not be accurate.  

More da t a  m u s t  be gathered t o  make d e f i n i t e  conclusions about t he  

heat  flow of the area. 

Chemical Analyses 

Table 2 lists the minimum, maximum,  mean, and standard 

devia t ion  of t he  chemical a t t r i b u t e s  analyzed. All of the  chemical 

da ta ,  as w e l l  as other  desc r ip t ive  information about each loca t ion ,  

are  found i n  Appendix 111. 

not gathered or w a s  unavailable. 

performed by the author unless otherwise  indicated.  

Blanks i nd ica t e  that the  information w a s  

A l l  chemical analyses were 

C h e m i c a l  balance ca lcu la t ions  were made t o  compare m i l l i -  

equivalents of ca t ions  t o  anions and measured t o t a l  dissolved s o l i d s  

(TIIS) t o  calculated TDS. These ca lcu la t ions  were performed t o  double 

check the r e l i a b i l i t y  of the analyses. 

values w a s  acceptable, 15% was questionable,  and greater than 1% 

w a s  unacceptable without an explanation (Kroneman, personal 

communication). 

reanalyzed by Kroneman a t  the  Earth Science Laboratory, S a l t  Lake 

Ci ty ,  U t a h ,  and the results remained i n  the  unacceptable e r r o r  

A 10% di f fe rence  between the  

F i f t een  samples wi th  unacceptable e r r o r s  were 



32 

8 

TABLE 2.--General water chemistry data. 
are mg/l unless otherwise indicated. 

A l l  values 
F- and C1- 

are activi,ties. 

S t2ndard 
Minimum Maximum Mean Deviation 

sioz 

F e  

+2 Ca 

Mg+2 

Na' 

HCO 3 

c1- 

F- 

TDS 

cod.  (mmhos) 

-~ ~ 

4.0 

0.0 

7.0 

69.0 

4.5 

150.0 

4.0 

3.0 

0 . 3  

124.0 

0.0 

5 . 0  

0.0 

202.0 

180.0 

6.7 

108.0 

1500.0 
rn 

130.0 

842.0 

202.0 

2400.0 

4.5 

4466.0 

9500 . 0 

7.8 

21.5 

0 .5  

73.1 

28.7 

89.5 

7.6 

270. a 

21.1 

159.1 

0 . 5  

578.8 

834.4 

7 .1  

15.6 

0.8 

28.3 

18.3 

225.4 

18.0 

107 .1  

36.7 

379.2 

0 . 7  

660.3 

1356.0 

0.2 
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range, which leads the  author t o  conclude t h a t  her lab  procedures 

were acceptable and-reproducible.  The high e r r o r s  may be the r e s u l t  

of one o r  more of the following: (1) the presence of unanalyzed 

ions such as n i t r a t e s  and phosphates, which are common in 

f e r t i l i z e r s  used in agr i cu l tu re ;  (2) combined s m a l l  errars in pH 

and a l k a l i n i t y  which produce a much l a r g e r  e r ro r  i n  the reported 

bicarbonate (HC03-) value; and (3) the r e l a t i v e l y  small concentra- 

t i ons  of  ions i n  the samples which result i n  a comparatively l a rge  

r e l a t i v e  e r ror .  Most of t he  samples wi th  high e r r o r s  had grea te r  

measured t o t a l  dissolved solids (TDS) than calculated TDS which 

supports the suggestion that there  a r e  unanaipzed ions i n  the w a t e r .  

An e f f o r t  was made t o  group the cheaical analyses using: 

(1) the  Piper  diagram (Hem, 1970, p.  269); and (2) the  Clustar  

cluster ana lys i s  program (Romesburg and Marshall, 1980) using 

the average Euclidean d is tance ,  djk. 

The Piper  t r i l i n e a r  diagram i n  Figure 5 is based on percentage 

of t o t a l  mil l iequivalents  of either anions o r  cat ions p e r  l i t e r .  

Thus, the  Na + K value represents  the percentage of Na+ + K + +  + 
+2 relative t o  the t o t a l  ca t ion  mi i l iequiva len ts  (Na' + K+ + Ca+2 + Mg ). 

- - 
T& ~ 0 ~ - ~  + H C O ~  value is the percentage of C O ~ - ~  + H C O ~  r e l a t i v e  

- 
t o  the t o t a l  anion mil l iequiva len ts  per l i t e r  (a3-' + H C O ~  + 

-2 C1- + SO The percentages re fer red  t o  i n  the following 

discussion will be those calculated as described above, not  

). 4 

percentage of t h e  t o t a l  analysis .  

The Piper  diagramwas used t o  d i v i d e  the w e l l s  and spr ings 

into three groups, except f o r  w e l l s  CW-36 and CW-72, which do not 
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FIG. 5 .  --Piper diagram showing groundwater c h e m i s t r y  groups 
derived f o r  Cache Valley, Utah. 
as percentage of t o t d .  milliequivalents. 
fo r  each sample is plotted in the left ternary diagram, and 
percentage of anions is plotted in the right ternary diagram. 
These points are transferred onto the central diamond as shown f o r  
sample CW-72 (after Hem, 1970). 

Chemical constituents are plotted 
Percentage of cations 
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fall with in  any of the groups. Generally, t he  water i n  the Bensori 

area, the  llt. S t e r l i n g  area, and t he  Cornish area is i n  Group B. The 

th ree  warm w e l l s  and springs located w e s t  and south of Trenton 

(CW-30, CW-31, and CW-81) f a l l  i n t o  Group C wizh higher 

percentages of Na+ + K 
group, encompasses the rest of the val ley,  wi th  water containing 

higher percentages of  C03-2 + HC03 than the  other  two groups. It 

can be observed on the Piper  diagram (Fig. 5) that most of the 

w e l l s  and spr ings p lo t  below 20% Na 

more than 55% C O ~ - ~  + H C O ~  . 

+ than Groups A and B. Group A, the  largest 

- 

+ +  + K . T h e  Group A water has 
- 

Cluster ing the chemical data using the average Euclidian 

d is tance ,  d 

chemical d a t a  because it added in s igh t  i n t o  why t h e  objects  ( w e l l s  

(Fig. 6 ) ,  proved t o  be usefu l  when grouping the 
jk 

and spr ings)  had been grouped as they were. Seven a t t r i b u t s s  

SO4 , and Cl-) were used i n  the +2 +2 + + - -2 
(Ca Mg Na , K YW3 , 
cluster ana lys i s  with the  average Euclidean dis tance,  and 

groups s imi l a r  t o  those found i n  tire p iper  diagram were derived. 

The average Euclidean d is tance  was calculated using the 

re la t ionship  (Romesburg and Marshall, 1980) : 

where d is the average Euclidean dis tance,  j and k are the  objects  

( w e l l s  and spr ings) ,  P is the number of a t t r i b u t e s  (chemical 
jk 

const i tuents)  o r  dimensions in the model (i.e. seven-dimensional 
8 

i n  the case of seven a t t r i b u t e s ) ,  and X is t he  coordinate ( locat ion 



FIG. 6.--Cluster tree derived from 7 attributes using the average 
Euclidean distance, d k. Correlation i s  best at  low values of d 1 k' 
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in the n-dimensional model). A s impl i f ied  example would involve two 

a t t r i b u t e s ,  n, and two ob jec t s ,  j and k. Using the conventional 

rectangular  coordinates (2-dimensional), the absc issa  XI represents  

a t t r i b u t e  1 and the ord ina te  X represents  a t t r i b u t e  2. When the  

two objec ts  are p lo t t ed ,  t he  d i s t ance  between them represents  t h e i r  
2 

d i s s i in i l a r i t y ,  i .e.,  the  greater the  d is tance  between them, the  less 

similar they are. 

For the  purposes of this study, the chemical da t a  w i l l  be placed 

i n t o  one of t h ree  groups based on a combination of the above grouping 

techniques. 

the groups. 

Two w e l l s ,  CW-36 and CW-72, do not f i t  i n t o  any of 

The Piper  diagram in Fig. 5 shows the d i s t r i b u t i o n  of 

t he  chemistry groups. P l a t e  2 (p. 99) shows the  geographic dis- 

t r i bu t ion  of t h e  groundwater chemistry groups. 

Chemical Geo t hermome t ry 

Several  chemical geothermometers have been beveloped t o  assist 

in the explora t ion  fo r ,  and evalua t ion  o f ,  geothermal resources. The 

last temperature of water-rock In t e rac t ion  can be estimated from the 

water chemistry using several techniques including the s i l i ca  

geothennometer (Fournier and Rower 1966) and the Na-K-Ca geothermometer 

(Fournier and Truesdel l ,  1973). 

Fournier et  al. (1974) made five assumptions which are appl icable  

t o  both t h e  s i l ica  and Na-K-Ca geothermometers. It is important t o  

keep these  i n  mind when using these  chemical geothermometers and t o  

be aware of the l imi ta t ions .  The assumptions are: 

1. Temperature-dependent reac t ions  occur a t  depth. 
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2. All cons t i tuents  involved i n  the temperature-dependent 

reac t ion  are s u f f i c i e n t l y  abundant i n  the rocks, so t h a t  their supply 

fs not a l imi t ing  f ac to r  f o r  the react ions.  

3. 

.temperature. 

4.  Re-equi l ibrat ion o r  change i n  composition does not occur at 

temperatures lower than t h a t  of the reservoi r  while the w a t e r  is 

flowing from the r e se rvo i r  t o  the  surface.  

flow rate of 200 l/min was suggested by Fournier e t  al. (1974) as 

an a r b i t r a r y  cut-off for  flow from a s ing le ,  i so la ted  spring. A t  

a lower flow rate, re-equi l ibrat ion a t  lower temperatures is 

poss ib le ,  and the calculated temperature is probably lower than the  

a c t u a l  r e se rvo i r  temperature. 

Water-rock chemical equ i l ib ra t ion  occurs at  the reservoi r  

An approximate minimum 

5 .  No mixing of hot water wi th  cooler ,  shallow water occurs. 

Fournier and Truesdel l  (1974) developed a technique fo r  es t imat ing 

both the proportions of hot  and cold water involved i n  a mixing 

s i t u a t i o n  and the hot r e se rvo i r  temperature, providing there  w a s  

no gain o r  loss of silica p r i o r  t o  o r  after mixing and conductive 

cooling d ld  not occur. 

U s e  of  the Na/K r a t i o  as an i nd ica to r  of r e se rvo i r  temperature 

w a s  proposed by White (1965) and E l l i s  (1970) because this r a t i o  is 

presumably control led by a l b i t e  and potassium feldspar  equilibrium: 

+ + K + Na-feldspar - K-feldspar + Na 

Fournier and Truesdel l  (1973) observed t h a t  the Na/K geothermometer 

yielded unreasonable results f o r  waters with high C a  content and 
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concluded t h a t  C a  a l so  en te r s  i n t o  the s i l i c a t e  reac t ions  in 

competition with K and N a :  

+2 K+ + NaCa ? lag ioc lase  + q t z  = K-feldspar + Na+ + Ca 

8 

8 

8 

An equation w a s  derived by Fournier and Truesde l l  (1973) f o r  es t imat ing 

r e se rvo i r  temperatures based on the N a ,  K, and C a  content of the 

water: 

T O C  1647/[2.24 + F(T)] - 273.15 

where F(T) = log (Na/K) + Blog(&/Xa), N a y  K, and Ca concentrations 

a r e  expressed i n  molal i ty ,  and 8 is  1/3 o r  4 / 3  if the  calculated 

temperature is grea te r  or less than 100°C, respect ively.  

Fournier and P o t t e r  (1979) observed that Mg-rich waters yielded 

- Na-K-Ca temperatures w e l l  above 150°C and questioned t h e i r  v a l i d i t y ,  

so they developed a magnesium correc t ion  f o r  the Na-K-Ca chemical 

geothermometer of  Fournier and Truesdel l  (1973). The magnitude of 

depends on the Na-K-Ca estimated temperature the  correct ion,  A 

and t he  Mg+2 concentration r e l a t i v e  t o  the sum of dissolved Mg+2, R , 
and Ca+2, wi th  concentrations expressed i n  equivalents.  

recommended the  use of the Mg correc t ion  when the  Na-K-Ca estimated 

temperature w a s  >70°C and when R is i n  the range 5-50, w h e r e  

R = [Mg/(Mg + C a  + K)] X 100 using equivalent units of concentration. 

+ h s  * 

They 

can be calculated or read from a graph derived by Fournier and 

P o t t e r  (1979) and is subtracted from the Na-K-Ca estimated temperature. 

The Na-K-Ca geothermometer wi th  the Mg cor rec t ion  was used i n  this 

research f o r  es t imat ing reservoi r  temperatures. 

Ah 

8 i 
! 
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Coplen (1973) used the function F(T) as a geothermal exploration 

t o o l  r a the r  than f o r  the predict ion of a water-rock equi l ibra t ion  

temperature for  geothermal fluid.samples. When calculated from w e l l  

and spr ing  water samples, the  function may indica te  areas i n  wzhich 

there is a leakage of geothermal br ine a t  depth in to  the near-surface 

hydrologic system. I n  t h i s  case, the functicjn i s  not used t o  

determine the water-rock equilibrium temperature, but only t o  ind ica t e  

tha t  a geothermal anomaly ex i s t s .  Coplen (1973) plot ted F(T) values 

for  w e l l s  i n  the Imperial Valley area of Cal i fornia  and found the 

Na-K-Ca geochemical exploration technique t o  be useful. A po ten t i a l  

geothermal anomaly w a s  indicated by t h i s  technique when values of 

F(T) were less than about 2.00. F(T) values were calculated fo r  

Cache Valley, Utah (Plate 2) ; t h e i r  usefulness i s  discussed by 

individual  warm-water areas i n  a later sect ion.  

Fournier and Rowe (1966) proposed t h a t  the s i l i c a  content of 

a hot spr ing is  controlled by crystall ine-phase s i l i c a  s o l u b i l i t y  

a t  depth, not the s o l u b i l i t y  of amorphous s i l i c a  found near the  

surface.  Temperatures based on the  s i l ica  content of the water as 

a function of quartz s o l u b i l i t y  are calculated by: 

T"C = 1309/(5.205 - log  S i 0 2 )  - 273.15 

where the concentration of S i0  is  i n  ppm (Fournier, 1977). 2 

I f  the Na-K-Ca thermometer ind ica tes  a temperature of less than 

100°C, then the s i l i c a  temperature is calculated assuming t h a t  the 

s i l i c a  content of the water i s  a function of chalcedony s o l u b i l i t y  

(Fournier , 197 7)  : 
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T"C = 1032/(4.69 - log  SiOz) - 273.15 

Reservoir temperatures i n  Cache Valley, Utah were also calculated 

using the s i l i c a  geothermometer following the guidelines noted above. 

Fournier and Truesdell  (1974) proposed tha t  some warm springs 

may be the r e s u l t  of hot water from depth mixing with cooler, shallow 

water. Under c e r t a i n  conditions, the o r i g i n a l  temperature of the 

hot water and the f r ac t ion  of cold w a t e r  i n  the mixture can be 

estimated by using the  measured temperatures and the s i l i c a  contents 

of the warm spr ing  water and nonthermal water i n  the area. Fournier 

and Truesdel l  (1 974) described graphical and ana ly t ica l  procedures 

f o r  these estimations fo r  w a r p  springs with large flow ra tes ,  and 

Truesdel l  and Fournier (1977) presented a simplified graphical method 

f o r  obtaining the same results. The graphical method was used i n  

t h i s  research. The s i l i c a  geothennometer is more susceptible t o  

es t imat ing low reservoi r  temperatures as a r e su l t  of mixing than i s  

the Na-K-Ca geothermometer because it is based on the actual  s i l i c a  

content of the water r a the r  than r a t i o s  of ions as in the Na-K-Ca 

geo thermometer. 

Sonderegger and Donovan (1981) used a similar graphical method 

f o r  estimating reservoi r  temperatures. 

b i l i t y  curve r a the r  than the quartz  s o l u b i l i t y  c u n e  used by Truesdell  

and Fournier (1977). Reservoir temperatures derived from the chalcedony 

s o l u b i l i t y  curve were lower than those derived from the quartz solu- 

b i l i t y  cume. 

They used a chalcedony solu- 

The graphical method used by Sonderegger and Donovan 

(1981) w a s  a l so  applied t o  t h i s  research. 
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DISCUSSION 

Areas of Warm Water 

@ 

a) 

The three areas wi th  w a r m  water. in Cache Valley, Utah are 

North Logan, Benson, and Trenton. Each of these areas w i l l  be 

discussed ind iv idua l ly  wi th  respect  t o  surface temperatures, thermal 

grad ien t ,  chemical ana lys i s ,  geothermometrp, models t o  explain t h e i r  

occurrence, and geothermal po ten t i a l .  

The i n i t i a l  method f o r  evaluat ing apparent surface temperature 

anomalies is t o  compare the  measured sur face  water temperature t o  the 

calculated temperature of water coming from a c e r t a i n  depth, t o  

determine i f  the  normal thermal gradient could be responsible f o r  

the measured sur face  water temperature. 

expresses this re la t ionship  as : 

Basic p o t e n t i a l  theory 

w h e r e  TZ = temperature a t  depth 2, To = mean annual temperature, 

(AT/AZ) = thermal gradient ,  and 2 = depth (Darling, personal 

communication). 

t he  w e l l  o r  the depth of the perforat ions.  

temperature in Logan, Utah i s  8.3OC (Richardson, personal 

communication), and the thermal gradient used is the  one located 

The depth is normally assumed t o  be the  depth of  

The m e a n  annual 

closest t o  the w e l l  i n  question o r  the normal gradient  f o r  the  area 

i f  the former is anomalous. T h i s  ca lcu la t ion  can be used to  a n s w e r  

two questions: (1) Do the  depth of the w e l l  and the thermal gradient 
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account fo r  the cemperature of the water a t  the  sur face?  and (2) To 

what depth m u s t  water c i r c u l a t e  i n  order  to reach the temperature I 

observed a t  the sur face?  Presented i n  Table 3 are the measured 

0 
sur face  temperatures, calculated temperatures using the  equation 

above, w e l l  depths,  and the depths necessary t o  ob ta in  the measured 

temperatures f o r  the w a r m  water areas. In general ,  the  depths of 

e 
the  w e l l s  and the gradient do not account f o r  the warm water anomalies 

i n  Cache Valley, Utah, except i n  the North Logan area where the 

gradient i t se l f  is anomalous and misleading. 

The  s i l i ca  and Na-K-Ca geothermometers yielded some unreasonable e 
and questionable r e s u l t s  f o r  the reservoi r  temperatures (Table 4) 

because the calculated temperatures were less than measured surface 

temperatures. 

p lo t t ed  (Fig. 7), it  w a s  observed t h a t  there  w a s  a wide s c a t t e r i n g  

of po in ts ,  and no groups were formed. Estimated reservoi r  

temperatures were less than 120°C for  a l l  w e l l s  and spr ings.  

When temperatures calculated by both methods were 

e 
I n  order  t o  explain why the  chemical geothermometers did not 

r e g i s t e r  the  same temperature, one m u s t  return t o  the bas i c  assumptions 

m a d e  when the thennometers were developed. 

the water may be less than the reconnaended minimum of 200 l/min 

(Fournier et al., 1974), which allows re-equi l ibrat ion a t  a lower 

B) Commonly the flow rate of 

0 temperature. I n  this case, the calculated temperature is probably 

lower than the ac tua l  reservoi r  temperature. 

Kolesar and Degraff (1978) suggested that movement of hot 

Q water through the saline, v a l l e y - f i l l  sedimeats of Lake Bonneville 

might d i sso lve  soluble sodium- and potassium-rich minerals such as 
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TABLE 3. --Comparison of measured surface temperatures t o  
calculated temperatures assuming water is ris ing from 

t he  depth necessary t o  account f o r  the measured 
ternperature are a l so  given (see t e x t  for  

explanation o f  North Logan area). 

the bottom of  the w e l l .  The depth of the well and 

Loucion 

Q 

Lw- I 

m - 2  

21.1 

16.0 

0'7-3 2s. 1 

CW-4 19.9 

m - 7  16.4 

Cw-8 16.6 

CVG9 32.2 

- Eenoon: cherpul gradi.nc 35OC/km 

c w - L O  

cw-11 
cw-12 

CW-13 

CW-14 

CW-15 

CW-16 

CW-L? 

m - 1 8  

cw-19 

cw-20 

cw-2  1 

15.0 

20.9 

20.9 

23.0 

18.0 

19.9 

17.3 

17.5 

17.4 

18.1 

20.0 

23.1 

cw-22 17.5 

Nv-23 19.8 

. cw-24 11.4 

- Trcntun: thmal gradlent 3 6 ' C / b  

CW-30 30.1 

cw-31 50.1 

c w - 8  I 22.9 

10.1 
(14.967.0) 

10.1 
(15.682.0) 

11.0 
(23.i63.L) 

10.0 
(14.501.9) 

10.5 
(19.016.3) 

LO. 5 
(18.303.5) 

8.8 
B (12.422.9) 

14.8 

13.a 

14.0 

15. I 

13.9 

12.1 

15.0 

14.2 

14. I 

15.9 

18.2 

50.3 

52.1 

78.3 

o8.a 

64.0 

61.6 

41.8 

187.8 

157.0 

162.5 

195.4 

160.0 

107.9 

190.8 

170.1 

166.4 

? 

216.4 

283.5 

16.0 220.4 

16.3 227. I 

9.9 44.8 

365. i 
(0.0L) 

220.0 
(0.03) 

480.0 
(0.06) 

3 3 1 . L  
(0. OL) 

U1.L 
(0 .03 )  

227. 1 
(0.03) 

682.9 
i 0 . W  

191. i 

360.0 

360.0 

&to. 0 

228.6 

331.6 

26i. 9 

262.9 

260.0 

280.3 

336.3 

420.3 

262.9 

328.6 

88.6 

spr ing 605.6 

1587.4 L161.! 

qpr inc $05.6 
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TABLE 4.--Estimated reservoi r  temperatures based on 
chemical geothermometers 

Silica Na-K-Ca Measured Surface 
fLocation T ("0 r (Oc) T ("0 

North Logan - .  

cw- 1 15.3 29.9 21.1 

c w - 2  18.0 31.6 16.0 

cw-3 27.2 45 "6 25.1 

c w - 4  31.3 42.5 19.9 

cw-7 32.8 56.1 26.4 

CW-8 34.9 53.3 16.6 

Benson 

cw-10 

cw-11 
cw-12 

, cw-13 

CW-14 

CW-15 

CVV- 16 

cw-17 

CW-18 

cw-19 

cw-20 

c w - 2  1 

cw-22 

CW-23 

CW-24 

83.5 

78.2 

69.5 

32.8 

12.6 

29.3 

18.0 

15.3 

6 .5  

9.7 

38.5 

52.0 

9.7 

36.7 

67.5 

45.4 

42.0 

49.6 

27.5 

14.7 

15.1 

67.2 

22.4 

33.4 

38.2 

37.9 

38.3 
34.1 

33.5 

52.4* 

15.0 

20.9 

20.9 

23.0 

18.4 

19.9 

17.5 

17.5 

17.4 
18. 1 

20.0 

23.1 

17.5 

19.8 

11.4 

Trenton 

CVV-30 

CW-3 1 

CW-8 1 

31.4 

08.8 

46.6 

71.3* 

56.5* 

55.4* 

30.1 

50.1 

22.9 

*Magnesium correc t ion  applied t o  Na-K-Ca temperatures. 
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FIG. 7.--Plot of indicated silica temperature versus indicated 
M g  correction has been applied to the Na-K-Ca Na-K-Ca temperature. 

temperature where necessary. 
agreement between the two chemical geothermometers. 

The 1:l ratio line represents ideal 
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h a l i t e  and sy lv i t e .  

potassium, making the  Na-K-Ca thermometer inva l id .  

This would enr ich  the water i n  sodium and 

The s i l i c a  and Na-K-Ca geothermometers were developed f o r  high- 

temperature geothermal occurrences i n  Pellowstone Park where the  

source r o c k  of the aqui fe rs  are pr imari ly  of volcanic or igin.  

Because the  compositions of the source rocks of  the aqui fe rs  i n  

Yellowstone are vas t ly  d i f f e r e n t  than those found in Cache V a l l e y  

(sandstone, limestone, and dolostone),  the  water-rock equilibrium 

equations upon which the geothermometry ca lcu la t ions  are based may 

not be va l id .  

F ina l ly ,  l i t t l e  research has been done on such low-temperature 

geothermal occurrences, so it is poss ib le  these chemical geo- 

t'hermometers are j u s t  not appl icable  t o  r e l a t i v e l y  low-temperature 

waters. 

evaluat ion of low-temperature geothermal resources (Coplen, 1973). 

P l a t e  2 ind ica tes  the locat ions of w e l l s  and sprfngs i n  the study 

area where F(T) values ind ica te  a possible  geothermal anomaly. 

Use of F(T) values may be a m o r e  usefu l  tool i n  the 

In  attempts t o  apply the mixing model of Truesdel l  and Fournier 

(1977) t o  t h e  w e l l s  and springs in the warm water areas, it w a s  

found that many of the loca t ions  had temperatures and/or concentra- 

t i ons  of si l ica too low for the model t o  be applicable.  Table 5 

lists the  results of those wells and spr ings  i n  which the  mixing 

model could be applied. 

Two types of masking effects are proposed as models for explain- 

i n g  the production of warm water occurrences i n  Cache Valley, U t a h .  

Model 1 involves water which has migrated t o  depth, is warmed by the 
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TABLE 5.-Results of mixing calculations 

Corrected Orlglnal  
Na-K-C. Surfaca Warm Spring Cold Spring Cold Spring Hot Spring X llot 5i02 

Temp. Tenp. 
H2° PC) PC) 

Location Temp. S i l i c a  Temp. S i l i c a  Temp. 
(OC) (PPd (OC) (PPd P C )  

North Logan CW-3 25.1 18 14.3 14 108' 10 27.2 45.6 
36' . 30 

cvv-4 19.9 20 14.3 14 157' 5 31.3 42.5 

Benson CW-11 20.9 57 12.5 49 168' 5 70.2 42.0 
69 10 

- 
. .  cw-12  20.9 40 12.5 49 99' 10 69.5 49.6 

Trenton CW-30 - 30.1 20 10.1 19 64' 
30' 

40 
100 

31.4 71.3 

14.8 20 64' 30 
30' 100 ' 

CW-31 50.1 69 10.1 19 200' 20 88.8 56.4 
14.8 20 205 ' 20 

cvv-81 22.9 29 10.1 19 145' 10 46.6 33.6 
106' 15 

14.8 20 195' 5 

IUascd on quartz s o l u b i l i t y  curve (Truesdell and Fournler. 1977). 
2RaseJ on chalcedony s o l u b i l i t y  curve (Sonderegger and Donovan. 1981). 

P 
U 
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normal thermal gradient ,  rises quickly along a permeable f a u l t  zone 

without cooling, encounters near-surface cold water recharge and is 

d i lu t ed ,  thereby appearing cool  a t  the  sur face  (Fig. 8a). I n  Model 

water migrates t o  depth, is warmed by the  normal thermal gradient ,  

rises rap id ly  along the f a u l t  zone and encounters a layer  of 

less permeable sediments (confining layer)  . T h e  less permeable 

zone causes hor izonta l  flow and gradual cooling of t he  water u n t i l  

it reaches the surface (Fig. 8b). The models can a l so  be combined 

t o  explain the cooling of hot  water r i s i n g  from depth. 

North Logan.--Wells CW-1, CW-2, CW-3, CW-4, CW-7, e d  CW-8 

are i n  the North Logan area. 

t o  25.1OC. 

q u i t e  anomalous when compared t o  the average Basin and Range thermal 

gradient.  When gradient w e l l  CVG-9 w a s  being pumped, the  temperature 

of the  water w a s  32.2"C (Huppi, personal communication), c lose  t o  

the present bottom hole temperature (32.54OC). The temperatures 

measured i n  CVG-9 ranged f r o m  21.36OC to 32.54"C,  unusually high 

compared t o  the o the r  temperature profiles measured for this study, 

which ranged from 9.52OC t o  16.03OC. 

temperature and high calculated thermal gradient ,  i t  appears t h a t  warm 

water is c lose  t o  the  surface at CvG.9. 

Water temperatures range from 16.0"C 

A thermal gradient  of 297OC/km w a s  calculated at  CVG-9, 

Based on this high measured 

I f  the thermal gradient of 297OC/km is used to ca lcu la t e  the  

temperature of water wi th in  w e l l s  in North Logan, it is c lea r  t h a t  

the  depth of each well can account for the measured water temperature 

(Table 3). However, 297"C/km is an extremely anomalous gradient ,  

which probably r e s u l t s  from the presence of warm water near the 



9 ep 

warm water 

FIG. 8.--Masking models ( see  

warm voter 

t ex t  for d i scuss ion) .  
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su r face . .  A near-surface occurrence of moving, warm groundwater, 
a 

8 

B) 

with i t s  convective heat t r a n s f e r ,  would mask the conductive heat 

transfer and preclude the determination of t he  actual thermal gradient  

i n  the area. 

I f  t he  average Basin and Range thermal gradient of 35"C/km 

is used i n  the ca lcu la t ions ,  i t  can be seen (Table 3) t h a t  the w e l l  

depths i n  North Logan are i n s u f f i c i e n t  t o  account f o r  the measured 

water temperatures. 

The chemical analyses of w e l l s  in the North Logan area  placed 

the water i n  Group A. 
-2 - 

has high percentages of C 0 3  

C a  + i nd ica t ing  recharge from a carbonate t e r r a i n  (i.e. , 
Bear River range). 

w e l l s  f a i r l y  c lose ly  but do not show anything s t r i k i n g  about the 

water chemistry i n  comparison t o  o ther  Group A samples. The 

concentrations of TDS i n  t he  North Logan area  are lower than those 

i n  other  warm water areas, which may be the result of sho r t e r  

residence time of t h e  recharge water i n  the aqui fe r ,  coarser 

sediments through which this water t r a v e l s ,  o r  mixing with  cold 

recharge water which could cause p r e c i p i t a t i o n  o r  d i l u t i o n  of the  

dissolved so l id s .  

According t o  the Piper  diagram, this water 

+ HC03 and high percentages of 

+2 

The cluster analyses c o r r e l a t e  the individual  

When the chemical analyses were used t o  calculate reservoi r  

temperatures, the  silica temperature was cons is ten t ly  lower than 

the Na-K-Ca temperature (Table 4). Estimated reservoi r  temperatures 

ranged from 15.3OC t o  56.loC, which may i n d i c a t e  a possible  low- 

temperature geothermal reservoir .  F(T) values calculated for the 

. area (Pla te  2) did not  i nd ica t e  a geothermal anomaly. 
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The mixing model (Truesdell  and Fournier,  1977) w a s  applied t o  

the warin water w e l l s  i n  the North Logan area wi th  some success. 

Corrected temperatures f o r  t he  hot water component of w e l l s  CW-3 

and CW-4 were 108°C and 157OC respec t ive ly ,  compared t o  the s i l i c a  

geothekometer temperatures, 27.2OC and 31.3OC,. and the  Na-K-Ca 

temperatures, 45.6OC and 42.5OC. 

t o  the o ther  w e l l s  i n  the area because of low s i l ica  concentrations 

and low water temperatures. 

The mixing model w a s  not appl icable  

Peterson (1946) and Utah Geological and Mineral Survey (1980)  

noted the  warm water occurrence i n  the North Logan area, and both 

suggested s imi l a r  theor ies  as explanations. Peterson (1946,  p. 33) 

proposed that "water i s sues  from deep f i s s u r e s  on the edge of the 

va l l ey  and is confined t o  d e f i n i t e  gravel  s t r a t a . "  

and Mineral Survey (1980)  mentioned t h e  ln t e r sec t ion  of two major 

f a u l t s  which are pa r t  of the East Cache Valley f a u l t  zone and a r e  

located east of North Logan. 

the two masking models discussed earlier t o  explain the occurrence of 

w a r m  water In the North Logan area. 

major faults increases  v e r t i c a l  permeabili ty,  allowing the  water a t  

depth t o  rise rapidly,  but t h i c k  layers  of Quaternary sediments 

force  the hot water t o  flow horizontal ly .  

Utah Geological 

This author proposes a combination of  

The i n t e r sec t ion  of the two 

Such a model can a l s o  

explain the anomalously high thermal gradient ,  because the hot  water 

comes c lose  t o  the sur face  before being forced t o  flaw horizontal ly .  

Evidence f o r  this s i t u a t i o n  is the inverted temperature zones noted 

by Peterson (1946) i n  the  w e l l s  at  Logana Plunge, (A-12-1)28bba, 

and i n  a w e l l  southwest of Amalga, (B-13-1)25b. A t  Logana Plunge, 
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a gravel  aqui fe r  a t  4 4 . 8  m produced water at  27.8"C, and at  7 8 . 3  m 

another gravel  aqui fe r  produced water at  26.1OC. The w e l l  near 

Amalga had 37.8OC water a t  324.3 m and 16.7"C water a t  415.7 m. 

water w e l l s  located c lose  t o  the western branch of the East Cache 

Warm 

Valley f a u l t  zone have temperatures which can be accounted f o r  by 

t h e i r  depths, but a r e  s t i l l  anomalous 

ground value fo r  groundwater temperatures i n  Cache Valley. 

when compared with the back- 

Cold 

recharge water flowing through the  sediments may be mixing with the 

hot water r i s i n g  along the fault zone, so that the water which 

rises i n  w e l l s  near the f a u l t  i s  only s l i g h t l y  warmer than normal. 

Benson.--Wells CVV-10 through CW-24 a r e  i n  the Benson area.  

Temperatures range from 13.5"C (Utah Geological and Mineral Survey, 

io 

8 

1980) t o  23.0"C. 

because a s u i t a b l e  w e l l  w a s  not located.  The wells general ly  

No temperature p r o f i l e  w a s  measured i n  the area 

penetrate a confined aqui fe r  a t  depths of 91 t o  283 meters (Bjorklund 

and McGreevy, 1 9 7 1 ) .  

area can be completely accounted f o r  by w e l l  depths and the average 

None of t h e  temperatures measured i n  the Benson 

' Basin and Range thermal gradient  (3SoC/km). It i s  possible  that the 

thermal gradient in the area is greater than 3S°C/km, which would 

account f o r  the higher temperatures. However, this seems unl ikely,  

as gradients  measured t o  the nor th  and south of Benson are 36"C/lan 

and 29OC/km respect ively.  

Based on t he  chemical analyses, water samples i n  the Benson area  

general ly  belong t o  Group B. 

water has lower percentages of C03-' + HC03 than Group A. The 

cluster analyses co r re l a t e  most of the w e l l s  f a i r l y  close together. 

According t o  the  Piper  diagram, this 
- 
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Most have higher concentrations of TDS and Ca+2 than the rest of 

Group B. CW-16 has a lower concentration of Ca+2 than the r e s t  of 

the  w e l l s  and pio t ted  on the far edge of t he  B group i n  the Piper 

diagram. W e l l s  CW-11 and CW-12 a r e  i n  Group A, wi th  higher 

percentages of  C03 

TI)S than o ther  w e l l s  i n  the Benson area. 

taken, most were negative (reducing environment), which co r re l a t e s  

pos i t i ve ly  wi th  bad t a s t i n g  water. 

-2 - + HC03 and lower concentrations of C l -  and 

Where Eh readings were 

Some of the samples produced similar calculated reservoi r  

temperatures when using the s i l i c a  and Na-K-Ca thermometers (Table 4) .  

These temperatures range from 1 2 . 6 O C  t o  38.5OC. However, the 12.6OC 

calculated reservoi r  temperature f o r  CW-14 i s  lower than the 

measured sur face  temperature (18.4OC), and therefore  those w e l l s  

w i t h  calculated temperatures less than measured temperatures are 

unreasonable. F(T) values a l s o  d id  not i nd ica t e  a geothermal 

anomaly i n  this area ( P l a t e  2).  

The midng model of  Truesdel l  and Fournier (1977) w a s  not 

appl icable  t o  most of the w e l l s  In the Benson area because of low 

temperatures and low si l ica  contents.  

t he  mixing model was appl icable ,  CW-11 and CW-12 had corrected hot 

In the two w e l l s  i n  which 

water temperatures of 168OC and 99OC in comparison t o  s i l i ca  

thermometer temperatures of 78.2OC and 69.5OC and Na-K-Ca 

temperatures of 42.0°C and 49.6'C. 

Whereas the  depths o f  the w e l l s  i n  the  Benson area  and a thermal 

gradient  of 35OC/km do not account f o r  the  w a r m  water, a possible  

explanation for the  occurrence of warm water i s  t h a t  water heated by the 

j. 
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normal thermal gradient is r i s i n g  quickly from depth along the nearby 

Clarkston fault  zone o r  o ther  unknown f a u l t ( s )  and i s  moving 

hor izonta l ly  towards Benson. 

sediments, e spec ia l ly  i n  the clay-sized p a r t i c l e  range, may be 

causing the water t o  move hor izonta l ly  r a the r  than v e r t i c a l l y .  

BjorMund and NcGreevy (1971, P l a t e  4 )  showed that the water i n  the 

a rea  flows from the west s i d e  of the va l l ey  toward the center.  

A de ta i l ed  gravi ty  survey of t he  area would be he lp fu l  fo r  loca t ing  

f a u l t s  t o  provide f u r t h e r  evidence t o  support this theory. If  

temperature p r o f i l e  measurements were possible  in the a rea ,  then 

the estimated thermal gradient could be revised i f  necessary. 

The great thickness of Quaternary 

Trenton.--Three spr ings and one w e l l  in the  Trenton area have 

A thermal gradient of . temperatures ranging from 22.9OC t o  50.1OC. 

3 6 O C / b  w a s  calculated from a temperature p r o f i l e  measured wi th in  

1 kilometer of Gancheff's spr ing  (Rock Well). Tufa depos i t s  were 

found at four  locat ions coinciding wi th  the  Dayton f a u l t  zone 

( F i g .  9): (1) P i t c h e r ' s  spring; (2) G a n c h e f f ' s  spring; (3) Read's 

spr ing;  and (4) the Trenton gravel p i t .  

Pitcher's sp r ing  has been covered with s o i l  by a farmer who 

wanted t o  farm over i t ,  but a swampy area wi th  cattails and 

sca t t e red  chunks of tufa remain as m a r k e r s .  

t o  have erupted during the lifetime of the present owner's f a t h e r ,  

i.e., within the  last  100 years (Pi tcher ,  personal communication). 

This spr ing  is  sa id  

Gancheff's spr ing  (CVV-30) o r i f i c e  is about 6.1 meters i n  

diameter, surrounded by a mound of tu fa ,  wi th  the water l e v e l  about 

3 meters below the ground surface.  The water has a f a i r l y  constant 

Q 
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temperature of 30.1OC. 

sp r ing  and Read's spr ing  gushes from a hor izonta l  w e l l  i n t o  an 

i r r i g a t i o n  canal. 

water is flowing over the  top of Gancheff's spring, therefore  t u f a  

is no longer being formed. A spring-fed catt le pond south of 

Gancheff's spring had a temperature of  26.5OC but contained too much 

A constant flow of water from both Gancheff's 

Read's spr ing  o r i f i c e  i s  dry as a r e s u l t .  No 

sediment fo r  sample col lect ion.  

Co t t l e ' s  spr ing  (CW-81) had a temperature of 22.9OC and 

smelled l i ke  su l fur .  It w a s  used t o  sca ld  pigs  during the recent 

p a s t  (Anderson, personal communication). Warm springs are s i t e d  

sporadica l ly  along the banks of the B e a r  River. Those near Trenton 

were never observed by tihe author because the water i n  the slough 

w h e r e  they are supposedly located covered t h e i r  o r i f i c e s .  

The Karmis-Brown gas w e l l  (CW-31) w a s  d r i l l e d  t o  a depth of 

1,587 meters and has a temperature of 50.1OC. 

e a s i l y  be accounted f o r  using a thermal gradient of 36"C/km, even 

i f  water is  en ter ing  through the  perforat ions c loses t  t o  the  sur face  

(1151 t o  1155 meters). Its temperature has remained constant s ince  

it was  d r i l l e d  i n  1957. 

T h i s  temperature can 

CW-30, CW-31, and CW-81 are i so l a t ed  chemically from the  

previously mentioned groups and form Group C on the Piper diagram. 

They have r e l a t i v e l y  higher percentages of both Na+ + K+ 
and SO4-' + C l -  than the  o ther  groups (Fig. 5 ) .  CW-30 contains 

+ the  highest  concentrations of Na , K', C1-, and TDS, and has the  

highest  conductivity found i n  t h e  study area. These samples are 

c lose ly  cor re la ted  because of their high concentrations of a l l  of 

the ions which w e r e  analyzed. 
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When t'he s i l i c a  geothermometer and Na-I(-Ca geothermometer with 

the  Mg correc t ion  were applied,  r e l a t i v e l y  high reservoi r  temperatures 

were calculated.  

various combinations of w a r m  and cold spr ings,  the  r e se rvo i r  

temperatures f o r  CW-30 were higher than the temperature calculated 

by the  si l ica thermometer and similar t o  the  temperature calculated 

by the Na-K-Ca geothennometer. The corrected hot water temperatures 

f o r  CW-31 and CW-81 w e r e  much higher than the Na-K-Ca temperatures 

(Table 41, i nd ica t ing  t h a t  mixing probably did occur a t  a l l  th ree  

loca t ions .  The temperature of the r e se rvo i r  may be between 100 and 

200°C according t o  the m i d n g  ca lcu la t ions ,  with c i r c u l a t i o n  depths 

of 2.5 t o  5.3 km necessary t o  warm the  water by the normal thermal 

gradient.  

When mixing model ca lcu la t ions  were performed using 

F(T) values for these three locat ions i n d i c a t e  a possible  

geothermal anomaly (Plate 2).  Tufa depos i t s  and sur face  temperatures 

a l so  ind ica t e  the presence of a geothermal anomaly. The warm spr ings 

i n  the Trenton area  may be r e l a t ed  t o  the Dayton f a u l t  zone, wi th  

water from depth r i s i n g  rap id ly  t o  the sur face  along the  f a u l t  zone, 

cooling l i t t l e  before reaching the surface.  

hor izonta l  flow and fewer masking e f f e c t s  i n  t h i s  area because the 

spr ings are c lose r  t o  the  fault zone, w'nich probably d isp laces  

Quaternary sediments. 

There is probably less 
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CONCLUSIONS 

Chemical Geothermometry 

The author found t h a t  many of t he  source tempratures calculated 

f o r  each loca t ion  from the s i l i c a  and Na-K-Ca geothermometers were 

similar; however, some temperatures were unreasonable (i .e. , 
measured sur face  temperature was grea ter  than calculated source 

temperature, o r  calculated temperatures f o r  the same loca t ion  varied 

d r a s t i c a l l y ) .  Application of the Mg cor rec t ion  w a s  necessary f o r  

some of the Na-K-Ca temperatures and made s ign i f i can t  changes i n  those 

wi th  o r i g i n a l l y  high source temperatures. Because the s i l i c a  and 

Na-K-Ca chemical geothermometers used i n  this study produced some 

questionable results, the  author f e e l s  that these geothermometers 

should be used wi th  caution as tools  i n  evaluat ing low-temperature 

geothermal resources. F(T) values (Coplen, 1973) may be  of more use 

than questionable r e se rvo i r  temperatures. The mixing model of 

Truesdel l  and Fournier (1977) was general ly  not appl icable  t o  this 

research due t o  low sur face  temperatures and low concentrations of 

si l ica.  

Low-temperature Geothermal P o t e n t i a l  

i n  Cache Valley, Utah 

The water temperatures i n  Cache Valley, Utah are lower than those 

general ly  considered useful  as low-temperature geothermal resources,  

i.e., 50 t o  80°C (Todd, 1980, p. 64). However, North Logan (16.0 
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t o  25.loC), Benscn (13.5 t o  23.OoC),  and Trenton (22.9 t o  50.1'C) 

have anomalously high temperatures when compared t o  the background 

temperature of 13.OoC found i n  the ove ra l l  study area. 

(1980) l i s t e d  temperatures of geothermal f l u i d s  required fo r  various 

uses. Those temperatures which are appl icable  t o  Cache Valley, Utah 

are l i s t e d  i n  Table 6 .  He inade the following suggestions f o r  

developing a geothermal reservoi r  fo r  commercial exp lo i t a t ion  

(Rinehart, 1980, p. 175) : 

Rinehart 

I. 

(< 3000 m) ; 

2. 

The water m u s t  be obtainable  at a r e l a t i v e l y  shallow depth 

The reservoi r  m u s t  be l a rge  and s u f f i c i e n t l y  permeable t o  

allow water and steam t o  flow out continuously a t  a high rate o r '  

be s tored;  

3. A cap rock of low permeabili ty m u s t  be present t o  i n h i b i t  

the  flow of water and heat  t o  t he  surface; 

4. There m u s t  be an adequate supply of water t o  recharge t h e  

reservoir ; and 

5 .  The f l u i d  should be r e l a t i v e l y  free from excessive and 

corrosive chemicals. 

All of the water i n  Cache Valley is ava i l ab le  a t  shallow depths, 

and the t o t a l  annual recharge is approximately equal  t o  the  t o t a l  

annual discharge. The lake-bottom sediments of c lay  and s i l t  act 

as a confining layer o r  cap rock, but  they allow some conductivity 

of the groundwater. 

and the  va l ley  sediments have high s torage capacity ( B j o r k l d  and 

McGreevy , 197 1) 

The aqui fe rs  are general ly  highly permeable, 
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TABLE 6 .  --Temperatures of geothermal f luids required for 
various purposes (after Rinehart, 1980) 

Temper at  UT e uses 
(" C) 

60 

50 

40 

30 

* 20 

Animal husbandry; 
Greenhouses by combined space heating and 

hotbed heating 

Mushroom growing; 
Balneological baths 

Soil warming 

Swimming pools, biodegradation, fermentations; 
Warmwater for ye& around mining; 
Deicing 

Hatching of f i sh ;  
Fish fanning 

e 
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North Logan water i s  low i n  TDS, but because i t  i s  on the  edge 

of the va l l ey ,  suppl ies  may be depleted more rap id ly  during drought 

years  than i n  o ther  p a r t s  of the val ley.  

TD5 content and is corrosive,  but it has a high y ie ld  and is confined, 

which reduces pumping costs .  P l a s t i c  p i p e s  would possibly solve the 

Benson water has a high 

corrosion problem. Trenton water, wi th  the  highest  temperatures, a l so  

has the highest  TDS and a high yield.  

Although water temperatures i n  Cache Valley are too low fo r  

extensive development of geothermal resources,  t he  w a r m  water i s  

already being u t i l i z e d  f o r  f i s h  hatching and fanning, p a r t i a l l y  

heat ing a swimming pool, and groundwater heat pumps f o r  homes. A 

groundwater heat  pump e x t r a c t s  heat energy from incoming groundwater , 

thereby de l iver ing  i t  t o  the home. 

source than air (Utah Water Research Laboratory, 1979). 

Groundwater i s  a b e t t e r  heat 

I n  conclusion, the  warm water i n  the s p e c i f i c  geographic areas 

previously mentioned, North Logan, Benson, and Trenton, has p o t e n t i a l  

for isolated energy development. Groundwate r  heat pumps fo r  domestic 

use have proven t o  be use fu l  in some h o m e s  i n  Cache Valley, Utah 
8 

and should be u t i l i z e d  by o the r  homeowners, espec ia l ly  i n  the warm 

Q 

w a t e r  areas. Precautions should be taken when the water is corrosive 

o r  high i n  TDS a8 i n  the Benson area. P l a s t i c  pipe i s  a possible  

solut ion.  The water i n  Cache Valley, Utah is not warm enough f o r  

major commercial development o ther  than the uses suggested by 

Rinehart (1980) (Table 6 )  

Hopefully the  d a t a  and conclusions of this report  w i l l  provide 

some addi t iona l  i n s igh t  i n t o  groundwater conditions i n  Cache Valley, 
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Utah and w i l l  h e l p  interested p a r t i e s  to  evaluate the low- 

temperature geothermal potential within their own particular geographic 

areas. 
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FURTHER mSTIGATIONS 

With the groundwork which this inves t iga t ion  provides, more 

thermal gradient measurements should be made, as  w e l l  as thermal 

conductivity measurements, so that a regional  heat flow study can 

be performed. 

Detailed gravi ty  surveys and modeling a r e  recommended for North 

Logan, Benson, and Trenton areas. 

A similar assessment should be car r ied  out i n  Cache Valley, 

Idaho so t h a t  a complete low-temperature geothermal evaluat ion o f  the  

e n t i r e  Cache Valley can be accomplished. 
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Appendix I 

Well- and Spring-numbering System 

T h e  w e l l -  and spring-numbering system used in this report  is 

shown i n  Fig. 10 and is based on t he  U.S. Bureau of Land Management's 

system of land subdivision. The w e l l  o r  spr ing number corresponds t o  

the  loca t ion  of the  w e l l  o r  spr ing  by quadrant, township, range, 

sec t ion ,  and pos i t ion  within t h e  sect ion.  

been divided i n t o  four quadrants formed by the in t e r sec t ion  of the  

The State of Utah has 

S a l t  Lake Base Line and the S a l t  Lake Meridian. 

a t  the beginning of the code ind ica tes  the  quadrant i n  which the  

T h e  c a p i t a l  letter 
rn 

spr ing  o r  w e l l  is located: A, the  northeast  quadrant; B y  the 

northwest quadrant;  C ,  the southwest quadrant; and D ,  t he  southeast  

quadrant. Numbers designat ing the township and range, respect ively,  

follow the quadrant letter, and t h e  three are enclosed i n  parentheses. 

The number a f t e r  the parentheses designates the  sec t ion ,  and the  

letters following the  sec t ion  number give the  loca t ion  wi th in  the 

sec t ion .  The f i r s t  letter denotes t he  qua r t e r  s ec t ion  (usually 160 

acres), the second letter denotes the quarter-quarter  s ec t ion  (40 

ac res ) ,  and the t h i r d  letter denotes the quarter-quarter-quarter 

s ec t ion  (10 acres) .  

a counterclockwise d i r e c t i o n  beginning wi th  "a" in the northeast  

quar te r  of the  secrion and with in  each quar te r  s ec t ion  i n  the same 

manner. The numbers that follow the letters ind ica t e  the  serial 

number of the w e l l  o r  spr ing  wi th in  the 10-acre tract. 

The letters are assigned wi th in  the  sec t ion  i n  

Thus w e l l  
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(A-l2-1)28caa-l i n  Cache Valley, Utah is in the NEWSWk sec. 28, 

T .  12N., R. l E . ,  and i t  was the first w e l l  v i s i t ed  i n  that tract .  

Springs are numbered s imilarly except that they are designated by 

the letter "S" preceding the serial number (Bjorklund and McGreevy, 

- 1971; Murphy and Gwynn, 1979). 

Q 
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FIG. 10.--Well- and spring-numbering system (Murphy and Gwynn, 
1979). 
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Appendix I1 

Thermal Gradient Data 



Q 

Q 

Q) 

Q 

Appendix 11 

Thermal Gradient Data 

Included h e r e - a r e  d a t a  summary sheets  f o r  a,, sites locate! 

P l a t e  1. 

74 

i n  

"Dip Angle" r e f e r s  t o  the d ip  of the  w e l l .  This information is  

necessary f o r  topographic correct ions.  -"Completed By" r e f e r s  t o  the  

da t e  on or  before which the d r i l l i n g  w a s  completed. 

r e f e r s  t o  the da te  when the temperature p r o f i l e  measurements were made. 

These da te s  are necessary t o  insure t h a t  the water temperatures have 

had enough t i m e  t o  s t a b i l i z e  between d r i l l i n g  and logging. 

"Logged On" 

The gradient ca lcu la t ions  were made over the  depth range l i s t e d .  

Perforat ions i n  the casing are also l i s t e d  by t h e i r  depth range. 

Oftentimes sediments begin t o  f i l l  up the  w e l l .  Therefore, i n  

most of the w e l l s  logged f o r  this study, the l i tho logy  taken from the 

d r i l l e r ' s  log covers a greater depth range than the depth range of 

temperatures measured by the author. 
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Area: Cache Valley, Utah 

Locality:  (A-10-1) 26bbb 

Well: Paradise  CVG-1 

-. . - -  

S i t e  Latitude: 41"34'56.5" N. Depth Range (Grad. Calc.): V9-49 m - 8 
- 

- - .  S i t e  - -_ Longitude: - 111°48'44" W. Gradient : isothermal 

S i t e  Elevation: 1591.1 f 5.8 m Depth To Water: 51 m 

Dip Angle: 90" Perfora t ions  (Depth): 49.4 m t o  

Completed By: 1-23-78 58.5 m, 63.1 m to, 76.2 m - - 
8 

_. 

Logged On: 9-12-81 _ _ _  - - 

8 

8 

Q 

9 10.98 

19 10.99 

29 11.01 

39 10.95 

49 10.96 

53 10.78 

To Depth Lithology 
(m) 

9.1 brown c lay  

18.0 cemented sand 

36.6 l i g h t l y  cemented sand, 
gravel  

42.7 brown clay 

47.2 cemented gravel 

49.4 brown c lay  

58.5 cemented gravel ,  water 

63.1 b r a m  c lay ,  gravel 

73.5 cemented gravel  

75.0 l i g h t l y  cemented gravel  

76.2 brown c l ay  

78.6 cemented gravel  

80.2 unknown 

82.3 l i g h t l y  cemented 
gravel, water 
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0 
Area: Cache Valley, Utah 

Locality: (A-10-1) 27dad 

W e l l  : Paradise CVG-2 

S i t e  Latitude: 41'34'25.5" N. Depth Range (Grad. Calc.) : 19-49-m------ 

S i t e  Longitude: 111'48'53" W.  Gradient : 
___ I -- 

i s  o t hemal.  - __ - . - 
S i t e  Elevation: 1566.7 f 5.8 m Depth To Water: 13 m - . __ - - - 

D i p  Angle: 90% Perforations (Depth) : - . - - - - -. 

Completed By: 9-79 _. - . --  

Logged On: 9-1 2-8 1 _ .  _I___- 

- - - _  

8 - _- - 

- 

Q 

Depth 
(m> 

9 10.89 

19 10.65 

29 ' 10.81 

39 10.92 

49 11.00 

To Depth Lithology 
(m) 
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Area: Cache Valley, Utah - . 

Locality: (A-10-1) 16bbd - __ - - - -- 

Well: Hytm CVG-3 - - - -  

_ _  __ - - - 19-79 m S i t e  - Latitude: 41'36'36" N. Depth Range (Grad. Calc.): 

S i t e  - _  Longitude: 111'50'48" W. 

Dip Angle: 90" Perforat ions (Depth): 73-8 m t o  - 

Completed By: 10-2-79 75.9 m, 81.4 m t o  85.3 m 

- 

. - - - - - - 15 5 1 "C/km 
0 

Gradient : - . - - - .. - - 

- -  - - -  S i t e  Elevation: 1466.1 2 2.7 m Depth To Water: 44 m - -  - 

e - 

- Logged On,: 9-1 4-8 1 _ _ - _  _ -  - -  

Depth 
(m) 

T 
("C) 

To Depth 
(m> 

Litho logy  

11.61 0.9 top s o i l  

dry gravel  

c lay,  sand, gravel  

gravel ,  water 

s and 

sand and c lay  layers  

c lay,  sand 

blue clay 

gravel  

blue c lay  

gravel ,  i r o n  water 

c lay ,  sand, gravel 

gravel ,  iron water 

c lay ,  sand 

gravel ,  water 

clay,  gravel  

grzvel ,  water 

9 

11.87 4.9 19 

12.03 6.4 29 

39 12.30 7.6 

49 

59 

69 

79 

85 

13.1 

18.3 

12.65 33.5 

39.6 12.83 

42.7 

45.7 

12.85 

46.6 

54.3 

68.0 

73.8 

Q) 75.9 

81.4 

86.0 
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8 
. . --- 

. .. 
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Area: Cache Valley, Utah 

Locality:  (A-10-1) 23baa 
Well : M i l l v i l l e  CVG-4 

S i t e  Lati tude: 41°41'07.5" N. 

- S i t e  Longitude: 111°48'12" W. 

- - S i t e  - . - - 'Elevation: - - 1581.9 k 2.7 m 
90 " - -. Dip Angle: 

_ _  Co3pleted By: 4-29-77 

Lo sed- -On : 9- 14-8 1 

Depth 
(m) 
9 

19 

29 

39 

49 

59 

69 

79 

89 . 

99 

109 

119 

129 

139 

149 

15 9 

169 

T 
("C) 
12.83 

12.13 

12.00 

12.00 

12.05 

12.18 

12.30 

12.43 

12.57 

12.82 

13.03 

13.24 

13.43 

13.65 

13.96 

14.44 

14.63 

Depth Range (Grad. Calc.): 169-199m - -. 

Gradient: 40 k 1 "C/km . _ -  

Depth To Water: 199 m -. - - - _. 

Perforat ions (Depth) : 154.2 m to 

_ - -  225.6 m 

_ _  - - - - - - 

To Depth 
(m) 
0.9 

14.6 

16.2 

18.6 

19.8 

22.6 

32.9 

45.1 

51.5 

72.5 

76.2 

77.7 

88.4 

93.9 

98.5 

148.4 

156.4 

L i t  holo gy 

clay,  cobbles 

gravel ,  boulders 

c lay,  gravel 

dry gravel 

c lay,  gravel 

dry gravel 

c lay,  gravel 

c lay,  boulders 

clay,  gravel 

d r y  sand, gravel 

c lay,  sand 

c lay ,  gravel  

hard conglomerate 

c lay,  gravel  

hard conglomerate 

c lay,  gravel 

conglomerate, water 
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Area: cache Valley, Utah 

Locality:  (A-10-1) 23ba 
Well: M i l l v i l l e  CVG-4 (Continued) 

Sire - - - - - Latitude: - 

S i t e  Longitude: 

. -  .. - S i t e  Elevation: 

al, 

-. - . - - - - . . - - - . . 

Dip Angle: 

e Completed By: 
- Logged .- On: 

Depth T 

179 15.02 

Q (m) ("C) 

189 15.43 

e 

8 

Q 

199 15.83 

Depth Range (Grad. Calc.): . - . __ - - 

Depth To Water: - _  __ 

Perforat ions (Depth) : -- 

Gradient : - __ _- - - 

To Depth 
(m) 

180.1 

181.7 

184.1 

185.0 

185.9 

207.7 

224.9 

228.6 

Litho logy 

c lay ,  gravel 

conglomerate, water 

clay,  gravel ,  l i t t l e  
wamr 

conglomerate, water 

s t i c k y  c lay  

clay,  gravel ,  l i t t l e  
water 

conglomerate, water 

s t i c k y  c lay  
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e Area: Cache ValIey, U t a h  

Locality: (B-10-1) 13bca 

Well : M t .  S t e r l i n g  CVG-5 

S i t e  Latitude: 41"36'26" N. 9 
._ - _ - _  I S i t e  - -  - Longitude: lll"54'24" W. 

- . - - - - - S i t e  -- Elevation: 1466.1 2 2.7 m 

- -  Dip Angle: 90 " 
- 0 - -  Completed By: 2-75 

Logged On: 9-14-81 

9 10.27 

19 10.58 

e 29 10.86 

34 11.03 
. 

Depth Range ( G r a d .  Calc.) : 19-39 m 

Gradient : 29 2 2 oc/km - - .. __ - -- - 

Depth To Water: 5 m - - -. 

Perforat ions (Depth): 29.0 m t o  - - -  

47.9 m _ -  - 

To Depth Lithology 
(m) 

0.6 top s o i l ,  s i l t  

10.7 brownish red s i l t  

12.8 hard, white limestone 

32.0 l i g h t  brown clay, sand, 
grave 1 

43.9 hard, l i g h t  brown clay, 
sand, gravel  

47.9 brown s i l t  
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Area: Cache Valley, Utah __ - - - . - - ___ 
Locality: (A-9-1) loadd - _ _ .  - - - _- 

Well: Avon CVG6 - - - . - - - - _- - 

S i t e  Latitude: 41"32'00" N Depth Range (Grad. Calc.) : 19-39.m 8 
_-___ - 

- - _ ._  _ _ _  S i t e  Longitude: - lll"48'46" W .  Gradient : 32 5 4 O C / k m  - 

S i t e  Elevation: 1530.1 t 5 . 8  m Depth To Water: 6 m  - .. . . . __ - . -. - . - - - 

Dip Angle: 90" Perforations (Depth): 36.3.m to _ _  
. -. - . .- - - Q 

Completed By: 4-29-77 39.9 m - - - - __ - - - . 
Logged On: 9-1 4-8 1 ~. 

._ - _ -_  - _ _ _  
- _ _  - 

Q To Depth Lithology 
(m) 

9 10.74 1.5 top soil 

19 10.91 3.7 dry gravel 

29 11.36 7.3 clay, gravel 

39 11.58 7.9 sand, gravel 

41 11.64 9.8 clay, gravel 

18.0 gray clay,  sand 

gravel, water 19 .8  

22.9 clay, gravel 

36.3 blue clay 

40.0 gravel, water 

42.7 clay, gravel 
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Area: Cache Valley, Utah 

Locality:  (A-1 1-1) 3acd 

We 11 : River Heights CVG-7 

S i t e  Lat i tude:  41'43'24" N. . Depth Range (Grad. Calc.): 29-109 m 8 
- 

. S i t e  _ _  Longitude: - l l l"49'05" W. Gradient : is  o t herma1 - 

S i t e  Elevation: 1399.0 2 5.8 m Depth To Water: 15 m - - __ __ - 

Dip Angle: 90 O Perforat ions (Depth): 30.5 m t o  _ _ _ _  _- 
Completed By: 8-2 1-80 37.2 m, 42.7 m t o  54.3 m, - - . - - . - 

_ _ - -  - 

- - __ - - 

_ _  _ _ -  Q 
- - - - __ - - - - - 

- Logged __ On: 9-10-8 1 79.6 m t o  83.2 m, 93.0 m t o  - - - _ -  
98.5 m 

Depth T To Depth Lithology 

9 11.79 0.9 top soil 
(m) ("C) (m) 

0 

19 11.35 3.0 sand, grave l  

0 

Q 

8 

29 10.73 12.8 blue c lay  

39 10.75 15.2 sandy c lay  

49 10.74 17.4 blue clay 

59 10.67 23.2 s i l t y  c lay 

69 10.69 24.7 sand 

79 10.67 27.4 sandy c lay  

89 10.67 34.1 gravel ,  water 

99 10.75 35.1 clay,  gravel 

109 10.79 37.2 gravel, water 
8 

112 10.79 38.7 clay,  gravel  

39.6 sand, gravel  

54.3 gravels  water 

55.2 sandy c lay  

57.9 gravel ,  water 

58.8 sandy clay 



83 

a Area: Cache Valley, Utah 
_I 

Locality: (A-11-1) 3acd - - - _. - 

W e  11 : River H t s .  CVG-7 (Continued) - - - - - - __ . __ - - - - - 

S i t e  Lati tude: Depth Range (Grad. Calc.): . _ _  __- 

S i t e  Longitude: Gradient: - - - ___ - 

S i t e  Elevation: Depth To Water: _ _ _ _  - - 

Dip Angle: Perforat ions (Depth) : - -  

Completed By: _ _  - 

Logged On: - .  _ _  

- 0 

- -  _. _ _  - - - -  

- 

_ _  0 
- -  - 

_ _  - .  _ _  

Q 

Q 

To Depth Lithology 
(m) 

66.4 s i l t y  sand 

79.6 s t i c k y  clay 

83.2 gravel ,  water 

85.6 s i l t y  c lay 

89.0 c lay ,  gravel  

90.8 hard conglomerate 

93.0 s i l t y  c lay 

94.8 gravel ,  water 

96.0 brown c lay  

98.5 gravel, water 

105.2 gravel ,  c lay  
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.. 

- . _ _ _  Area: Cache Valley, Utah - - - - - - __ - 

Locality: (A-13-1) 35cdc - _ _  _ _ _  - - --  --- 

Well: Smithf i e l d  CVG-8 . - - - - - - __ - . - - - - - I 

E) 
S i t e  - _. - Latitude: 41O49'02.5" N. Depth Range (Grad. Calc.): 50-120 m - _ _ _  _I 
S i r e  - Longitude: lll"48'31" W. Gradient : 52 2 1 O C / k m  . 

- - - - __ S i t e  . -- Elevation: 1417.3 f 5.8 m Depth To Water: 40 m _ -  - 

- _ -  - _- Completed - By: 4-20-64 164.6 m . I- - 

0 Dip -- Angle: - 90 Perforat ions (Depth): 13.4 rn t o  _ _  

- Logged On: 9-9-8 1 

Q 

0 

0 

Depth 
(m) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

127 

T 
("0 

14.16 

12.87 

11.9 

12.06 

12.25 

12.72 

13.20 

13.71 

14.26 

14.82 

15.36 

15.88 

16.03 

To Depth Lithology 
. (d 

0.6 

0.9 

1.5 

7.3 

7.9 

13.7 

14.3 

56.4 

56.7 

87.5 

87.8 

108.2 

108.5 

167.6 

' top soil 

gray clay 

cemented gravel  

c lay,  s o f t  l i m e  

gravel 

brown c lay  

gravel ,  trace water 

gray lime 

gravel 

gray lime 

gravel  

gray lime 

sand 

gray l i m e ,  sha le  
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6 Area: Cache Valley, Utah __ . - . - - - - - - - _. - - . 

Locality: (A-12-1)27aaa - 

_ _  - - I __ -. - - W e l l :  Logan CVG-9 

S i t e  Latitude: 41'45 '23.5" Depth Range (Grad. Calc.) : 23.5-37.5 __ - @ 
rn -- - 

S i t e  Longitude: 111 "48'48" Gradient : 297 t 45 "C/km - 

S i t e  Elevation: 1408.2 ?: 5.8 m Depth To Water: 37 rn _ _  _.- - 

Dip Angle: 90 O Perforations (Depth) : 38.7 rn t o  _ _ _ _  - 

Completed By: 6-9-55 41.8 m __ _ -  

Logged On: 2-7-82 - _. - -- - 

- -  - - - - - - - 

. 

. -_ Q 
- _- . -  - 

_ -  - _ -  - 

Depth T To Depth Lithology 
(m) ("C) (m> Q 

8.5 21.36 34.7 clay 

13.5 24.19 41.8 gravel 

23.5 28.23 

33.5 30.73 

37 .5 32.54 
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e 

8 

.. __ 

(a 

Q 

e 

Area: Cache Valley, Utah 

Locality:  (A-13-1) 3adb 
W e l l :  Richmond CVG-10 

S i t e  Lati tude: 41'56'27.5'' N. 

S i t e  Longitude: lll"51'21'' W. 
S i t e  Elevation: 1385.3 2 1.4 m 

- 

- . - __ _. -- - - 

Dip Angle: 90 O 
_- 

Completed By: 8-13-79 - __ - 

Logged On: 9-11-81 
- .__ - - 

Depth T 
(m) ("C> 
9 10.03 

19 10.13 

29 10.33 

39 10.63 

49 10.93 

59 11.25 

69 11.61 

79 11.98 

89 12.36 

99 12.77 

109 13.20 

119 13.53 

- . . - . - - - __ - - - 

Depth Range (Grad. Calc.): 29-125 m I 

Gradient : 36 4 1 O C / k m  - - - . - - - 

Depth To Water: l m  _ _  
Perforat ions (Depth): 11.0 m t o  .. -- - 

- __ - - -- 16.2 m 

To Depth 

0.6 

3.0 

7.3 

11.0 

16.2 

36.0 

52.1 

102.4 

104.5 

111.3 

118.0 

143.6 

( 4  
Litho logy 

top  s o i l  

brown c lay ,  gravel  

l i g h t  brown clay 

gray clay 

gravel ,  w a t e r  

c lay,  gravel 

gray clay,  sand 

hard, gray clay 

S a n d  

hard, gray clay 

gray clay, sand 

hard, gray c l ay  

125 13.70 
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B) Area: Cache Valley, Utah 

Locality: (B-15-2) 32dda 

Well: Clarkston CVG-11 

S i t e  Latitude: 41"59' 32" N. Depth Range (Grad. Calc.): 49-149 m _ _ _  - 0 __ 
S i t e  Longitude: 112"05 '23" W. Gradient : 31 f 1 "C/lan __ . - - __ . 
S i t e  Elevation: 1588.0 f 5.8 m Depth To Water: 29 m - -  

Dip Angle: 90 O Perforations (Depth) : - -  

Logged On: 9-11-81 - _- -- 

- - . -- - - __  - - - 

- - - - - - _ _  - 

___  __ 
8 Completed By: 1980 _- - - - - - - __ . - - - - 

- - - - __ - - - -- - 

Q 

Q 

8 

Depth 
(m) 

9 

19 

29 

39 

49 

59 

69 

79 

89 

99 

109 

119 

129 

139 

149 

159 

169 

179 

T 
("C) 

9.52 

9.66 

9.70 

9.78 

9.89 

10.12 

10.38 

10 . 67 

10.97 

11.31 

11.60 

11.92 

12.27 

12.59 

12.99 

13.09 

13.09 

13.40 

To Depth Lithology 
(m) 
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6 
. . . . . . .. . . - - . . - 

Area: Cache Valley, Utah - - - - - - - __ - - 

Locality : (B-14-1) 28cdb - - __ -__ - - - 

Well: Trenton CVG-12 _ _  -. _I__ -- - 

Si te  Latitude: 41O55'12.5" N. Depth Range (Grad. Calc.):  19-39 m _ _ _ _ -  __ 
-.- - 

S i t e  Longitude: lll"57'56" W. Gradient : 36 ?: 1 " C / h  - -- - - - - - __ 
Si te  Elevation: 1392.9 ?: 2.7 m Depth To Water: 10 m ~- 

Completed By: 12-6-79 35.1 m - -  

Logged On: 9-9-81 - -. 

- __ - - __ . - - - 

Dip Angle: 90 Perforations (Depth) : 30.5 m to - - 
.- 

- 

_ -  

9 12.52 

19 14.78 

29 15.15 

39 15.50 

49 15.71 

54 15.71 

To Depth Lithology 
(m> 

0.9 top s o i l  

7.0 clay, gravel 

9.4 brown sandstone 

19.5 blue limestone . 

65.5 fractured limestone, 
water 

8 

6 
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Appendix I11 

Well and Spring Data 

8 

89 

8 
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Appendix 111 

Well and Spring Data 

8 

B) 

This appendix includes the d e t a i l s  about each w e l l  and spring. 

The loca t ion  is  described f i r s t  by l a t i t u d e  and longitude, followed 

by the cadas t r a l  coordlnates described i n  Appendix I. "Number" 

refers t o  the  author 's  numbering system. 

Under "Source," W = w e l l  and S = spring. 

"Reference" ind ica tes  what agency d id  the chemical analysis .  

ESL stands f o r  Earth Science Laboratory, S a l t  Lake City,  Utah. All 

other  analyses were performed by the author. 
- 

Alkal in i ty  i s  expressed as mg/l HC03 . This value has been 

adjusted f o r  the  pH a t  each locat ion.  

C1- and F- were measured as a c t i v i t i e s ,  which is approximately 

equal t o  their concentrations. 

Where blanks occur, the d a t a  w e r e  not collected or  w e r e  not 

avai lable .  
e 



91 

Q
 

8
 

Q
 



.! 
Q 

I - 
'I 

- 
.I 

I 

I 

1. 

1.1 

b 

0. 

1 

b 

4 

4 

b 

1 

2 

1 

- 

- 

:II 11 

I 8  

7 

44 

I4  

b 

IO 

I 

I 4  

9 

20 

I O  

3 

8 

- 

_- 
L*I.YS 

1; $0.- 

lb 15 

I7 21 

Lb b 

78 4 

84 48 

9b 2 

191 I O  

lb8 I 

101 4 

121 I 

I O 1  I 

1 2 1  1 

247 2 

244 I 

217 1 

in I 

--"c 

- 
IC or 
I W L C  

2 b 4 1  

- 

Zb-11 

2b-81 

, 1 4 4 1  

46-11 

-as41  

- l-bl 

-16-01 

-1b-II 

-16-01 

,- 1-11 

I- I b-1 I 

i- 1-81 

i- 1-1 

6- 1-8 

8-24- 

7-2a-0 

- 

- 
E! 

- 
I 

1 

8 

I4 

I8 

9 

6 1  

40 

4 

16 

18 

1: 

2: 

I 

1 

L! 
1 

- 
4 

1 

9 

5 

I7 

11 

II 

I 1  

11 

2 

2 

I 

1 

1 

1 

I 

-- - masow 
* M U S  

I 2b I  

- -- 

1 211 

4 17b 

4 174 

, 3  394 

.z 111 

.I 104 

.I 191 

. I  292 

.l 198 

. I  102 

1.2 254 

1.a 118 

1.1 zsa 

Y.2 251 

0.1  221 

0 . 2  21< 

I t  

I 

I 

1 -84 

I 

1 

4 -18 

4 

9 

I 

. I  ( 4  

.5 

. I  1 6  

.2  +I 

.I 

.I +I! 

.? * 

-_ 

0 

.8 

.5 

1.a 

1.b 

I. I 

1.1 

1.1 

1.1 

D.' 

0 .  

0. 

0 .  

0 .  

0 .  

- 

11.4 

12.4 

10.8 

W.4 

w 14.3 

W 16.b 

w 19.9 

W lb.2 

W Ib.4 

W 11.1 

w 11. 

w I). 

w 14. 

1125 E .  1250 N., N. Log.. 

14SO N. 400 W., u l d d o n  

i ! !  ! 



a 
93 

. 

.
 
.. .

.
 

-
-

 

.. 
.
 

.
 .. 

8
 

a
-

 

i
 

i 



94 

_
- 

~ 
-
.
 . 

c
-
 

.. 

0 Q
 i ! ! 



95 

Q
 

Q
 

e 8
 -
 

6
 



QD 0 
I 

* 

I 

- 
CI' 

- - 
# # O W 1  
)or*l 

400 

41a 

1060 

1086 

401 

I374 

1298 

4466 

1122 

I024 

- 
CON( 
.M., - 

I S M  

SOB 

I650 

1550 

440 

L520 

IS80 

B500 

I170 

I260 

- 
Pn 

1.1 

- 

7.t 

7. i  

1.1 

1.1 

1.1 

i.9 

1.3 

1.0 

t.8 

- 
.I 

K *  

4 

- 

8 

5 

4 

5 

I8 

11 

10 

I8 

7 

I 

5 s  
C.*' - 

48 

67 . .  

130 

110 

8s 

130 

140 

130 

130 

110 

- 
No* 

04 

- 
as 

110 

9s 

19 

I60 

180 

so0 

I30  

IS0 

- 
r w  

'C 

18.0 

- 
12.1 

10.0 

17.6 

10.0 

11.2 

12.6 

10.1 

10.1 

11.6 

I 

I 8  - 
0.0 

0.6 

0.3 

2.2 

0.1 

0. I 

0.  I 

0.2 

D. I 

D. 1 

RCYARU8 

I 8  

4a 

440 

47s 

as 

3 I9 

a72 

2400 

210 

184 

1.46'16'' N. 

1' 58.42- N. t (8-14-1)4ccb-I 

112*00'45' W. 
@-13-2b24adb-I 

1 11'58'21' W. 
w-34 

uls depoalli 1*54'52" N. 

41'55'02' N. 

18-14 - 1 ) 3 S s b b ~ I  
111*55'27' W. 'rvln Merrlll I 

I' 57'00' N. ;w-33 
111'57'57' W. talph PUdur 

I 
I 

I 



I 
1 

Q 

Appendix I V .  
Plates 1 and 2 
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EXPLANATION 

U 
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Fault 

- - - - - . . . . . . . . 

Dashed where inferred or approximately 

located; dotted where concealed: 

U, upthrown ride; D, downthrown side 
- -. 

A 
Anticline 

TEMPERATURES IN DEGREES CELSIUq 

CVV numbers refer to the author's numbering 

system for sample locations; ihose locations without 
numbers have temperatures gathered by the 
Utah Geological and Mineral Survey 11980) 

0 THERMAL GRADIENT WELLS 

with XOClkm equal t o  thermal gradisnt 

- - -  0 1 ? 3 4 5 K M  Base map from Williams (1962). Utah Dept of Transportatlon (1975) 

Map of Sample Locations, Groundwater Temperatures, Thermal 
Gradients, and Major Faults, Cache Valley, Utah 
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EXPLANATION 
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on chemistry of groundwater 

Group A 

A Group B 

Group C 

0 Water doer not fit into a g!oup 

Numbers at each location are F(TI values 

FIT1 > 200  Geothermal anomaly is not indicated 
by Na-KXa geodremical technique 

F(T) < 2.00 Geothermal anomaly is indicated 
by Na-K-Ca geochemical technique 

f 

1 .  . . o  -2- 
3 MILES 

- - -  Base map from Williams (1962); Utah Dept. of Transportation (19751 0 1 2 3 4 5 K M  

Map of Groundwater Chemistry Groups and F(T) Values, Cache Valley, Utah 
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