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ABSTRACT 

Geothermal exp lo ra t i on  i n  the  Lake E ls inore  
area has p r i m a r i l y  focused near a cross f a u l t  
which ac ts  as a condui t  f o r  thermal water. Flow 
t e s t i n g  o f  an exp lo ra to ry  hole ind ica tes  an an i -  
so t rop i c  aqu i fe r  w i t h  a maximum t r a n s m i s s i v i t y  
a x i s  o r i en ted  along t h e  f a u l t  s t r i k i n g  N 11" E. 
Thermal water migrates l a t e r a l  l y  throughout the  
downtown area along a zone of enhanced 
t r a n s m i s s i v i t y  associated w i t h  the  f a u l t .  
Thermal water i s  lower i n  t o t a l  d issolved 
so l i ds ,  depleted i n  Ca and Mg and enriched i n  
Si02 and F as compared t o  non-thermal water. 
The d i f f e rence  i n  chemistry was used t o  develop 
a c r i t e r i o n  f o r  se lec t i ng  f u t u r e  exp lo ra t i on  
t a r g e t s  based OF- f l ow  temperature > 25"C, 
f l u o r i d e  > 1.2 mg/l and s i l i c a  geotemperature 
> 90°C. A conceptual model i n  which deep 
c i r c u l a t i o n  o f  l o c a l  meteor ic water i s  proposed. 
Water der ived  from the  Santa Ana Mountains 
descends t o  a depth o f  2-2.5 km along major 
f a u l t s  border ing E ls ino re  Trough. As the  water 
descends, i t  i s  heated t o  a temperature o f  90°C 
and then ascends along a f r a c t u r e  zone near 
t h e  i n t e r s e c t i o n  o f  t he  Glen I v y  North and cross 
f a u l t s .  

INTRODUCTION 

Geothermal exp lo ra t i on  near Lake E l  s i no re  
began i n  1983 (Juncal e t  al., 1984). I n  1985, 
th ree  exp lo ra to ry  holes were d r i l l e d ;  one o f  
which was completed as a product ion we l l  t o  
supply 50°C water t o  a r e t r o f i t t e d  city-owned 
bu i l d ing .  This repo r t  summarizes i n te rp re ta -  
t i o n s  o f  data co l l ec ted  from temperature 
loggings i n  e x i s t i n g  we l l s  and new exp lo ra to ry  
holes, and f l ow  t e s t i n g  o f  one exp lo ra to ry  hole. 
I n  add i t ion ,  a geochemical exp lo ra t i on  c r i t e r i o n  
and a conceptual model a re  proposed. 

REGIONAL SETTING 

The study area occupies approximately 110 
km?- and i s  loca ted  about 100 km southeast o f  Los 
Angeles (Figure 1). Wi th in  the  area, the  
E ls ino re  Trough l i e s  between the  Santa Ana 
Mountain and Per r i s  t ec ton i c  blocks. E ls inore  
Val l e y  represents the  northwest surface 
expression o f  the  trough. Topographic re1 i e f  
va r ies  between 373 m i n  t he  v a l l e y  t o  1,736 m i n  
t h e  mountains. 
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Figure 1. 

Geology 

Locat ion map o f  Lake E ls ino re  area. 

Metasediments, metavolcanics and p l u t o n i c s  
o f  Jurass ic  t o  Cretaceous age c o n s t i t u t e  the  
basement complex. These rocks form the  Santa 
Ana Mountains, under l i e  t h e  t rough and de f i ne  
t h e  nor theas t  border o f  t h e  trough. 
veneer ( <  10 m) o f  a l luv ium o v e r l i e s  t h e  base- 
ment complex w i t h i n  the  downtown area. 

A t h i n  

Over ly ing  po r t i ons  of the  basement complex 
along t h e  western margin o f  t he  t rough are  a l l u -  
v i a l  fan  deposi ts o f  Pleistocene t o  recent  age 
(Weber, 1977). Within the  t rough are 
l acus t r i ne ,  f l o o d p l a i n  and v a l l e y  f i l l  depos i ts  
of  l a t e  Miocene and younger ages. 
maximum thickness o f  these a l l u v i a l  depos i ts  i s  
about 700 m (Harding-Lawson Associates, 1980). 

The est imated 

S t ruc tu re  

The E ls inore  f a u l t  zone represents a major 
branch of t he  San Andreas f a u l t  system i n  
southern Cal i forn ia .  It domi nates the  s t ruc -  
t u r a l  fea tures  i n  the  study area. Near Lake 
E ls inore ,  t h e  zone i s  composed o f  several 
f au l t s .  The Glen I v y  North f a u l t  de l ineates  the  
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nor theast  boundary o f  t he  Els inore t rough (see 
F igure 4) , character ized by r ight -ob1 ique move- 
ment w i t h  t h e  southwest s ide down r e l a t i v e  t o  
the  nor theast  (Weber, 1977). The Wildomar and 
W i  11 a rd  f a u l t s  del  ineate the southwest boundary 
o f  t h e  trough. The former has a near v e r t i c a l  
f a u l t  plane w i t h  > 4.8 km o f  r i g h t - l a t e r a l  
d i  sp l  acement (Kennedy , 1977) . The 1 a t t e r  i s  
character ized by a high angle normal f a u l t  
plane, d ipp ing t o  the  east (Engel , 1959). - 

- 

- 

- 

- 

Other impor tant  f a u l t s  border ing the  t rough 
inc lude  t h e  North Els inore f a u l t  and a cross 
f a u l t .  The North Els inore has been t raced from 
sur face ruptures formed i n  response t o  t h e  1918 
San Jac i  n to  earthquake (Engel , 1959) . 
displacement i s  p r i m a r i l y  s t r i k e - s l i p  along a 
near v e r t i c a l  f a u l t  plane. The cross f a u l t  bet -  
ween t h e  North Els inore and Glen Ivy North 
f a u l t s  was f i r s t  hypothesized by Juncal (1984) 
and conf i rmed i n  t h i s  study. 

Faul t  

Wi th in  t h e  trough, the f a u l t  s t r u c t u r e  i s  
complex. Ford and Mido (1981) suggest t he  pre- 
sence of e i g h t  en echelon f a u l t  b locks whose 
c h a r a c t e r i s t i c s  are poor ly  known. 

EXPLORATION 

Downtown Lake Els inore 

Geothermal exp lo ra t i on  was conducted i n  the 
downtown area. Due t o  a high l e v e l  o f  c u l t u r a l  
a c t i v i t y ,  surface geophysical methods have not 
been employed i n  t h i s  area. Most o f  our e f f o r t  
was concentrated on exploratory  d r i  11 i ng , tem- 
perature loggings and f l ow  tes t i ng .  

F igure 2 dep ic t s  the temperature p r o f i l e s  
f o r  t h ree  exp lo ra to ry  holes. 
l oca ted  near t h e  southwestern end o f  t h e  cross 
f a u l t ,  encountered d i o r i t i c  basement a t  10 m 
depth. 
measured a t  a depth o f  148 m. Hole GW #3, 
located near t h e  northwestern end o f  t he  cross 
f a u l t ,  was d r i l l e d  i n t o  metasediments and meta- 
volcanics.  A maximum temperature o f  29.4OC was 
measured a t  a depth o f  183 m. Hole GW #2 was 
d r i l l e d  i n t o  a f r a c t u r e  zone i n  the  d i o r i t i c  
basement. The we1 1 i s  213 m deep, cased t o  146 
m and pe r fo ra ted  from 79 t o  140 m. A maximum 
temperature of 50°C was measured i n  t h i s  hole. 

Hole GW #1, 

A bottom hole temperature o f  40°C was 

Two f l ow  t e s t s  were conducted on GW #2 t o  
determine hyd rau l i c  proper t ies of t he  thermal 
aqui fer .  Test #2 l as ted  fo r  about 95 hours. A 
f l o w  r a t e  of 2,840 l /min as determined from a 
f l o w  meter on t h e  wel l  head was maintained 
throughout t h e  tes t .  Well head temperatures 
dec l ined s l i y h t l y  dur iny the t e s t  from 49.3OC d t  
t h e  beginning t o  48.7OC a t  t h e  end. 
dep ic t s  the  ef fects  of anisotropy on the  
drawdown d i s t r i b u t i o n  around t h e  pumped wel l  as 
deduced from 8 observat ion wells. The i so -  
drawdown contours are e l l i p s e s  w i t h  t h e i r  major 
axes a l i gned  i n  t h e  d i r e c t i o n  of greatest  
t ransmiss i v i t y .  Based on a two-dimensional f l ow  

Figure 3 

TEMPERATURE (C) 
20 24 28 32 36 4 0  44 48 52 

1 1 1 I 1 1 
a .  .. ! 

Figure 2. 

e '  
2.10 

. I -. 

':GW # I 

NORMAL GEOTHERMAL 
GRADIENT CURVE 
(30 C/km) 

Temperature p r o f i l e s  f o r  exploratory  
holes (see Figure 4 fo r  locat ions) .  

ISO-DRAWDOWN CONTOURS AFTER 
90 HOURS OF PUMPING 

0 

- - - --=/---'-- OF MAXIMUM ____ -------- __. D R W  -------- LA 

Figure 3. Iso-Drawdown contours dur ing flow t e s t  
of GW #2. . 
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model f o r  a homogeneous an iso t rop i c  aqu i fe r  
(Papadopulos, 1967 t h e  p r i n c i p a l  t ransmiss i v i -  
t i e s  a re  2.3 x 10-2srn2/s (N 11" E) and 5.4 x 
10-4 m2/s (N 79" W) ( a t  a p r e v a i l i n g  temperature 
o f  49°C). 
f r ac tu res  a re  not known, they  are  by no means 
ho r i zon ta l  . Thus, t h e  determinat ions should be 
regarded as apparent values. 

Although t h e  o r ien ta t i ons  o f  t he  

The o r i g i n  o f  t h e  cross f a u l t  i s  a t t r i b u t e d  
t o  a " tea r "  between two p r i m a r i l y  r i g h t - 1  a t e r a l  
f a u l t s :  t he  Glen I v y  North and North E ls inore  
fau l t s .  For two predominately r i gh t -1  a t e r a l  
f a u l t s  t rend ing  i n  approximately the  same d i  rec- 
t i o n ,  d i f f e r e n t i a l  displacement between the  
f a u l t s  may r e s u l t  i n  a h igh  angle v e r t i c a l  f rac -  
t u r e  which i n t e r s e c t s  t h e  wrench ax is  a t  an 
angle between 70 and 90" ( W i  l cox  e t  a1 . , 1973). 
Assuming the  two f a u l t s  a re  o r ien ted  between N 
60" W and N 30' W i n  t h i s  v i c i n i t y ,  t he  q u a l i t a -  
t i v e  assessment i s  cons i s ten t  w i t h  the  calcu- 
1 a ted  d i  r e c t  i o n  o f  maximum transmi ss i  v i  ty. 

I n t e r p r e t a t i o n s  o f  temperature data f o r  
w e l l s  loca ted  i n  t h e  downtown area (data not 
shown) are a l s o  cons is ten t  w i t h  the  idea o f  a 
c ross  f a u l t .  Wells l oca ted  near the  zone o f  
maximum t r a n s m i s s i v i t y  have the  highest measured 
temperatures and observed temperature gradients.  
Based on t h e  ex ten t  o f  we l l s  a f fec ted  by f l ow  
t e s t i n g  and t h e  l o c a t i o n  o f  o ther  known thermal 
we l l s ,  t h e  f r a c t u r e  zone has a w id th  between 0.3 
and 0.5 km. Within t h e  zone, the  geometric mean 
s t o r a t i v i t y  i s  about 1.4 x 10-3. 

E l  s i  nore Val 1 ey 

Over 360 water analyses from 61 we l l s  were 
compiled t o  examine t rends  i n  geochemistry and 
c l a s s i f y  thermal and non-thermal waters. S t i f f  
diagrams (F igure  4) were constructed t o  f a c i l i -  
t a t e  r a p i d  comparison o f  analyses. Table 1 de- 
p i c t s  several chemical analyses f o r  thermal and 
non-thermal waters. 

WARM SPRINGS VALLEY 

r 

PERRIS TECTONIC 

+ P  
6 

Figure  4. S t i f f  diagrams f o r  waters near Lake 
E l  s i  nore. 

TABLE 1. CHEMICAL ANALYSES 

SAMPLE 65/4W-1931 65/5W-l4Al GW#2 . 

Well Depth (m) 35 
Measured Temp. ("C)  20 

TD S 408 
Na 54 
K 2 
Ca 49 
Mg 22 
Si O 2  37 
co 0.0 
HC% 231 

45 
60 

so4 
c1 
F 0.6 

PH 7.4 

s h a l l  ow 
20 
8.1 

316 
31 

49 
11 

0.6 

-- 
0.0 

163 
40 
29 

0.5 

145 
48.1 

9.4 
359 

92 
7.8 
0.0 
0 0'0 

85 
66 
43 
41 
64 
4.6 

concent ra t ions  i n  mg/l 

Several d i s t i n c t  geochemical t rends are  
observed. Groundwater i n  the  Lucerne area i s  
calc ium s u l f a t e  (CaS04) and calc ium bicarbonate 
Ca(HC03)2-rich. Groundwater a t  t he  base o f  the  
Santa Ana Mountains i s  Ca(HC03)z-rich. A 
d i s t i n c t  change i n  water chemistry i s  observed 
south of t he  North E ls ino re  f a u l t  where known 
thermal water occurs. I n  general, t he  thermal 
water i s  lower i n  t o t a l  d isso lved so l i ds ,  
depleted i n  Ca and Mg and enr iched i n  Si02 and F 
wi th respect t o  non-thermal water. The North 
E ls ino re  f a u l t  may a c t  as an e f f e c t i v e  ground- 
water b a r r i e r  thus, d e f i n i n g  the  nor thern  ex ten t  
o f  thermal water i n  t h i s  area. 

Using geochemistry, a c r i t e r i o n  was deve- 
loped f o r  s e l e c t i n g  f u t u r e  exp lo ra t i on  ta rge ts .  
The method i s  based a f t e r  Swanberg and Alexander 
(1978). The general approach i n  es tab l  i s h i n g  
t h e  c r i t e r i o n  i s  t o  prepare histograms o f  
var ious  geothermal i n d i c a t o r s  from which the  

4 0  
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AVERAGE 22.3 C 

SAMPLES 43(9 )  

3 2 0  

5 IO 

S I  

- 
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= o  

AV€RAGGE 0.6 m q l l  
MEDIAN 0.5 mg/I 
DEVIATION 0.7 mg/l  
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Figure  5. Histograms o f  f l ow  temperature, 
f l u o r i d e  concent ra t ion  and s i l i c a  
geotemperature. The shaded po r t i ons  
represent thermal waters which are  
no t  included i n  the  c a l c u l a t i o n  o f  
means and standard deviat ions.  
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mean ( o r  median) and standard dev ia t i on  a re  
calculated. For an i n d i c a t o r  which has a normal 
d i s t r i b u t i o n ,  a water which p l o t s  beyond one 
standard dev ia t i on  i s  considered anomalous. 
F igu re  5 dep ic t s  the three i n d i c a t o r s  used fo r  
waters i n  the  v i c i n i t y  o f  Lake Elsinore. 

F1 ow Temperature 

Flow temperature i s  an obvious geothermal 
i nd i ca to r .  However, i n t e r p r e t a t i o n  is compl i -  
cated by i n s u f f i c i e n t  wel l  completion data. 
Thus, it i s  not always poss ib le  t o  d i s t i n g u i s h  
between thermal water and non-thermal water 
which has been sampled from a deeper we l l  i n  a 
normal geothermal gradient area. Using t h e  one- 
d e v i a t i o n  condi t ion,  f low temperatures greater  
than 25°C are considered anomalous as compared 
t o  a mean ground temperature o f  1 7 O C .  A l l  known 
thermal waters ( 9  samples) are anomal ous. 

F1 uo r ide  

F luo r ide  i s  concentrated i n  thermal water 
and i s  used as a geothermal i nd i ca to r .  The 
corresponding histograin i s  skewed t o  t h e  r i g h t .  
However, excl i id ing known thermal waters r e s u l t s  
i n  a normal frequency d i s t r i b u t i o n .  Because low 
concentrat ions are involved, one standard 
d e v i a t i o n  frotn the  median value was used. Using 
t h e  one-deviat ion condi t ion,  f l u o r i d e  con- 
cen t ra t i ons  i n  excess of 1.2 mg/l are considered 
anomalous. A l l  but  two known thermal waters are 
anomalous. 

S i  1 i c a  Geotemperature 

The histogram f o r  s i l i c a  geotemperatures 
y i e l d s  a c u t o f f  temperature o f  90°C. 
seven known thermal waters are anomalous. 

F i v e  o f  

A water which i s  anomalous f o r  two o r  more 
i n d i c a t o r s  i s  considered p o t e n t i a l  thermal water 
and suggests an area warrant ing f u r t h e r  explora- 
t i o n .  A l l  known thermal waters pass the  c r i -  
t e r i on .  

A CONCEPTUAL MODEL 

The thermal anomaly near Lake E ls ino re  can 
be character ized by a low temperature geothermal 
convect ion system d r i ven  by deep c i r c u l a t i o n  o f  
meteor ic water. Recharge water i n  t h e  Santa Ana 
Mountains i s  heated as i t  descends along f a u l t s  
border ing E ls ino re  Trough. A f t e r  heat ing,  the 
water ascends by f r e e  convect ion due t o  dens i t y  
d i f ferences and by forced convect ion due t o  a 
reg ional  hyd rau l i c  gradient.  The thermal water 
r i s e s  t o  shal low depths v i a  deep f r a c t u r e s  along 
t h e  nor theast  maryin o f  E ls inore Trough. Near 
sur face upflow i s  l o c a l i z e d  along a zone o f  
enhanced t r a n s m i s s i v i t y  near the  i n t e r s e c t i o n  o f  
t h e  Glen I v y  North and cross fau l t s .  Some 
leakage of thermal water occurs across t h e  Glen 
Ivy North f a u l t  i n t o  permeable format ions w i t h i n  
E ls ino re  Valley. 

SiOl geothermometry appl ied t o  known thermal 
waters (data not shown) y i e l d s  a p o t e n t i a l  
rese rvo i r  temperature of 90°C. Assuming an 
average groundwater temperature o f  22°C and a 
normal geothermal gradient  of 3O0C/km r e s u l t s  i n  
a c i r c u l a t i o n  depth of 2.3 km. Thus, t he  model 
requi res t h a t  f r a c t u r e s  w i t h i n  Els inore Trough 
extend t o  a t  l e a s t  t h i s  depth. This c o n d i t i o n  
is reasonable consider ing microseismic a c t i v i t y  
extends t o  a depth o f  5 km (Langenkamp and 
Combs, 1974) . 

Higher Si02 and F concentrat ions i n  thermal 
water are a t t r i b u t e d  t o  elevated temperatures 
and c i r c u l a t i o n  through the  basement complex. 
A poss ib le  explanat ion t o  account fo r  t he  deple- 
t i o n  o f  Ca and Mg ions i s  t h a t  as descending 
recharge water i s  heated, t h e  ions are depleted 
by the p r e c i p i t a t i o n  o f  carbonates. The s l i g h t  
increase i n  Na does not o f f s e t  the dep le t i on  of 
Ca and Mg r e s u l t i n g  i n  s l i g h t l y  lower t o t a l  
d isso lved sol  i d s  f o r  thermal water as compared 
t o  recharge water. However, loss of COz a t  t he  
sampling s i t e  may have an appreciable e f f e c t  on 
the  chemical analyses f o r  thermal water. I n  
p a r t i c u l a r ,  pH and Ca, Mg, C03 and 
HC03 concentrat ions may be s i g n i f i c a n t l y  
affected. Thus, cau t ion  must be exercised i n  
i n t e r p r e t i n g  thermal water analyses. 
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