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ABSTRACT 

MacFarlane's Hot Spring is located on the  
e a s t e r n  margin of the  Black Rock Desert of 
northwest Nevada . Detailed temperature logs 
from th i r ty-e ight  shallow boreholes (500 f e e t )  
and s i x  in te rmedia te  depth boreholes (1500-2000 
f e e t )  have been used to  cons t ruc t  a temperature 
g r a d i e n t  contour map covering approximately 144 
square  miles, both wl th in  and adjacent  t o  the  
geothermal area. These temperature grad ien ts  
were then continued downward thr0ugh.a d e t a i l e d  
conduct iv i ty  model to  complete the  three- 
dimensional thermal p ic ture .  The p r i n c i p a l  
r e s u l t s  are as follows: (1) The m a x i m u m  
measured temperature is  178'F a t  2,000 f e e t ,  and 
t h e  m a x i m u m  projected temperatures at  g r e a t e r  
depths  are not l i k e l y  t o  exceed the 250-350°F 
range. ( 2 )  The area of hydrothermal a c t i v i t y  is 
confined t o  the western f r o n t  of a s t r u c t u r a l  
platform bounded by two roughly parallel normal 
f a u l t s .  (3)  The anomaly is  bes t  explained i n  
terms of a simple groundwater flow model. The 
groundwater flows west through the  s t r u c t u r a l  
platform and ascends when i t  i n t e r s e c t s  t h e  con- 
d u i t  provided by the  f a u l t .  The f a u l t s  on the  
e a s t e r n  s i d e  of the  platform permit recharge to  
t h e  system. 

INTRODUCTION 

The MacFarlane's Hot Spring geothermal 
prospect  is  located i n  the  basin and range pro- 
v ince  i n  Northwest Nevada (Figure 1). It is  
w i t h i n  t h e  "Battle Mountain High" h e a t  flow pro- 
v ince  of Sass  e t  al (1981) and is located about 
s i x t y  miles west of Winnemucca and twenty mlles 
east of the  Double Hot Springs KGRA. The 
geology of the  area is t y p i c a l  of t h a t  found 
throughout the  Basin and Range and has been 
descr ibed i n  d e t a i l  by S i b b e t t  e t  a1 (1982). To 
summarize, t h e  s tudy area l ies on an a l l u v i a l  
f a n  to  t h e  west of the  Jackson Mountains (Figure 
1). These mountains are l i t h o l o g i c a l l y  charac- 
t e r i z e d  by Permian volcanics  ( t h e  Happy Creek 
Volcanic series) which are o v e r l a i n  by sedimen- ,. 
t a r y  and volcanic  rocks of Triassic and J u r a s s i c  
age. A single, major t h r u s t  shee t  containing 
Cretaceous and younger rocks o v e r l i e s  t h i s  
Mesozoic sequence. Several high-angle, normal 
f a u l t s  are present  i n  the  area and juxtapose 
formations of cont ras t ing  l ighology and age. 

Figure 1. Location of MacFarlane's Hot Spring 
geothermal prospect ,  Nevada. Map o r i g i n  is  a t  
41' N. Lat.  and 118' 45' W. Long. The shaded 
area i n  the  i n s e t  i s  t h e  B a t t l e  Mountain high 
h e a t  flow province. 

The fan,  which inc ludes  most of t h e  s tudy  area, 
i s  canposed of Quaternary a l l u v i a l  deposi ts .  
Two long,  normal f a u l t s  c r o s s  t h e  s tudy  area i n  
a nor theas t  t o  southwest d i r e c t i o n  and d e f i n e  
t h e  s t r u c t u r a l  platform mentioned above. 
Between these  two f a u l t s ,  an inse lberg  of 
T e r t i a r y  b a s a l t  is exposed (Figure 2). 

DATA PREPARATION 

The technique of downward c o n t i m a t i o n  as  
appl ied  t o  temperature g r a d i e n t  d a t a  h a s  been 
descr ibed by Brot t  e t  a1 (1981). The e s t l m a t i o n  
of subsurface temperatures  by t h i s  technique 
r e q u i r e s  two bas ic  sets of information. The 
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Figure 2. Low-order polynomial f i t  ( t rend 
sur face)  t o  temperature g r a d i e n t s  ('F/100'). 
Also shown are sur face  f a u l t s  ( s o l i d  l i n e s )  and 
subsurface extension of these f a u l t s  (dashed 
l i n e s ) .  

f i r s t  is a set of near-surface temperature and 
thermal grad ien t  da ta  corrected to  a common 
datum and contoured Over the  region of i n t e r e s t .  
The second set of information is a three- 
dimensional thermal conduct ivi ty  model 
underlying the  prospect area. The former d a t a  
set is based on temperatures measured i n  shallow 
boreholes  and, f o r  the  present  study, corrected 
f o r  topographic e f f e c t s .  The conduct ivi ty  model 
is based on labora tory  measurements of well cut- 
tings and information about t h e  l i t h o l o g y  and 
s t r u c t u r e  of the  region. 

The loca t ions  of the  forty-four boreholes 
used i n  t h i s  a n a l y s i s  are shown i n  Figure 1. 
Two shallow boreholes (3411 and 3450) were not 
included i n  the  a n a l y s i s  because the  tem- 
p e r a t u r e s  were c l e a r l y  d is turbed  by groundwater 
movement and provide no r e l i a b l e  estimate of 
reg iona l  heat  flow (see Figure 3). The sur face  
temperatures and gradien ts  were taken as t h e  
midpoint of the  deepest zone which exhibi ted 
clear evidence of conductive hea t  flow. In  
a d d i t i o n  to  the  sur face  temperatures and gra- 
d i e n t s  which were taken from the  ind iv idua l  w l l  
l o g s ,  background values were assigned to  repre- 
s e n t  those areas which =re outs ide  the  d a t a  set 
y e t  within the  perimeter of the  gr id  model. 
Proceeding clockwise from the gr id  l o c a t i o n  
(Figure l), t h e  assigned corner  g r a d i e n t s  are 
3.7, 4.6, 4.4, and 4.4'F/10OV, and the  assigned 
temperatures are 58.5,  64.1, 87.3 and 65.4'F. 

A l l  of the  d a t a  from the MacFarlane's Hot 
Spring prospect have been corrected f o r  
topographic e f f e c t s  out t o  a d i s t a n c e  of 1.25 
miles o r  roughly t e n  times the  average hole 
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Figure 3. Composite diagram showing temperature 
measured i n  t h e  boreholes used i n  t h e  ana lys i s .  
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Figure 4. Temperatures continued downward to  a 
depth  of 3696 f e e t ,  t h e  m a x i m u m  depth f o r  s t a b l e  
cont inua t ion .  Also shown are the  sur face  f a u l t s  
( s o l i d  l i n e s )  and subsurface extension of these  
f a u l t s  (dashed l i n e s )  . 

depth. A l a p s e  rate of -0.44"F/100' (-8.OO0C/km) 
was used i n  t h e  c a l c u l a t i o n s .  This  lapse  rate, 
which descr ibes  the  l i n e a r  decrease i n  sur face  
temperature  with increasing e l e v a t i o n  e leva t ion ,  
was obtained by a least-squares  approximation t o  
t h e  e leva t ions  ( w e l l  c o l l a r )  and sur face  tem- 
p e r a t u r e s  (ex t rapola ted  from the  temperature- 
depth  d a t a )  of t h e  forty-four boreholes used i n  
t h i s  ana lys i s .  The topographic e f f e c t s  are 
s m a l l .  The mean c o r r e c t i o n  is  0.19 5 0.61% w i t h  
a range of -0.87 t o  2.33%. 
average means t h a t  the  boreholes are evenly 
d i s t r i b u t e d  throughout t h e  topography. 

The near-zero 

The conduct ivi ty  values  are genera l ly  
ass igned i n  such a way as t o  match t h e  known 
geology as c l o s e l y  as possb i le  while s t i l l  main- 
t a i n i n g  a r e l a t i v e l y  simple model- In  t h e  pre- 
s e n t  case, however, a l l  of the  rock u n i t s  
encountered i n  the  boreholes, including T e r t i a r y  
b a s a l t 8  as well as Quaternary alluvium, have 
v e r y  n e a r l y  t h e  same thermal conduct ivi ty  (3.75 
mcal/cm-sec-"C) . This conclusion is  based on 
almost 200 i n d i v i d u a l  conduct ivi ty  values  
obtained using s tandard,  divided bar techniques 
and w e l l  c u t t i n g s  from the boreholes. No 
a t tempt ,  t h e r e f o r e ,  was made to  vary the  conduc- 
t i v i t y  i n  the  lateral d i r e c t i o n .  The conduc- 
t i v i t y  values  were varied with depth, however, 
due to  the  progressive decrease i n  poros i ty  
r e s u l t i n g  from overburden pressure.  The conduc- 
t i v i t y  values  have been sys t e m a t i c a l l y  var ied 
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from 3.75 mcal/cm-sec-"C a t  t h e  s u r f a c e  t o  5.4 
mcal/cm-sec-"C a t  a depth of 7,000 f e e t .  

RESULTS 

Most of t h e  temperature logs a v a i l a b l e  f o r  
s tudy  show strong evidence of conductive h e a t  
t r a n s f e r  (Figure 3 )  making t h i s  area an  i d e a l  
p l a c e  f o r  applying t h e  p r i n c i p l e s  of downward 
cont inuat ion.  Only two boreholes show evidence 
of groundwater movement (Figures  1 and 3), and 
both  were de le ted  f ran  the  d a t a  set  p r i o r  t o  t h e  
ana lys i s .  Of t h e  undisturbed boreholes, t h e  
measured temperature g r a d i e n t s  ranged from 2.85 
t o  10.36"F/100' (52-189"C/km) wi th  an  a v e r e e  
g r a d i e n t  of 4 . 7"F/100' (86"C/h)  . The lowest 
g r e d i e n t s  are found i n  t h e  recharge areas on t h e  
f l a n k  of t h e  Jackson Mountains where t h e  averilge 
g r a d i e n t  is 2.97"F/100' (54"C/km, including t h e  
d is turbed  borehole 3450), (F igure  1). The m a x i -  
mum gradien t  of 10.36"F/100' r e p r e s e n t s  borehole  
3408 located one-half mile n o r t h  of MacFarlane's 
Hot Spring. The average g r a d i e n t  f o r  t h e  non- 
geothermal por t ion  of t h e  Black Rock Desert on 
t h e  western s i d e  of t h e  s tudy area i s  
3*97"F/100' (72"C/km). The geothermal area as 
def ined by t h e  5.S°F/100' contour includes 11 
square  miles. 

Figure 2 shows a low-order polynomial f i t  
t o  t h e  measured s u r f a c e  temperature g r a d i e n t s  
( t r e n d  sur face)  and t h e  p r i n c i p a l  mappable 
s t r u c t u r a l  f e a t u r e s  w i t h i n  t h e  s tudy  area. The 
purpose of t h i s  f i g u r e  i s  t o  demonstrate t h e  
close a s s o c i a t i o n  between t h e  geothermal ananaly 
and the  reg iona l  s t r u c t u r a l  s e t t i q .  This 
c o r r e l a t i o n  almost demands a cause-effect 
r e l a t i o n s h i p .  The reg ion  of e levated tem- 
p e r a t u r e  g r a d i e n t s  i s  confined t o  the western 
f r o n t  of t h e  s t r u c t u r a l  platform located between 
t h e  two nor theas t  t rending f a u l t  systems, and 
t h e  m a x i m u m  g r a d i e n t s  are c o n s i s t e n t l y  located 
over  t h e  westerrmost f a u l t .  Another i n t e r e s t i n g  
aspect of Figure 2 i s  t h a t  t h e  g r a d i e n t s  r e t u r n  
t o  normal a t  t h e  southern  end of t h e  w e s t e r m o s t  
f a u l t .  These observat ions,  coupled with t h e  low 
g r a d i e n t s  observed over t h e  f a u l t  system of t h e  
e a s t e r n  margin of t h e  platform,  form the  b a s i s  
of our hydrology model t o  expla in  t h e  o r i g i n  of 
t h e  MacFarlane's Hot Spring geothemal  system . 

Figure 4 shows t h e  results of t h e  downward 
cont inua t ion  a n a l y s i s -  The downward con- 
t i n u a t i o n  w a s  terminated a t  3696 f e e t  (0.70 
odles). Below t h i s  depth, o s c i l l a t i o n s  s t a r t e d  
t o  occur ind ica t ing  t h a t  t h e  source  depths  had 
been encountered. As shown i n  Figure 4 ,  t h e  
m a x i m u m  temperature t h a t  i s  l i k e l y  t o  be encam- 
te red  is 350"F, and a value of 300°F is  probably 
more realistic. 
d i c t e d  by chemical geothermometry are near  280°F 
( S i b b e t t  e t  a l ,  1982). 

The m a x i m u m  temperatures pre- 

The o r i g i n  of t h e  MacFarlane's Hot Spring 
geothermal area i s  most e a s i l y  explained i n  
terms of a simple groundwater flow model. This  
i s  shown schematical ly  i n  Figures  5 and 6. The 
high-elevat ion reg ion  near  t h e  e a s t e r n  f a u l t  
canplex is an  area of groundwater recharge as 

179 



Swanberg and Bowers 

M i  1 es A A '  

Ir JACKSON 

MOUNTAINS 

Figure 5. Proposed model f o r  MacFarlane's Hot 
Spring geothermal system. Arrows r e f e r  t o  
d i r e c t i o n  of groundwater flow. 

evidenced by t h e  low sur face  g r a d i e n t s  (Figure 
2) and the  presence of the  isothermal  borehole 
3450 (Figure 1). Meteoric water e n t e r s  the  
hydrologic  sys tan  via these f a u l t s  and flows 
westward through aqui fe rs  which are comprised 
most ly  of porphyr i t ic  and ves icu lar  b a s a l t s  
( S i b b e t t  et al, 1982). A t  t h e  i n s e l b e r g ,  a 
topographic high of severa l  hundred f e e t ,  t h e  
f low is diver ted to  the northwest and southwest. 
To the  northwest, t h e  flow i n t e r s e c t s  t h e  con- 
d u i t  provided by t h e  f a u l t  and is f r e e  t o  ascend 
t o  the  sur face  a t  MacFarlane's Hot Spring and 
forms the  shallow geothermal system. To t h e  
southwest, t h e  f a u l t  is not encountered, and the  
groundwater cont inues i n t o  the  Black Rock Desert 
without forming a geothermal system. 
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Figure 6. 
Spring geothermal system. (Top) Temperature 
gradien ts .  (Bottom) Isotherms, f a u l t s ,  and 
assumed groundwater flow paths. Qld, Tba, Ph 
are  r e s p e c t i v e l y  Lake Lohantan depos i t s ,  vesicu- 
lar  b a s a l t  flows, and t h e  Happy Crek group 
( S i b b e t t  e t  a l ,  1982). 
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