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ABSTRACT 

Reconnaissance-level geologic and geophysical 
studies i nd i ca te  t h a t  t he  P i l g r im  Springs, Alaska, 
area i s  under la in  by an intermediate-temperature, 
1 iquid-dominated geothermal system of substant ia l  
magnitude. I n i t i a l  exp lo ra to ry  d r i l l i n g  has 
coyfirmed the  presence o f  the shallow, = 1-1.5 
km hot  water rese rvo i r  del ineated by our geo- 
physical surveys. Large ar tes ian  f l o w  ra tes  o f  
200 and 300-400 gal lons/minute o f  90°C water 
i nd i ca te  t h a t  a t  l e a s t  one good aquifer i s  pres$nt 
a t  shallow depths w i t h i n  t h i s  reservo i r .  Res is t i -  
v i t y  surveys suggest t h a t  the rese rvo i r  i s  approxi- 
mately 50 m th ick .  
may a lso  be contained i n  the  t h i c k  sedimentary 
sect ion i d e n t i f i e d  by seismic and g r a v i t y  surveys, 
bu t  they  have no t  as y e t  been loca ted  by our 
i n i t i a l  r e s i s t i v i t y  surveys. The power present ly 
being d iss ipa ted  from the  upper 50 m of the 
system i s  a minimum o f  350 megawatts. 

-. 

Deeper ho t  water reservo i rs  

The P i l g r im  Springs geothermal area, loca ted  
about 75 km no r th  of Nome, Alaska, (Figure 1 )  was 
the  subject  o f  an intensive,  reconnai ssance-level 
geophysical and geological  study dur ing a 90-day 
per iod i n  the  summer o f  1979. The thermal spr ings 
are  located i n  a northeast-orientep, oval area o f  
thawed ground approximately 1.5 km i n  size, 
bordered on the  nor th  by the  P i l g r i m  River. A 
second, much smaller, thermal anomaly was d i s -  
covered about 3 km northeast o f  the main thawed 
area. Continuous permafrost i n  the surrounding 
region i s  on the  order o f  100 m th ick .  

’ 

The springs are  located i n  the  P i l g r i m  River 
Val ley,  a f a u l  t-bounded tec ton ic  depression 
f lanked on the  no r th  and south by  mountains com- 
posed o f  highly-deformed, upper amphibol i te fac ies  
metamorphic rocks of probable Precambrian age, c u t  

co an t  g r a n i t i c  p lutons o f  Cretaceous age. 
%,“‘*K-‘‘Ar mineral,  ages o f  e l  even sampled meta- 
morphic rocks have been rese t  t o  about 84 m.y., 
presumably due t o  a thermal pulse associated w i t h  
the  Cretaceous p lu ton i c  event. Seismic, g r a v i t y  
and r e s i s t i v i t y  surveys i nd i ca te  t h a t  t he  c r y s t a l -  
l i n e  basement o f  t he  v a l l e y  f l o o r  i s  a t  l e a s t  
200 m beneath P i l g r i m  Springs. The g r a v i t y  data 
a lso  suggest t h a t  P i l g r i m  Springs i s  near the  

i n te rsec t i on  o f  two i n f e r r e d  f a u l t  zones forming 
the  corner o f  a deep, downdropped basement block. 

The se ismic i ty  o f  the area indicates cur ren t -  
l y  ac t i ve  normal f au l t i ng .  Mapped north-south 
t rending f a u l t s  i n  the K ig lua i k  Mountains south of 
P i l g r i m  Springs may extend through the  downdropped 
c r y s t a l l i n e  basement under the P i l g r im  River 
Val ley. One o r  more o f  these fau l t s  could 
poss ib ly  provide a deep condui t  f o r  the geothermal 
system. S u r f i c i a l  geologic mapping indicates 
considerable subsidence o f  the  P i l g r im  River 
Val l e y  dur ing Quaternary time. A north-south 
t rending Quaternary f a u l t  extends across the  
v a l l e y  and appears’ t o  coincide w i t h  the western 
boundary o f  the  main thawed area. 
studies conf i rm the presence o f  t h i s  f a u l t  bu t  do 
no t  suggest t h a t  i t  i s ’p resen t l y  serving as a hot 
water condui t  i n  the  v i c i n i t y  o f  our r e s i s t i v i t y  
p r o f i l e .  

R e s i s t i v i t y  

Geologic evidence suggests tha t  the low-ly ing 
reg ion  extending from the  Imuruk Basin through the 
K u z i t r i n  Val ley t o  the  Imuruk lava f i e lds  may 
represent an i n c i p i e n t  rift through the Seward 
Peninsula. We there fore  propose t h a t  the manifes- 
t a t i ons  o f  anomalous heat f low (young b a s a l t i c  
volcanism and a l k a l i - c h l o r i d e  hot spr ings) i n  t h i s  
region may be associated w i t h  tensional tec ton ics  
and ac t i ve  r i f t i n g .  

I 

Present surface thermal spr ing discharge i s  e 

= 67 gal 1 ons/minute o f  a1 ka l  i -chlor ide-type water 
a t  a temperature o f  81OC. 
s a l i n i t y  i s  n o t  y e t  understood because o f  con- 
f l i c t i n g  evidence f o r  seawater vs. other poss ib le  
water sources. 
suggests deep rese rvo i r  temperatures approaching 
150°C, bu t  i n t e r p r e t a t i o n  o f  these resu l t s  i s  
d i f f i c u l t  because of t h e i r  dependence on an un-. 
known water mixing h i s to ry .  Based on these e s t i -  
mates, and present surface and d r i l l  hole water 
temperatures, P i l g r i m  Springs would be c l a s s i f i e d  
as an intermediate-temperature, 1 iquid-dominated - 
g eo t h erma 1 sx3 t em. 

50 m-thick, pancake-shaped t jeservoir o f  hot, 
sa l i ne  water about 1-1.5 km i n  area under P i l g r i m  
Springs. Shallow ground electromagnetic surveys, 
ground temperature surveys and model 1 i ng  of 

The reason f o r  i t s  high 

Pre l  iminary Na-K-Ca geothermometry ’ 

R e s i s t i v i t y  surveys have located a shallow, 
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convection c e l l s  have been used i n  conjunct ion 
w i t h  deep r e s i s t i v i t y  surveys t o  determine 
d r i l l i n g  ta rge ts  w i t h i n  the  area o f  t h i s  reservoir .  
Thermal , hydrologic and geologic models of the 
t o t a l  geothermal system suggest t h a t  ho t te r  
reservo i rs  could be present a t  greater depths. 
Computer modell ing of r e s i s t i v i t y  data does no t  
r u l e  ou t  t h i s  p o s s i b i l i t y .  

Two 50 m exp lo ra to ry  t e s t  holes, separated by 
100 meters, were d r i l l e d  i n  November, 1979, i n  the 
area o f  the  primary d r i l l i n g  ta rge t  recommended i n  
our p re l im inary  r e p o r t  (Forbes e t  a l .  , 1979). 
Artesian aqu i fe rs  were encountered i n  a 20-30 m 
depth i n te rva l .  
and 300-400 gal lons per minute, respect ively,  a t  a 
temperature o f  90" C . 

Flow ra tes  were estimated a t  200 

Prel iminary hydrologic studies i nvo l v ing  a 
P i l g r i m  River temperature survey and ground water 
f l ow  estimates ca lcu la ted  from temperature pro- 
f i l e s  have resu l ted  i n  a proposed water balance 
model and power estimates fo r  t he  geothermal 
system. Analysis suggests t h a t  the power pre- 
sen t l y  being d iss ipa ted  from the  upper 50 m o f  the 
system i s  a minimum o f  350 megawatts (MW), w i t h  
more than 300 MW o f  t h i s  amount i n  subsurface 
groundwater discharge beneath the  P i l g r im  River. 
The accessible resource base (Muffler, 1979) f o r  
the  upper 50 m o f  t he  system referenced t o  0°C i s  
estimated a t  500 MW. The bene f i c ia l  power 
(Muffler, 1979) ava i l ab le  fo r  d i r e c t  (none lec t r i c )  
use i s  estimated a t  30 MW. 
estimates t o  15°C would reduce them t o  2/3-3/4 o f  

Referencing these 

the  above values. The mean annual a i r  temperature 
i n  the  area i s  approximately -3.5OC. Q u a n t i t a t i v e  
estimates o f  the  e l e c t r i c a l  power p o t e n t i a l  w i l l  
depend on engineering and reservo i r  parameters 
which are  present ly unknown. It i s  c lear ,  how- 
ever, t h a t  the e l e c t r i c a l  power po ten t i a l  w i l l  
probably be a small f r ac t i on  o f  the 30 MW bene- 
f i c i a l  power estimate. 

We emphasize tha t  many hydrologic measure- 
ments a re  p re l  iminary, based on reconnaissance- 
l e v e l  studies. A fol low-on program o f  more ex- 
tensive geophysical surveys, hydrologic studies , 
exp lora tory  d r i l l i n g  and geochemical s tud ies  has 
been proposed i n  order t o  achieve a more complete 
understand! ng o f  the  Pi1 gr im Spri ngs geothermal 
system and t o  provide a basis fo r  future power 
estimates, production d r i l l i n g ,  engineering 
studies and comnercial s i t e  development. De ta i l s  
o f  the  present study, as we l l  as a 1:63,360 scale 
geologic map are  contained i n  our recent r e p o r t  t o  
D.O.E. and the State o f  Alaska (Turner and Forbes, 
1980). ' 
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