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A b s t r a c t  

The c e n t r a l  Seward Peninsula,  Alaska, has one Known Geothermal Re- 
source Area (KGRA) a t  P i l g r i m  Spr ings,  and has r e c e n t  v o l c a n i c  f lows,  
f a u l t  systems, topographic  and t e c t o n i c  f e a t u r e s  which can be e x p l a i n e d  
by a r i f t  model. A s  p a r t  o f  a geothermal reconnaissance o f  t h e  area we 
used h e l i u m  and mercury c o n c e n t r a t i o n s  i n  s o i l  as i n d i c a t o r s  o f  geothermal 
resources. The l a r g e s t  he1 ium c o n c e n t r a t i o n s  were found i n  t h e  v i c i n i t y  
o f  the  P i l g r i m s  Spr ings KGRA, and i n d i c a t e  pr ime d r i l l i n g  s i t e s .  
p r o f i l e  l i n e s  were r u n  across t h e  suspected r i f t  system. S i g n i f i c a n t  
h e l i u m  anomalies were found on severa l  o f  t h e  t raverses ,  where f u t u r e  
e x p l o r a t i o n  m i g h t  be concentrated. Mercury va lues showed a g r e a t  range 
o f  v a r i a b i l i t y  on t h e  t raverses ,  and seem u n r e l i a b l e  as geothermal i n d i -  
c a t o r s  except  i n  t h e  v i c i n i t y  o f  t h e  P i l g r i m  Spr ings. Permaf ros t  a t  t h e  
sur face  r e s u l t i n g  i n  v a r i a t i o n s  i n  sampl ing depth may c o n t r i b u t e  t o  t h e  
mercury v a r i a t i o n s .  

F i v e  

I nt roduc  ti on 

Turner  e t  a1 . , 1981, have proposed " t h a t  an i n t e r c o n n e c t e d  system 
o f  l a t e  T e r t i a r y  t o  Quaternary r i f t s  and t r a n s f o r m  f a u l t s  extends 250 km 
across t h e  c e n t r a l  Seward Peninsula f rom P o r t  Clarence t o  t h e  eas tern  
Koyuk R i v e r  V a l l e y " .  The r i f t  model appears t o  e x p l a i n  many l a t e  T e r t i a r y  
t o  Quaternary  topographic,  s t r u c t u r a l ,  t e c t o n i c  and v o l c a n i c  fea tures ,  and 
should be use fu l  as an e x p l o r a t i o n  model f o r  geothermal energy resources. 
F i g u r e  1 shows a diagram o f  t h e  proposed r i f t  system on a g e n e r a l i z e d  
g e o l o g i c a l  map. 

As p a r t  o f  a s tudy o f  t h e  Seward Pen insu la  geothermal energy poten- 
t i a l  d u r i  ng summer 1980, geol o g i c a l  mappi ng, remote sensi  ng, geophysical  
e x p l o r a t i o n  and geochemical sampl ing methods were used t o  develop t h e  
r i f t  model and search f o r  geothermal resources. Prev ious  work i n  1979 
a t  t h e  P i l g r i m  Spr ings KGRA had d e l i n e a t e d  t h e  near s u r f a c e  r e s e r v o i r ,  
which sha l low d r i l l i n g  confirmed. 

The Seward Peninsula covers approx imate ly  t h e  same area as t h e  
s t a t e  o f  West V i r g i n i a ,  b u t  w i t h , v e r y  few roads. I n  o r d e r  t o  search f o r  
evidence o f  o t h e r  hidden geothermal resources i n  t h i s  l a r g e  area we 
t r i e d  u s i n g  he l ium and mercury i n  s o i l  samples as i n d i c a t o r s .  Both have 
been r e p o r t e d  as usefu l  i n  e x p l o r a t i o n  f o r  geothermal areas and they can 
be sampled f a i r l y  r a p i d l y  and a r e  inexpens ive  t o  analyse. 

P 

63 



Helium anomalies near geothermal s i t e s  have been detected near geo- 
thermal s i t e s  t h r o u g h o u t  the world (Bergquist, 1979) .  Two factors may 
contribute to  helium anomalies i n  conjunction with geothermal areas: 
The deep, nonatmospheric m i x i n g  source of most geothermal waters, and 
the radioactive decay of uranium and thorium in the vicinity of the 
source waters. 
w i t h  temperature above 30°C [Figure 2 a f t e r  Mazor (1972)l. 
hot water will be a very eff ic ie ; t  scavenger of helium produced by radio- 
active decay of uranium and thorium contained i n  the rocks a t  depth, and 
will release i t  as i t  rises towards the surface, cools and  de-pressurizes. 
Since helium i s  highly mobile i t  will find faul ts ,  minute fractures and 
p a t h s  t o  r i s e  t o  the surface. Sone helium will be trapped i n  the rocks 
and sediments, b u t  because i t s  atomic structure i s  nearly spherical the 
entrapment i s  d i f f i cu l t  (Bergquist, 1979) .  

6 
Helium i s  unusual in t h a t  i t s  *solubili ty i n  water increases 

Pressurized 

Ne sampled the soil for helium i n  two ways: The f i r s t  was t o  drive 
a probe 30 i n .  into the ground and draw off a ground gas sample which was 
then inserted i n t o  a small evacuated s teel  ampule and sealed for l a t e r  
analysis. This method does not work well in wet soil or where the soil  
i s  rocky or frozen. 
d r i l l  a hole 30 i n  deep. The soil core a t  the bottom was then quickly 
placed i n  a t i n  can and sealed. 
helium analysis t o  a precision o f  10 parts per b i l l i o n .  Normal atmospheric 
He concentration i s  5.24 ppm, and any s ignif icant  soil concentration 
above t h i s  i s  an anomaly. 

In such conditions we used a soil sampling auger t o  

Western Systems, Inc., performed the 

Mercury content i n  so i l s  has  a lso been reported as a possible indi- 
cator  of geothermal resources (Matlick and Buseck, 1975). They confirmed 
a strong association of Hg with geothermal act ivi ty  i n  three of four 
areas tested (Long Valley, California; Summer Lake and Klamath Fal ls ,  
Oregon). Mercury deposits typically occur in regions containing evidence 
of geothermal ac t iv i ty ,  such as h o t  springs (White, 1967) .  

Mercury i s  very volati le.  The high vapor pressure makes i t  extremely 
mobile, and the elevated temperatures near a geothermal reservoir tend to  
increase this mobility. The Hg migrates upwards and outwards away from 
the geothermal reservoir, creating an aureole of enriched Hg i n  the soil  
above a geothermal reservoir larger i n  area t h a n  a corresponding helium 
a noma 1 y . 

We collected soil samples about 10 cm below the organic layer. The 
samples were a i r  dried in the shade and sized t o  -80 fine using a stain- 
less  s teel  sieve. The -80 portions were stored in a i r t i gh t  glass v ia l s  
for analysis. The Hg content of the sample was determined by use of a 
Jerome Instrunient Corp., model 301 Gold Film Mercury detector with sensi- 
t i v i ty  t o  better t h a n  0.1 ng o f  Hg. A s t a n d a r d  volume of -80 mesh soil  
(0.25 cc) i s  placed in a quartz  bulb and  heated red h o t  for  one minute 
to volatize a l l  of the Hg, which i s  collected on a gold  fo i l .  Heating 
of the gold foi l  in the analysis procedure releases the Hg for analyses 
as a gas  i n  the standard manner. 
a known concentration of Hg vapor w i t h  a hypodermic syringe. 

Calibration i s  accomplished by inserting 



The background concent ra t ion  o f  Hg ' i n  s o i l s  v a r i e s  w i d e l y  f rom area 
t o  area, and must be determined f rom a l a r g e  number o f  samples. 
g e n e r a l l y  t h e  o r d e r  o f  10 p a r t s  p e r  b i l l i o n .  

I t  i s  

A q u e s t i o n  remained as t o  t h e  a p p l i c a t i o n  o f  he l ium and mercury 
sampl ing t o  Alaska geothermal e x p l o r a t i o n :  Ho-w does t h e  presence o f  
permaf ros t  a f f e c t  t h e  d i f f u s i o n  o f  He and Hg from source t o  t h e  s o i l  sur- 
face? F u r t h e r  b a s i c  resarch on t h i s  problem i s  needed, b u t  we do know 
t h a t  we found b o t h  He and Hg anomal i e s  i n  b o t h  thawed and i n  t h i c k  perma- 
f r o s t  areas. 

P r i o r  t o  t h e  work on t h e  Seward Pen insu la  r i f t  system we t r i e d  b o t h  
He and Hg sampl ing i n  the  v i c i n i t y  o f  Chena Hot  Spr ings, Alaska. 
shows a map o f  Chena Hot Spr ings w i t h  i s o t h e r m a l  contours  a t  a depth o f  
0.5 m, and t h e  s o i l  concent ra t ions  o f  He and Hg i n  t h e  area. 
va lue  o f  795 ppm He was found near t h e  c e n t e r  o f  t h e  40°C i s o t h e r m  a t  
the  west  end o f  t h e  area. 
the  same l i n e a r  anomaly presumed t o  be a f a u l t  i n  t h e  u n d e r l y i n g  q u a r t z  
monzoni te c r y s t a l  i n e  rocks. 

F i g u r e  3 

A h i g h  

I n  general  t h e  mercury va lues  tended t o  o u t l i n e  

He and Ha R e s u l t s  i n  Centra l  Seward Pen insu la  

I n  o r d e r  t o  f u r t h e r  assess t h e  use fu lness  o f  He and Hg surveys some 
l i m i t e d  p r o f i l e s  were made i n  t h e  approx imate ly  1 km2 thaw e l l i p s e  a t  
P i l g r i m  H o t  Spr ings.  F igure  4 shows a map o f  P i l g r i m  Spr ings  and t h e  
l o c a t i o n  o f  anomalous He samples. The h i g h e s t  s o i l  c o n c e n t r a t i o n s  o f  
about 100 ppm He were found near, b u t  n o t  a t  t h e  h i g h e s t  temperatures a t  
4 .5  m depth  (80°C). 
p r o f i l e  west  t o  e a s t  across the  h o t t e s t  temperature anomaly, I n  general  
t h e  h e l i u m  and mercury values a r e  i n  agreement. Both a r e  anomalously 
h i g h  a t  s t a t i o n  20"W which i s  suggested as a pr ime d r i l l i n g  s i t e .  Along 
a n o r t h - s o u t h  p r o f i l e  on the  0.0 l i n e  t h e  h e l i u m  va lues  were a l l  c l o s e  
t o  atmospher ic  l e v e l s ,  y e t  a mercury anomaly o f  55 ppb was found a t  a 
l o c a t i o n  where t h e  ground temperature was o n l y  20°C. 
n e x t  t o  t h e  main h o t  spr ings  pool  were low i n  b o t h  tie and Hg. The cause 
o f  t h i s  i s  l i k e l y  due t o  the s o i l  which i s  a porous sand, and t h e  e l e v a t e d  
temperature. The p o r o s i t y  o f  t h e  s o i l  c o u l d  a l l o w  he l ium t o  r e a d i l y  
pass th rough t o  t h e  atmosphere. 
t h e  h i g h  temperature and a l s o  escape th rough t h e  porous s o i l .  

F igure  5 shows t h e  T, He and Hg va lues  a long a 

C u r i o u s l y  samples 

Mercury would be e a s i l y  vapor ized  by 

Some anomalous hel ium values were found o u t s i d e  t h e  thaw e l l i p s e  
across t h e  P i l g r i m  r i v e r  as shown i n  F i g u r e  4. 
r e s i s t i v i t y  measurements show low r e s i s t i v i t y  l a y e r s  beneath t h e  sur face  
and suggest t h e  presence o f  geothermal water  i n  a band a long t h e  r i v e r .  

Ga lvan ic  and EM-16R 

There i s  a second smal le r  thaw window i n  t h e  P i l g r i m  r i v e r  v a l l e y  
4 km ENE o f  P i l g r i m  Springs. 
c o n c e n t r a t i o n  i n  t h e  s o i l  was anomalous, 5.52 ppm, and Hg samples were 
indeterminate ,  some low some h i g h e r  than normal. 
temperature measurements have been made, b u t  r e s i s t i v i t y  measurements 
i n d i c a t e  a l o w  r e s i s t i v i t y  l a y e r  o f  2.5 n-m a t  depth. 

The temperature a t  4.5 m was 20°C. The He 

No d r i l l i n g  o r  deeper 

A s  g e o l o g i c a l  mapping progressed i n  1980 t h e  general  o u t l i n e s  o f  a 
proposed r i f t  system emerged. Except  f o r  t h e  Nome T a y l o r  Road, a l l  access 
t o  t h e  area  was by h e l i c o p t e r  o r  boat.  F i v e  t r a v e r s e  l i n e s  were planned 
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t o  cross the elements of the r i f t  system t o  measure gravi ty ,  geology, VLF, 
mercury and helium wherever possible. 
time d i d  not permit s ta t ions a s  closely spaced as  m i g h t  be'-desirable. 

The 1 imited helicopter and f i e ld  

Figure 6 shows a map of the Seward Peninsula w i t h  the location of 
s ta t ions  on the f ive traverse l ines .  Also shown a re  'the locations of  
anomalous He soil  concentrations found. W i t h  'the exception of two small 
anomal i e s  a t  the north end of the' Imuruk Traverse, a1 1 the he1 ium anoma- 
l i e s  l i e  w i t h i n  the proposed r i f t  sections A ,  B ,  C ,  o r  D (Figure 1 ) .  
Helicopter flying range d i d  not allow us t o  work fa r ther  t o  the eas t  i n  
segment E. 

t i o n s  a long  the Imuruk  Traverse. 
l i e s  two km a p a r t  in the lava f i e lds  n o t  f a r  from the recent Lost Jim 
Flow. 

Figure 7 shows a geologic cross section, and the He and Hg concentra- 
There are  two s i g n i  f i can t  he1 i u m  anoma- 

The Hg values are also h i g h  a t  these two s ta t ions.  

Figure 8 shows a geologic cross section a t  the western end o f  the 
r i f t  system where the highest helium anomaly on the traverses was located. 
The corresponding Hg soi l  concentration i s  about normal. On the traverse 
several large Hg anomalies were found ,  par t icular ly  i n  a small stream 
valley a t  s t a t i o n  128. A t  
one t ime d u r i n g  the go ld  rush mercury was used t o  amalgamate the fine 
placer gold in streams. 
was heavily mined and found the Hg content about average. There was no 
evidence of mining actively in the valley of s ta t ion  128, o r  a t  131 
which was also anomalous. The Hg aureole i s  expected t o  be much larger  
than tha t  around an He source, so the f a c t  t h a t  no He anomaly was found 
a t  e i t he r  Station does not rule  o u t  a geothermal source of the Hg. 

The cause of t h i s  anomaly i s  n o t  evident. 

We tested a soi l  sample i n  Quartz Creek which 

Space does n o t  permit the inclusion of other t raverses .  In general 
however the Hg values showed great va r i ab i l i t y  from one s t a t i o n  t o  another, 
while the He values were almost a l l  near background except for a few 
anomal i e s  shown on Figure 6. 

Concl usi ons 

O u r  use of He and Hg i n  the study o f  the Central Seward peninsula 
was i n  par t  research in to  the usefulness of these geothermal associated 
elements. We found t h a t  both are  probably useful i n  a h o t  springs or 
known thermal anomaly. However a s  reconnaissance tools  we found tha t  
the Hg soi l  concentrations showed great  var iab i l i ty .  
closer spaced measurements we might be able to  explain the var iab i l i ty ,  
b u t  as  i t  i s  we can only speculate. Perhaps the presence of permafrost 
affected the ab i l i t y  t o  co l l ec t  samples a t  a uniform soi l  horizon. 
There a re  probably more varied sources o f  Hg i n  the rocks t h a n  i t  i s  the 
case for  He. We found the He sampling produced anomalies in the r i f t  
zones, and several s ign i f icant  concentrations which indicate areas o f  
i n t e re s t  for future geothermal exploration. 

I f  we had made 

c 
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APPENDIX. A 

Geo log ica l  Map U n i t s  

Q T e r t i a r y  t o  Quaternary  a1 1 u v i  um, v a l  1 ey f i  11 , i n c l  udes Kougarok 
QTu g r a v e l s  and equ iva len ts ,  till and a l luv ium. 

QT b T e r t i a r y  t o  Q u a t e r n a r y ’ b a s a l t s  o f  t h e  K u z i t r i n  F l a t s  and Eva 
Mtn. 

Qb i n c l u s i o n s  i n  t h e  a l k a l i  b a s a l t s .  

K i  

A l k a l i c  t o  T h o l e i i t i c  i n  composi t ion w i t h  u l t r a m a f i c  

Cretaceous i n t r u s i v e s ,  m o s t l y  q u a r t z  monzonite. 

Pz 

P zc 
T h r u s t  sheets o f  Pa leozo ic  carbonates and meta-carbonates. 

PG Precambrian t o  l o w e r  p a l e o z o i c  metasediments. S c h i s t s  and 

PSms i n  t h e  Nor thern Bendeleben Mts. 
gneisses o f  t h e  Nome Group and York Slate.  L o c a l l y  miymat ized 

Geol o g i c  u n i t s  general  i zed from Hudson ( 1977 1 and Sai  nsbury ( 1972, 1974) 
w i t h  f a u l t s  on t h e  Imuruk Traverse by Hopkins (1963).  
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cs FIGURE CAPT.IONS 

Figure 1 

Figure 2. 

Figure 3 .  

F i g u r e  4. 

Figure 5. 

Figure 6. 

F i g u r e  7. 

Figure 8. 

Diagram of proposed r i f t  model f o r  the c e n t r a l  Seward 
Peninsula.  The graben s t r u c t u r e  o f f s h o r e  ( P C R )  i s  the P o r t  
Clarence R i f t  (Hopkins e t  a1 . , 1974).  T h e  geology is 
genera l ized  from Hudson (19771.. QTb u n i t  a r e  l a t e  T e r t i a r y  
t o  Quaternary basa, l t ic  lava  flows. 
geol ogi c u n i  t s  

S o l u b i l i t y  of noble gases  i n  f r e s h  water ( a f t e r  Mazor, 1972). 

See Appendix A f o r  

Map o f  Chena Hot Springs,  Alaska w i t h  0.5 m depth isothermal 
contours ,  helium and mercury s o i l  concen t r a t ions .  

Map of P i l g r i m  Hot Springs,  Alaska showing the e l l i p t i c a l  
a r ea  of thermally d is turbed  ground and anomalous He va lues  
found. 

Temperature a t  4.5 m d e p t h ,  He and Hg s o i l  concen t r a t ions  
i n  a west t o  e a s t  p r o f i l e  ac ross  the P i l g r i m  Hot Springs 
thaw e l l i p s e .  

Map of Seward Peninsula ,  Alaska showing 5 t r a v e r s e  l ines  
ac ross  sec t ions  of  the proposed r i f t  system and l o c a t i o n s  of 
anomalous helium s o i l  concent ra t ions .  

Imuruk t r a v e r s e ,  helium and mercury s o i l  concen t r a t ions .  
Two s i g n i f i c a n t  helium anomalies a r e  found a t  s t a t i o n s  43 
and 44. The  mercury values  a r e  a l s o  nigher than the mean 
a t  those si tes.  
age. 

The  nearby Lost Jim Flow i s  of very recent 
See Appendix A f o r  geologic  units. 

Agiapuk t r a v e r s e ,  helium and mercury s o i l  concent ra t ions .  
A s i g n i f i c a n t  helium anomaly was found a t  s t a t i o n  123 near 
lava  flows of  probable T e r t i a r y  age. 
were also  found w i t h o u t  He concentrat ions.  See Appendix A 
f o r  geologic  map u n i t s .  

Two l a r g e  Hg anomalies 
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