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PREFACE 

This report was submitted as an informal interagency quarterly progress report to the 

United States Department of Energy (DOE) on September 30, 1985. It is a preliminary 

description of work performed by the University of Alaska Geophysical Institute and the Alaska 

Division of Geological and Geophysical Surveys, under contract to DOE, during the summer of 

1985. It does not contain the detailed interpretation of the data, or the final reductions of the 

additional CSAMT data, which will be presented in the final report on July 8, 1986. Any 

conclusions or statements regarding geothermal potential should be regarded as tentative. The 

release of this report is intended to provide basic data to individuals or companies who want to 

know what geothermal exploration work has been done as an aid in decision-making concerning 

the call for applications for a proposed geothermal lease sale which was issued by the Alaska 

Division of Oil and Gas on November 21, 1985. 

After this report was submitted to DOE, DGGS completed the analysis of the warm 

spring water collected during the 1985 field season. The analysis of the water, an analysis of 

Crater Peak fumerole gas collected during the summer of 1982, and temperature estimates from 

several standard fluid geothermometers are appended to the back of this report. We urge that 

particular caution be used in interpreting these data. The warm spring water appears to be a 

mixture of water from diverse sources, and we consider interpretation of the results of the 

geothermometers to be problematic. 
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G e o t h e r m a l  Energy A s s e s s m e n t  of  lit. S p u r r ,  A la ska  

by 

Eugene M .  W e s c o t t  and Donald  L. T u r n e r  

G e o p h y s i c a l  I n s t i t u t e ,  U n i v e r s i t y  of A l a s k a - F a i r b a n k s  

Introduction 

D u r i n g  t h i s  q u a r t e r  a  major  f i e l d  e x p e d i t i o n  was c a r r i e d  o u t  i n  t h e  

M t .  S p u r r ,  A l a s k a  a r e a .  S t a r t i n g  on J u l y  18 ,  1985,  a  camp was e s t a b l i s h e d  a t  

t h e  2 4 0 0 - f o o t  l e v e l  on a  p l a t e a u  on t h e  s o u t h  s i d e  of  H t .  S p u r r .  An O t t e r  

f i x e d - w i n g  a i r c r a f t  f e r r i e d  t h r e e  p l a n e l o a d s  o f  s u p p l i e s ,  equ ipmen t  and  n i n e  

p e r s o n n e l  t o  t h e  s i t e .  A h e l i c o p t e r  f u e l  s u p p l y  had t o  be e s t a b l i s h e d  a b o u t  

8 miles t o  t h e  west on t h e  s h o r e  of Lake  Chakachamna. 

D u r i n g  t h e  n e x t  t h r e e  weeks we c a r r i e d  o u t  g e o p h y s i c a l ,  g e o l o g i c a l  and 

g e o c h e m i c a l  s u r v e y s  i n  t h e  M t .  S p u r r  a r e a .  We a l s o  s u p p l i e d  t h e  l o g i s t i c a l  

s u p p o r t  f o r  t h e  j o i n t  Alaska  D i v i s i o n  of  G e o l o g i c a l  and G e o p h y s i c a l  S u r v e y s  

(ADGGS) p e t r o c h e m i s t r y  and f i e l d  mapping program c o n d u c t e d  by D r .  C h r i s  Nye. 

D r .  James Bege t  of t h e  U n i v e r s i t y  of A l a s k a ,  a  s p e c i a l i s t  i n  Q u a t e r n a r y  

g e o l o g y  and t e p h r o c h r o n o l o g y ,  was a  g u e s t  i n v e s t i g a t o r  f o r  t h e  f i r s t  week a n d  

worked w i t h  D r .  Nye on s t u d i e s  of M t .  s p u r r t s  e r u p t i v e  h i s t o r y .  

The  M t .  S p u r r  e x p l o r a t i o n  had two main o b j e c t i v e s :  

1. To d e t e r m i n e  w h e t h e r  t h e  v o l c a n i c  h i s t o r y  of M t .  S p u r r  i s  c o n s i s t e n t  

. , 

w i t h  t h e  f o r m a t i o n  of  a  c a l d e r a  wh ich  migh t  be u n d e r l a i n  by a  h i g h -  

l e v e l  s i l i c i c  magma chamber.  

2. To e x p l o r e  f o r  a c c e s s i b l e  g e o t h e r m a l  r e s o u r c e  p r o s p e c t s  w i t h  v a r i o u s  

g e o p h y s i c a l  and geochemica l  t e c h n i q u e s .  



The sou th  s i d e  of M t .  Spur r  was the  s i t e  of a  S t a t e  of Alaska geothermal 

l e a s e  s a l e  s e v e r a l  y e a r s  ago. Only one t r a c t ,  S e c t i o n  10 ,  was leased.  The 

l e a s e  h o l d e r s  employed a  geothermal  c o n s u l t a n t ,  Bruce Gaugle r ,  who was working 

i n  the a rea  d u r i n g  p a r t  of our e x p e d i t i o n .  We coopera ted  i n  p rov id ing  some 

h e l i c o p t e r  t r a n s p o r t  t o  c l e a r  l and ing  zones i n  Sect ' ion L O ,  and conducted some 

geochemical  and e l e c t r i c a l  su rvey  work t h e r e .  

The S u n e y s  

A .  Hot S p r i n g s :  U n t i l  our  e x p e d i t i o n ,  no h o t  s p r i n g s  had been r e p o r t e d  

i n  the M t .  S p u r r  a r e a .  We found a h o t  s p r i n g  and a  s e r i e s  of seeps  i n  a  

canyon on t h e  s o u t h w e s t  s i d e  of the most r e c e n t  a c t i v e  v e n t ,  C r a t e r  Peak. The 

s p r i n g  was Located a b o u t  10 f e e t  above t h e  canyon f l o o r  f lowing o u t  of t h e  

c o n t a c t  b e w e e n  a  Lava flow and an o v e r l y i n g  v o l c a n i c  d e b r i s  flow. The 

temperature  measured. 40°C w i t h  an e s t i m a t e d  flow r a t e  of 20 l i t e r s  p e r  

minute. ' J a t e r  samples  were taken f o r  chemical  a n a l y s i s ,  which i s  being done 

by ADCGS. 

B .  Mercury S o i l  C o n c e n t r a t i o n  Sampling: Two hundred and two s o i l  

samples were taken a t  189 s t a t i o n s  on the  s o u t h  s i d e  of M t .  S p u r r ,  p r i m a r i l y  

i n  the a c c e s s i b l e  a r e a s  above t h e  e x t e n s i v e  a l d e r  cover .  The f l a n k s  of C r a t e r  

Peak were i n t e n s i v e l y  sampled. P r e l i m i n a r y  a n a l y s e s  of s o i l  and t ephra  

samples f o r  mercury were performed i n  t h e  f i e l d  u s i n g  a  Jerome I n s t r u m e n t s  

model 301 gold  f o i l  mercury d e t e c t o r .  The p r e s e n c e  of anomalous Hg 

c o n c e n t r a t i o n i ,  p a r t i c u l a r l y  on the  f l a n k s  of C r a t e r  Peak,  was used t o  d i r e c t  

o t h e r  su rvey  a c t i v i t y  i n  t h a t  a r e a .  The samples have now been re-analyzed i n  

t h e  lab .  P l a t e  1 shows t h e  mercury c o n c e n t r a t i o n s  above a background v a l u e  of 

5 P P ~ .  



C .  Helium S o i l  Sampling: F i f t y - f i v e  helium s o i l  s a z p l e s  and one hot  

s p r i n g  water  sample were c o l l e c t e d  and s e n t  to  Chemical P r o j e c t s  L t d . ,  

T o r o n t o ,  f o r  a n a l y s i s  of He and l i g h t  hydrocarbon c o n c e n t r a t i o n .  The He 

c o n t e n t  of the  h o t  s p r i n g  w a t e r  was low, s u g g e s t i n g  mixing w i t h  ground 

w a t e r .  O v e r a l l ,  the  He s o i l  gas  v a l u e s  tended t o  be h i g h e r  than  a t inospher ic  

background. For 40 s o i l  samples  the  mean background was 5.47 ppm w i t h  10 

samples  of 8.0 ppm o r  g r e a t e r  and 16 samples of 6.0 ppm o r  g r e a t e r .  S i x t e e n  

mud (wate r  s a t u r a t e d  s o i l )  samples had a  mean background of 9.42 x 10" ( c c  

g a s  a t  NTP/CC of mud). F i v e  samples were g r e a t e r  t h a n  18 x 10" and seven 

were g r e a t e r  than 15 x LO-'. The high He v a l u e s  were c l u s t e r e d  on  the  s o u t h  

f l a n k  of C r a t e r  Peak, g e n e r a l l y  i n  an  a r e a  of h igh  mercury c o n c e n t r a t i o n s ,  and 

a l s o  i n  an  a r e a  of low swamps and smal l  h i l l s  a b o u t  4 m i l e s  t o  t h e  e a s t .  

P l a t e  2 shows the  He sample v a l u e s .  

D .  S e l f  - P o t e n t i a l  Surveys:  Twenty-f i v e  km of e l e c t r i c a l  s e l f  - p o t e n t i a l  

su rvey  l i n e s  were surveyed on t h e  f l a n k  of C r a t e r  Peak. A l l  L ines  t i e d  t o  

l e s s  than 50 m i l l i - v o l t s .  The d a t a  were taken us ing  a f i x e d  r e f e r e n c e  

e l e c t r o d e ,  long l i n e s  of 32-gauge copper wi re  and h i g h  i n p u t  impedance d i g i t a l  

v o l t m e t e r s .  T e l l u r i c  c u r r e n t s  were recorded c o n t i n u o u s l y  a t  the base  camp. 

The d a t a  show a  s t r o n g  c o r r e l a t i o n  of n e g a t i v e  p o t e n t i a l  v e r s u s  e l e v a t i o n  on 

t h e  s o u t h  f l a n k  of M t .  S p u r r .  T h i s  g r a d i e n t  of -78 mV/ft has been removed 

from t h e  d a t a ,  and t h e  a r e a  of s t r o n g  anomal ies  con toured  on P l a t e  3 .  The 

anomalous helium and mercury v a l u e s  a r e  shown a s  bold f a c e  H and M ' S  

.. . 
r e s p e c t i v e l y .  There  is a  zone running roughly n o r t h e a s t  c o n t a i n i n g  S-P 

anomal ies  t o g e t h e r  w i t h  h igh  helium and mercury v a l u e s .  The l a r g e s t  S-P 

anomaly i s  a  d i p o l a r  p a t t e r n  of t o t a l  ampl i tude  1300 m V ,  which is surrounded 

by anomalous mercury and hel ium s o i l  v a l u e s ,  NO s o i l  samples were taken i n  

t h e  S-P  anomaly a r e a .  There  a t e  two n e g a t i v e  anomal ies  of -530 and -600 mV 



w h i c h  seem t o  c o r r e s p o n d  . d i t h  h e l i u m  a n o m a l i e s .  The s o l i d  t r i a n g l e  on P l a t e  3  

shows t h e  l o c a t i o n  of t h e  CSAXT $14 s t a t i o n  which showed t h e  l o w e s t  

r e s i s t i v i t y  a t  a  d e p t h  of a b o u t  600 m. Some a d d i t i o n a l  S-P l i n e s  were  r u n  i n  

t h e  a r e a  of t h e  canp p l a t e a u .  

E.  C o n t r o l l e d  Source  A u d i o - M a g n e t o t e l l u r i c  R e s i s t i v i t y :  The  CSAMT 

t e c h n i q u e  of r e s i s t i v i t y  s o u n d i n g  w a s  a m a j o r  p a r t  of o u r  e x p l o r a t i o n  program 

t o  l o c a t e  zones  of anomalous  r e s i s t i v i t y  i n  t h e  M t .  S p u r r  a r e a .  We used  a  

20-ampere  t r a n s m i t t e r  i n t o  g rounded  d i p o l e s  a s  o u r  s i g n a l  s o u r c e .  P l a t e  1 

shows t h e  l o c a t i o n  o f  t h e  two t r a n s m i t t e r  s i tes .  Twen ty - fou r  CSAMT s o u n d i n g s  

w e r e  made, two of  which  were  r e p e a t s  u s i n g  b o t h  t r a n s m i t t e r  s i t e s .  N a t u r a l  

t e l l u r i c  c u r r e n t  a c t i v i t y  p roved  t o  be a  problem d u r i n g  mos t  of t h e  t i m e  we 

were  o p e r a t i n g .  The l a s t  d a y ,  however ,  t h e  a c t i v i t y  became v e r y  low and we 

w e r e  a b l e  t o  o b t a i n  d a t a  a t  a  s i t e  17 km away from t r a n s m i t t e r  s i t e  2. 

A f t e r n o o n  s f e r i c s  due to  l i g h t n i n g  s t r i k e s  a l s o  caused  p r o b l e m s  w i t h  t h e  low 

f r e q u e n c y  r e a d i n g s .  . 

However,  we o b t a i n e d  some e x c e l l e n t  d a t a  t y p i c a l l y  t o  a  d e p t h  of a b o u t  

1 km. F i g u r e  1  shows the  r e s i s t i v i t y  v e r s u s  d e p t h  a p p r o x i m a t e d  by t h e  B o s t i c k  

i n v e r s i o n  a l g o r i t h n  f o r  CSAMT s i t e  14 shown on P l a t e  3  i n  t h e  He, Hg and S-P 

anomaly  a r e a  n e a r  t h e  3 5 0 0 - f o o t  l e v e l  of  C r a t e r  Peak.  The r e s i s t i v i t y  i s  l e s s  

t h a n  LOQ-m a t  a b o u t  600 d e p t h .  A l l  o t h e r  c u r v e s  show a  h i g h e r  r e s i s t i v i t y  

minimum. Over t h e  a r e a  c o v e r e d ,  a l l  c u r v e s  show a  t r a n s i t i o n  f rom t h e  f a r  

f i e l d  t o  n e a r  f i e l d  a round  1-2 hz. We a r e  working  on t e c h n i q u e s  t o  e x t e n d  t h e  

d a t a  d e e p e r  t h rough  t h i s  r e g i o n .  

F. Radar  I c e  Depth S o u n d i n g s  on M t .  S p u r r :  One of  o u r  p r o j e c t  g o a l s  

was t o  d e t e r m i n e  whe the r  t h e  M t .  S p u r r  a r e a  i s  a  c o l l a p s e d  c a l d e r a .  To t h i s  

end  we used  a  r a d a r  sys tem t o  measu re  i c e  d e p t h s  on t h e  g l a c i e r s  s u r r o u n d i n g  

t h e  c e n t r a l  Ilt. p u r r  peak.  The USGS had p r e v i o u s l y  measured  one  i c e  d e p t h  





northwest o f  the peak a t  385 m. None of our measurements agreed with the USGS 

depth. Most were near  100 m. These data  a r e  y e t  t o  be analyzed. 

G .  VLF EM-16R I c e  Depth Measurements: We a l s o  made measurements of the 

?It. S p u r r  i c e  f i e l d  depths using the Hawaii VLF r ad io  s i g n a l  r a t i o  of E / H  and 

phase. For a  two-layer case we have three parameters  and two equations. If 

we spec i fy  the  i c e  r e s i s t i v i t y ,  then we can c a l c u l a t e  the i c e  depth and the 

r e s i s t i v i t y  of the underlying rocks. Assuming a  nominal 100,000&-m 

r e s i s t i v i t y ,  i c e  depths somewhat deeper than the r ada r  depths were 

ca l cu la t ed .  However, reasonable assumptions f o r  r e s i s t i v i t y  of g l a c i e r  i c e  

a r e  d i f f i c u l t  to  make here due to unknown amounts of water and volcanic  

p a r t i c u l a t e s  i n  the i c e  which could r a d i c a l l y  a l t e r  a c t u a l  r e s i s t i v i t y  values.  



I n t e r i m  R e p o r t  on G e o l o g i c a l  Work a t  Ht. S p u r r ,  Alaska 

by 

C h r i s  topher  Nye 

Alaska D i v i s i o n  of Geolog ica l  and Geophys ica l  Surveys  

As p a r t  of a  c o l l a b o r a t i v e  U n i v e r s i t y  of Alaska Geophys ica l  I n s t i t u t e  

(UAGI) - Alaska D i v i s i o n  of G e o l o g i c a l  and Geophys ica l  Surveys  (ADGCS) 

i n v e s t i g a t i o n  of the  geo thermal  p o t e n t i a l  of t h e  M t .  Spur r  a r e a ,  ADCGS 

under took  a  g e o l o g i c a l  i n v e s t i g a t i o n  of t h e  v o l c a n i c  r o c k s  i n  t h e  M t .  Spurr  

a r e a .  The p r i n c i p a l  a ims of t h i s  i n v e s t i g a t i o n  were t o  d e s c r i b e  the  geology 

of t h e  vo lcano ,  t o  Look f o r  s u r f a c e  m a n i f e s t a t i o n s  of a geo thermal  sys tem and 

t o  determine whether o r  n o t  t h e r e  i s  an e x t e n s i v e  sha l low l e v e l  magma 

chamber. Such a  chamber, i f  i t  e x i s t e d ,  would p r o v i d e  l a r g e  q u a n t i t i e s  of 

h e a t  t o  the  upper c r u s t ,  and would probably  d r i v e  a  l a r g e  geo thermal  system. 

We r e c o g n i z e  f i v e  major vo lcano-s  t r a t i g r a p h i c  u n i t s  w i t h i n  t h e  M t .  Spurr  

a r e a .  The f i r s t ,  and o l d e s t ,  i s  a  s e t  of v o l c a n i c  remnants which d ip  r a d i a l l y  

outward ( q u a q u a v e r s a l l y )  from n e a r  t h e  p r e s e n t  p o s i t i o n  of t h e  M t .  S p u r r  

summit. These remnants a r e  composed of in te rbedded  lava  f lows  of d i v e r s e  

compos i t ion ,  t h i c k  p y r o c l a s t i c  f lows ,  and d i k e s  and s i l l s .  Based on t h e  

d e g r e e  of g l a c i a l  d i s s e c t i o n  we s u s p e c t  t h a t  they a r e  mid-P le i s tocene ,  and 

w i l l  conf i rm o r  c o r r e c t  t h i s  age  by measuring K - A r  ages .  K - A r  d a t i n g  i s  now 

i n  p r o g r e s s  a t  U A G I  on e i g h t  rock  samples from s e v e r a l  of t h e  major volcano- 

. . 
s t r a t i g r a p h i c  u n i t s  d i s c u s s e d  here .  

The second u n i t  i s  one of t h i n  in te rbedded  b a s a l t  f lows.  These f lows a r e  

exposed i n  e r o s i o n a l  remnants immediately e a s t  and w e s t  o f ,  and d i p  away from, 

C r a t e r  Peak. We b e l i e v e  t h a t .  t h e s e  flows a r e  from an  a n c e s t r a l  C r a t e r  Peak, 

a n d  t h a t  they were e r u p t e d  d u r i n g  the  e a r l y  Holocene. 



The t h i r d  u n i t  comprises  the b a s a l t  f lows of C r a t e r  Peak i t s e l f ,  which i s  

a  s m a l l  Holocene volcano u i t h  a  w e l l  d e f i n e d  summit c r a t e r  and c r a t e r  l ake .  

Both C r a t e r  Peak and the a n c e s t r a l  C r a t e r  Peak ( t h e  second u n i t )  c o n t a i n  many 

f lows  which a r e  p e t r o l o g i c a l l y  d i s t i n c t  from f lows of t h e  f i r s t  u n i t  because  

they  c o n t a i n  abundant p o l y c r y s t a l l i n e ,  monominerali 'c, c l i n o p y r o x e n e  c l o t s .  

The f o u r t h  u n i t  comprises  M t .  S p u r r  i t s e l f .  M t .  S p u r r  i s  a l s o  a  Holocene 

v e n t  which h a s  a  b reached ,  snow-f i l l e d  c r a t e r .  I t  i s  u s u a l l y  snow covered,  

b u t  we were a b l e  to c o l l e c t  a  few a n d e s i t e  o r  d a c i t e  samples  from a r e a s  which 

were  snow f r e e  because  t h e  snow had been melted o f f  by d i f f u s e  fumaro les .  

The f i f t h  u n i t  i s  a  t h i c k  s e r i e s  of p y r o c l a s t i c  f lows  and  minor l a v a  

f l o w s  which f i l l s  the Chakachatna R i v e r  v a l l e y .  T h i s  u n i t  was of i n t e r e s t  

because  we b e l i e v e d  t h a t  i t  cou ld  be r e l a t e d  t o  a  p o s t u l a t e d  c a l d e r a - f o r m i n g  

e r u p t i o n .  An a r e a  of hummocky t e r r a n e  immediately to  t h e  east may be a  d e b r i s  

a v a l a n c h e  d e p o s i t .  Th i s  d e p o s i t  i s  d i s c u s s e d  by Beget i n  a  s e p a r a t e  s e c t i o n  

of  t h i s  r e p o r t  ( s e e  F i g u r e  3 ) .  

Bas T h e r e  Been Recent C a l d e r a  C o l l a ~ s e ?  

We i n i t i a l l y  hypo thes ized  t h a t  a  l a r g e  shal low magma chamber e x i s t e d  

b e c a u s e  i t  seemed t h a t  !It. S p u r r  might  have undergone r e l a t i v e l y  r e c e n t  

c a l d e r a  c o l l a p s e .  Ca lde ra  c o l l a p s e  r e q u i r e s  a l a r g e  s h a l l o w  magma chamber t o  

d r i v e  t h e  e r u p t i o n ,  and t h e s e  chambers a r e  u s u a l l y  n o t  c o m p l e t e l y  empt ied  

d u r i n g  t h e  e r u p t i o n .  Evidence of a  c a l d e r a  c o l l a p s e  was s p a r s e  b e c a u s e  t h e t e  

. had n o t  y e t  been d e t a i l e d  g e o l o g i c a l  s t u d i e s  of t h e  v o l c a n o ,  b u t  i n c l u d e d  

1) p o s s i b l e  p resense  of remnants  of a v o l c a n i c  e d i f i c e  which appeared  t o  d i p  

r a d i a l l y  outward from the p r e s e n t  l o c a t i o n  of M t .  S p u r r ,  2 )  r e p o r t s  by USGS o f  

anomalously  t h i c k  i c e  i n  the  silrnrnit i c e  f i e l d ,  which cou ld  have been c a l d e r a  



f i l l ,  and 3 )  a n  e x t e n s i v e  p y r o c l a s t l s  a n d / o r  v o l c a n i c l a s t i c  b l a n k e t  i n  t h e  

Chakacha tna  R i v e r  v a l l e y  which  c o u l d  have  been  produced  by t h e  h y p o t h e s i z e d  

c a l d e r a - f o r m i n g  e r u p t i o n .  

We a r e  s t i l l  u n c e r t a i n  i f  t h e  q u a q u a v e r s a l  l y  d i p p i n g  f l o w s  r e q u i r e  

r e l a t i v e l y  r e c e n t  s e c t o r  o r  c a l d e r a  c o l l a p s e  of a n  a n c e s t r a l  M t .  S p u r r .  We 

h a v e  c o l l e c t e d  r o c k s  from t h e  uppe rmos t  p a r t  of t h i s  h y p o t h e s i z e d  e d i f i c e  f o r  

K / A r  d a t i n g .  I f  t h e  K / A ~  a g e s  a r e  unmeasu rab ly  young,  t hen  some v i o l e n t  

e v i s c e r a t i o n  of a n  a n c e s t r a l  v o l c a n o  mus t  have  t a k e n  p l a c e .  However, we do 

n o t  a n t i c i p a t e  t h a t  t h e s e  r o c k s  w i l l  b e  t h a t  young. The d e g r e e  o f  g l a c i a l  

d i s s e c t i o n  of t h e  h y p o t h e s i z e d  c a l d e r a  r i m  ( p a r t i c u l a r l y  by t h e  Capps and  

S t r a i g h t  Creek  g l a c i e r s )  s u g g e s t s  t h a t  t h e  q u a q u a v e r s a l l y  d i p p i n g  f l o w s  a r e  

m i d - P l e i s t o c e n e ,  and hence  too  o l d  t o  be  a s s o c i a t e d  w i t h  a modern, c a l d e r a -  

r e l a t e d  h y d r o  t h e r m a l  s y s  tern. 

UAGI g e o p h y s i c a l  e f f o r t s  were  u n a b l e  t o  c o n f i r m  t h e  USGS r e p o r t s  o f  

anoma lous  i c e  t h i c k n e s s  i n  t h e  summit i c e  f i e l d .  T h i s ,  a l o n g  w i t h  t h e  l a t e s t  

d e t a i l e d  USGS compu te r  model ing   ail March, p e r s o n a  1 conmunica t i o n )  o f  t h e  

l o c a l  s u b g l a c i a l  t o p o g r a p h y ,  makes i t  seem u n l i k e l y  t h a t  t h e r e  i s  a  l a r g e  i c e -  

f i l l e d  c a l d e r a  i n  t h e  summit r e g i o n .  

T h e r e  is  a 1 0 0 0 - f o o t  t h i c k  u n i t  composed of v o l c a n i c l a s t i c  f l o w s  w i t h  a 

few i n t e r b e d d e d  l a v a  f l o w s  and a v a l a n c h e  d e p o s i t s  which f i 11s t h e  C h a k a c h a t n a  

R i v e r  v a l l e y  s o u t h  of C r a t e r  Peak.  B e c a u s e  t h e s e  f l o w s  f i l l  what  i s  o t h e r w i s e  

a  m a j o r ,  d e e p l y  g l a c i a l l y  s c o u r e d  v a l l e y ,  w e  s u s p e c t  t h a t  t h e y  a r e  p o s t -  

. . 
P l e i s t o c e n e .  However, t h e s e  d e p o s i t s  a r e  n o t  c h a r a c t e r i s t i c  of t h o s e  p r o d u c e d  

d u r i n g  c a l d e r a  c o l l a p s e .  R a t h e r  t h a n  b e i n g  a  s i n g l e ,  homogeneous d e p o s i t ,  

t h i s  u n i t  i s  composed of many d i s c r e t e  f l o w s  which  d i f f e r  from e a c h  o t h e r  i n  

mode of emplacement  a s  w e l l  a s  c o m p o s i t i o n .  The dominant  l i t h o l o g y  i s  b l o c k  

and  a s h  f l o w s  which  a r e  u s u a l l y  o n l y  a  few m e t e r s ,  o r  a f e u  t e n s  of n e t e r s  



t h i c k ,  a l t h o u g h  t h e  v a l l e y  s o u t h  of C r a t e r  Peak e x p o s e s  a  flow s e v e r a l  t e n s  of  

me te r s  t h i c k .  B locks  i n  t h e s e  f lows o f t e n  have t h e  l a r g e  p o l y c r y s t a l l i n e  

c l i n o p y r o x e n e  c l o t s  which a r e  c h a r a c t e r i s t i c  of C r a t e r  Peak l a v a s ,  b u t  a r e  n o t  

c h a r a c t e r i s  t i c  of l a v a s  from t h e  o l d  q u a q u a v e r s a l l y  d i p p i n g  remnants .  Some o f  

t h e  f lows  a r e  s u b g l a c i a l  h y a l o c l a s t i t e s ,  which s u g g e s t s  t h a t  t h e  whole u n i t  

was d e p o s i t e d  o v e r  a  s i g n i f i c a n t  time s p a n ,  a s  t h e  g l a c i e r s  must have been  a t  

d i f f e r e n t  s t a g e s  of a d v a n c e  d u r i n g  d i f f e r e n t  t i m e s  of  d e p o s i t i o n .  

T h i s  u n i t  d o e s  n o t  have  t h e  homogeneous n a t u r e  of a  c a l d e r a - f o r m i n g  

d e p o s i t .  I t  i s  a l s o  m o s t l y  composed of j u v e n i l e  magma; i t  i s  n o t  composed of  

t h e  r e -  t r a n s p o r t e d  a v a l a n c h e  d e b r i s  t h a t  would be e x p e c t e d  i f  i t  was p roduced  

d u r i n g  s e c t o r  c o l l a p s e .  We e x p e c t  t h a t  t h i s  u n i t  i s  a  d i s t a l  p y r o c l a s t i c  

a p r o n  t h a t  was p roduced  d u r i n g  the  f o r m a t i o n  o f  C r a t e r  Peak  o r  t h e  a n c e s t r a l  

C r a t e r  Peak. 

S u r f  ace Geothermal b n i f  e s  ta tions 

S u r f a c e  g e o t h e r m a l  m a n i f e s t a t i o n s  were  more a b u n d a n t  t h a n  w e  had 

a n t i c i p a t e d .  T h e r e  i s  a  k i l o m e t e r - l o n g  zone of  warm s p r i n g s  i n  t h e  bot tom o f  

t h e  v a l l e y  i m m e d i a t e l y  s o u t h  of C r a t e r  Peak.  We sampled 4 0 ° c  w a t e r  from a  

s e e p  i n  t h e  e a s t e r n  w a l l  of t h e  canyon,  b u t  have  n o t  y e t  a n a l y z e d  t h e  

sample.  Most of  t h e  s p r i n g s  a r e  i n  t h e  v a l l e y  bot tom and a r e  e x t e n s i v e l y  

d i l u t e d  w i t h  stream w a t e r .  T o t a l  warm w a t e r  f l ow f o r  t h e  e n t i r e  v a l l e y  bo t tom 

i s  p r o b a b l y  on t h e  o r d e r  of a  thousand l i t e r s  p e r  minu te .  

We were  aware  t h a t  C r a t e r  Peak c r a t e r  c o n t a i n e d  f u m a r o l e s ,  b u t  were  

s u r p r i s e d  t o  f i n d  t h a t  t h e r e  i s  a l s o  f u m a r o l i c  a c t i v i t y  on M t .  S p u r r .  A t  the 

1 0 , 0 0 0 - f o o t  l e v e l  on M t .  S p u r r  t h e r e  a r e  e x t e n s i v e  a r e a s  of s t eaming  ground 

t h a t  a r e  p r o b a b l y  a t  t h e  p r e s s u r e  b o i l i n g  p o i n t .  



Three mi les  n o r t h e a s t  of !It. S p u r r ,  a t  abou t  the  9 , 5 0 0 - f o o t  l e v e l ,  we saw 

a -  i c e  cave wi th  i c i c l e s  hanging from the  mouth. Snow does  n o t  mel t  a t  t h a t  

a 1 t i t u d e  so the  i c i c l e s  i n d i c a t e  geothermal a c t i v i t y  benea th  the  i c e .  We were 

u2aSle  to land the  h e l i c o p t e r  a t  the  cave. 

With the  e x c e p t i o n  of the  C r a t e r  Peak fumaro les ,  a l l  s u r f a c e  geothermal 

u n i f  e s t a t i o n s  were unexpected.  Geothermal a c t i v i t y  i n d i c a t e s  a  n o r t h - s o u t h  

zone of h o t  ground from s o u t h  of C r a t e r  Peak t o  n o r t h  of H t .  Spur r .  There i s  

thus  e x c e l l e n t  p o t e n t i a l  f o r  a  s u b s t a n t i a l  geothermal  r e s o u r c e  i n  the a r e a ,  

b a t  most of i t  may be covered w i t h  i c e .  



Pos  tglacial  T e p h r o c h r o n o  l o g y  and V o l c a n i c  H i s  t o r y  
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D e p a r t m e n t  of Geology and G e o p h y s i c s  

U n i v e r s i t y  of A l a s k a - F a i r b a n k s  

A b s t r a c t  

P r e l i m i n a r y  f i e l d w o r k  s u g g e s t s  t h a t  t e p h r a  d e p o s i t s  f rom e r u p t i o n s  of  

t h r e e  v o l c a n o e s  a r e  p r e s e n t  on t h e  f l a n k s  of M t .  S p u r r .  The o l d e s t  t e p h r a s  

a p p e a r  t o  have o r i g i n a t e d  a t  t h e  M t .  Hayes v o l c a n o  t o  t h e  n o r t h e a s t .  Younger 

d e p o s i t s  c o n s i s t i n g  of f i n e  pumice l a p i l l i  and a s h  may have  been  p roduced  a t  

l a r g e  e r u p t i o n s  of M t .  Redoubt  t o  t h e  s o u t h w e s t .  S t i l l  y o u n g e r  t e p h r a  

d e p o s i t s  r e c o r d  e r u p t i o n s  o f  M t .  S p u r r .  Cross-bedded s u r g e  d e p o s i t s  p r e s e r v e d  

o n  t h e  s o u t h  s i d e  of t h e  v o l c a n o ,  t o g e t h e r  w i t h  a  voluminous  r o c k f a l l -  

a v a l a n c h e  and p y r o c l a s t i c  f l ow  d e p o s i t s  p r e s e r v e d  a l o n g  t h e  Chakacha tna  R i v e r  

may r e c o r d  a  r e c e n t  e r u p t i o n  s imilar  t o  t h e  1980 M t .  S t .  H e l e n s  e v e n t .  

I n t r o d u c t i o n  

A l l  l a r g e  h i g h - t e m p e r a t u r e  g e o t h e r m a l  sys t ems  known i n  t h e  w o r l d  a r e  

a s s o c i a t e d  w i t h  a c t i v e  v o l c a n i c  s y s t e m s .  Dur ing  l a t e  J u l y ,  1 9 8 5 ,  I made a  

r e c o n n a i s s a n c e .  su rvey  of t e p h r a  d e p o s i t s  ( v o l c a n i c  a s h  and p y r o c l a s t i c  f l o w s )  

p r e s e r v e d  on t h e  f l a n k s  o f  M t .  S p u r r ,  t o  e s t i m a t e  t h e  number and  s i z e  o f  

H o l o c e n e  e r u p t i v e  e v e n t s  a t  t h e  v o l c a n o .  O t h e r  t han  t h e  1953 e r u p t i o n  of 



C r a t e r  Peak ,  a  smal l  p a r a s i t i c  c r a t e r  on t h e  s o u t h  shou lder  of Y t .  S p u r r ,  

v i r t u a l l y  n o t h i n g  i s  known about  the  v o l c a n i c  h i s t o r y  of t h i s  vo lcano .  

Reconna i ssance  was accomplished i n  f o u r  days of h e l i c o p t e r - s u p p o r t e d  

f i e l d  work. 

Tephra  S t r a t i g r a p h y  

Approximately  2 0 * s o i l  s e c t i o n s  were d e s c r i b e d ,  measured, and sampled f o r  

t e p h r a  and 14c d a t i n g .  A l l  s e c t i o n s  were on t h e  s o u t h  and e a s t  f l a n k s  of t h e  

vo lcano .  Composite proximal and d i s t a l  t e p h r a  s e c t i o n s  a r e  shown i n  

F i g u r e  2 .  Two f i n e - g r a i n e d  t e p h r a s  were p r e s e n t  i n  both proximal  and d i s t a l  

s e c t i o n s .  They d id  n o t  c o a r s e n  o r  t h i c k e n  i n  s e c t i o n s  c l o s e s t  t o  M t .  S p u r r ,  

i n d i c a t i n g  they o r i g i n a t e d  a t  o t h e r  v o l c a n o e s .  Based on s e p a r a t e  s u r v e y s  by 

t h i s  a u t h o r ,  the  lower t ephra  i s  t e n t a t i v e l y  c o r r e l a t e d  w i t h  Hayes R i v e r  

t e p h r a ,  e r u p t e d  ca .  3600 y r  B.P. (J. R i e h l e ,  p e r s o n a l  communicat ion) .  The 

upper r e g i o n a l  t ephra  i s  thought  t o  o r i g i n a t e  a t  M t .  Redoubt ( ~ e g e t ,  

unpubl i shed  mapping).  Labora to ry  work i s  c u r r e n t l y  p roceed ing  t o  e s t a b l i s h  

t h i s  c o r r e l a t i o n .  

T h i c k  a s h  and p y r o c l a s t i c  d e p o s i t s  from M t .  Spurr  o c c u r r e d  above t h e  

r e g i o n a l  t e p h r a s  i n  s e c t i o n s  on t h e  s o u t h  s i d e  of M t .  S p u r r .  These d e p o s i t s  

l o c a l l y  c o n s i s t e d  of c o a r s e  p y r o c l a s t i c  d e p o s i t s  which c o n t a i n e d  abundan t  

e x o t i c  b l o c k s ,  o v e r l a i n  by f i n e - g r a i n e d  s u r g e  d e p o s i t s ,  i n  t u r n  o v e r l a i n  by 

. . 
p y r o c l a s t i c  f lows.  I n  many s e c t i o n s  on ly  one o r  two p a r t s  of t h e  t e p h r a  p i l e  

were p r e s e n t .  The c ross -bedd ing  i n  t h e  s u r g e  d e p o s i t s  was o n l y  c l e a r l y  

exposed i n  two l o c a l i t i e s ,  however c o r r e l a t i v e ( ? )  f i n e  a s h  d e p o s i t s  mantled 

r i d g e s  and s l o p e s  on a l l  s l o p e s  s o u t h  of t h e  volcano to a  d i s t a n c e  of 10-15 km 

from t h e  ~ o d e r n  cone. 
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F i g u r e  2 .  D i s t a l  s o i l  s e c t i o n s  found from 10-30 km from M t .  S p u r r .  P r o x i m a l  
s o i l  s e c t i o n s  occur  on s o u t h  f l a n k  be tween M t .  S p u r r  and 
C h a k a c h a t n a  R i v e r ,  some 4-10 km from t-ft. S p u r r .  



A p o s s i b l y  c o r r e l a t i v e  r o c k f a l l - a v a l a n c h e  d e p o s i t  e x t e n d s  approximately  

L L  'm down the  Chakachatna River  v a l l e y .  The d e b r i s  a v a l a n c h e  c o n t a i n s  nany 

c o h e r e n t  b locks  of Lava, v i s i b l e  on topograph ic  maps a s  l o c a l  k n o l l s  

( P i g u r e  3 ) .  In  exposures  a l o n g  the  Chakachatna R i v e r ,  t h e s e  b locks  a r e  seen  

t o  be r o t a t e d  and f r a c t u r e d .  The b locks  l i e  i n  l e s s  c o h e r e n t  h e t e r o l i t h i c  

v o l c a n i c  d e b r i s ,  i n c l u d i n g  much h y d r o t h e r m a l l y - a l t e r e d  m a t e r i a l .  P y r o c l a s t i c  

f l o w s  a r e  l o c a l l y  p r e s e r v e d  on the  ava lanche  s u r f a c e .  The base  of the  

r o c k f a l l - a v a l a n c h e  was n o t  exposed anywhere a l o n g  t h e  Chakachatna River ,  which 

h a s  c u t  down over  100 m i n t o  t h e  d e p o s i t .  The d e p o s i t  c o v e r s  a b o u t  30 kmL. 

3 I t s  minimum volume is 3 km . 

The r e c o n n a i s s a n c e  t e p h r a  survey s u g g e s t s  M t .  Spur r  e r u p t e d  d a c i t e  tephra  

and p y r o c l a s t i c  f lows w i t h i n  t h e  l a s t  few thousand y e a r s .  I t  i s  p o s s i b l e  t h e  

d e b r i s  ava lanche  d e p o s i t ,  s u r g e ,  and p y r o c l a s t i c  flow d e p o s i t s  a t  M t .  Spurr  

r ecord  a  v o l c a n i c  e r u p t i o n  s i m i l a r  t o  the  1980 e r u p t i o n  of M t .  S t .  Helens. 

G e o l o g i c a l  ev idence  of l a r g e  r e c e n t  e r u p t i o n s  s u g g e s t  M t .  S p u r r  i s  s t i l l  

a c t i v e ,  and may be a  v i a b l e  geothermal  t a r g e t .  

Future Work 

A d d i t i o n a l  s t u d y  i s  needed t o  determine t h e  age  of t h e  l a s t  major 

e r u p t i o n  of M t .  S p u r r .  F u r t h e r  reconna i ssance  on t h e  e a s t  and n o r t h  s i d e s  o f  

t h e  volcano would be u s e f u l  i n  i d e n t i f y i n g  t e p h r a  f a l l s  from e r u p t i o n s  which 

occur red  on those  s i d e s  of the  vo lcano ,  o r  which were d i r e c t e d  away from t h e  

s o u t h  f l a n k  by p r e v a i l i n g  winds. 
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Southwest corner Tyonek (0-6) Quad. Alaska I 
EXPLANATION 

H > 4 X Standard Deviation M > 20 X Background 

H > 3-4 X Standard Deviation M >, 16 X Background 

H > 2-3 X Standard Deviation M >, 8 X Background 

CSAMT STATION 14 

PLATE 3: 

SELF - POTENTIAL SURVEY 
M I L E S  I 



T a b l e  . C h e m i c a l  a n a l y s e s  o f  w a t e r s  c o l l e c t e d  f r o m  
M t  S p u r r  h o t  s p r i n g s ,  1985'. 

( C o n c e n t r a t i o n s  i n  mg/1  u n l e s s  o t h e r w i s e  s p e c i f i e d ) .  

S a m p l e  

C a t i o n s  
Na 

K 
Ca 
M!3 
L i 
S r  
C s  

N H 4  

A n i o n s  
H C O J  

so4 
F  

C 1  
B r  
I 

B a l a n c e  X C  

T D S ~  
T, O C  

P H 
6 '  0' 

6 D' 
D a t e  

a )  A l a s k a  D i v i s i o n  o f  G e o l o g i c a l  a n d  G e o p h y s i c a l  S u r v e y s ,  
F a i r b a n k s ,  M. A .  Moorman, S. A .  L i s s  a n d  R. J .  Motyka ,  a n a l y s t s .  
b )  D e t e r m i n e d  i n  t h e  f i e l d .  
C )  Computed  f r o m  % (  C - A ) / ( C  + A )  w h e r e  C a n d  A a r e  t h e  t o t a l  
c a t i o n s  a n d  a n i o n s  i n  r n i l l i e q u i v a l e n t s / l i  t e r ,  r e s p e c t i v e l y .  
d) C a l c u l a t e d .  
e )  V a l u e s  w i t h  r e s p e c t  t o  s t a n d a r d  mean o c e a n  w a t e r  ( SHOW). 



T a b l e  A n e l y s i e  o f  #es*s f r o m  Cumarola l o c a t e d  on  r l m  o f  s c t l v e  c r a t e r  
M t .  S p u r r ,  A leske .  A n a l y e l s  i n  mola p a r  c e n t .  

De te  samp led  Ig' C02 H2 3 H2 CHI N2 A r HZ/ A r  C/ s 
------------------------------------------------------------------------------.------------------------- 

8-01-83 2. 129 9 5 .  621 0. 781 0. 218 2. 81E-02 3. 2 7 6  0 . 0 4 1  75. 0 122.5 

Gas g e o t h e r m o m t e r  o f  0'  Amore and P a n l c h i  

P. COZ 1. 0 b a r  0. 5 b a r s  
- - - - - - - - -  ---------------..-.. 
1. C 2 15 1 9 5  

T a b l e  C e o t h e r m o m e t r y  of M t .  S p u r r  h o t  s p r ~ n g s  

< - - - - - - - - - - - - - - - -  S i l i c a  G e o t h l r m o  m e t e r s - - - - - - - - - )  
( - - - - - - - - - - ~ , ,~ , . t~ - - - - - - - - - - ,  c - - - - - C h a l c e d o n y - - - - >  

c - C o n d u c t i v e - >  c - - A d i a b a t i c - )  C o n d u c t  A d i a b  C r i s t o b a l i t e  

P o u r n  A r n o r  P o u r n  A r n o r  P o u r n  c - - A r n o r s m o n - )  A m o r p h  A l p h a  Beta 

< - - - - - - - - - - - - - - - - - - -  C a t i o n  

< -----Sodium-Potaaaiun------> 
c - A r n o r a 8 0 n - -  >. 

P o u r n  T r u e s  N b r  I N b r  2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
3 2 5  3 3 8  3 3 1  3 1 3  

G e  o t h a r m o  rn e t e  r s - - - - - - - - - - - - - - )  

P o u r n i  e r '  s F o u i l l a c - M i c h a r d  
Ma-R-Ca ttg c o r r  S o d i  urn-LI t h i  urn C i  g g o n b a c h  

4 1 3  1 / 3  H a - K - C a  Lo S a l t  H i  S a l t  R-nS 


