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ABSTRACT 

Volcanism on Akutan I s l a n d ,  i n  t h e  e a s t e r n  A l e u t i a n  Arc,  i s  
c h a r a c t e r i z e d  by t h o l e i i t i c  l a v a s  rang ing  between 46 and 63 w t  p e r c e n t  SiO 
w i t h  FeO*/MgO r a t i o s  between 1 .3  and 4.2. Olivine-augite-plagioclase basal%'s 
were found a t  Lava Peak,  w h i l e  t h e  remaining f l o w s  and d i k e s  on t h e  i s l a n d  
c o n s i s t  of hypers thene-augi te -p lag ioc lase  b a s a l t s  and a n d e s i t e s .  The Lava 
Peak b a s a l t s  had < 2 3  ppm Rb and >400 ppm S r ,  w h i l e  t h e  o t h e r  l a v a s  sampled 
had h i g h e r  c o n c e n t r a t i o n s  of Rb and lower c o n c e n t r a t i o n s  of Sr .  K-Ar whole- 
rock  d a t e s  of l a v a  f l o w s  and d i k e s  i n d i c a t e  t h a t  t h e y  e r u p t e d  between 1.5 and 
1 . 1  m.y. ago.  C l inopyroxene ,  or thopyroxene,  and o l i v i n e  composi t ions  a r e  
uniform a c r o s s  t h e  i s l a n d ,  and average Ca Fe S i  0 Fe Si03,  and 45Mg42 1.7 2  6' Mg66 34 
Mg Fe S i  0 , r e s p e c t i v e l y .  P l a g i o c l a s e  compositions v a r y  between An and 
~ n ' ~  w%h %ke more c a l c i c  p l a g i o c l a s e  be ing  r e s t r i c t e d  t o  t h e  Lava ?~?ak 

5 1 b a s a l t s .  The chemica l  t r e n d s  seen  i n  Akutan l a v a s  a r e  c o n s i s t a n t  w i t h  t h e  
sha l low- leve l  f r a c t i o n a t i o n  of o l i v i n e ,  p l a g i o c l a s e ,  and c l inopyroxene  from a  
p a r e n t a l  l i q u i d ,  and t h e  subsequent  e r u p t i o n  of magmas from d i f f e r e n t  l e v e l s  
of a  zoned magma chamber. 
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INTRODUCTION 

Purpose and Scope 

The purpose  of t h i s  s t u d y  i s  t o  c h a r a c t e r i z e  t h e  mineralogy,  p e t r o l o g y ,  
and geochemist ry  o f  t h e  v o l c a n i c  rocks  exposed on n o r t h e r n  Akutan I s l a n d .  
L i t t l e  i s  known about  t h e  p e t r o l o g y  of vo lcanoes  i n  t h e  e a s t e r n  A l e u t i a n  a r c ,  
and t h i s  s t u d y  w i l l  h e l p  f i l l  t h e  gap i n  o u r  knowledge of t h i s  r eg ion .  

' ~ e ~ a r t m e n t  of Geology, C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  New York 14853. 
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Geographic S e t t i n g  

Akutan I s l a n d  i s  l o c a t e d  i n  t h e  e a s t e r n  A l e u t i a n  c h a i n  a t  54" 05'  
l a t i t u d e  and 165" 5 5 '  l o n g i t u d e ,  about  45 km n o r t h e a s t  of Unalaska I s l a n d  
( f i g .  1 )  Commercial a c c e s s  t o  Akutan I s l a n d  i s  l i m i t e d  t o  a i r  s e r v i c e  by 
Grumman Goose and b o a t  c h a r t e r ,  o u t  of Dutch Harbor on Unalaska I s l a n d  t o  
Akutan V i l l a g e .  

The i s l a n d  is  29 km l o n g ,  21 km wide,  and o r i e n t e d  roughly  eas t -west  
( f i g .  2 ) .  It i s  dominated by Akutan Volcano, a  1 ,304 m h i g h  composi te  
vo lcano .  C e n t r a l  and e a s t e r n  Akutan I s l a n d  c o n s i s t  of s t e e p  r i d g e s  
s e p a r a t i n g  g l a c i a l l y  scoured  v a l l e y s  which r a d i a t e  away f rom p r e s e n t l y  a c t i v e  
Akutan Volcano. Western Akutan h a s  a  g e n t l e  topography d i s s e c t e d  by s t reams  
f l o w i n g  o f f  t h e  west  f l a n k s  o f  t h e  volcano.  

The summit of Akutan Volcano c o n t a i n s  a  2 km wide c a l d e r a ,  which may 
have been  formed w i t h i n  t h e  l a s t  500 y r  (Byers and B a r t h ,  1953) .  Within  t h e  
c a l d e r a  i s  a  c i n d e r  cone,  which e x i s t e d  p r i o r  t o  1931 (F inch ,  1935) ,  and a  
s m a l l  l a k e .  The c a l d e r a  i s  breached  on t h e  n o r t h  s i d e .  Northwest  of t h e  
v o l c a n o  a r e  two smal l  e r u p t i v e  c e n t e r s :  an  o l d  eroded v o l c a n i c  c e n t e r  con- 
s i s t i n g  p r i m a r i l y  of l a v a  f l o w s ,  and a  c i n d e r  cone w i t h  two l a v a  f lows  which 
e r u p t e d  sometime b e f o r e  1870 (Byers and Bar th ,  1953).  

P rev ious  Work 

R.H.  Finch conducted t h e  f i r s t  s c i e n t i f i c  e x p l o r a t i o n  o f  t h e  i s l a n d  i n  
1931. He was a  member of t h e  U.S. Geolog ica l  S u r v e y ' s  (USGS) Volcanology 
s e c t i o n  conduct ing s t u d i e s  of t h e  A l e u t i a n  vo lcanoes  i n  p r e p a r a t i o n  f o r  t h e  
e s t a b l i s h m e n t  of a  vo lcano  o b s e r v a t i o n  p o s t .  Akutan I s l a n d  was examined 
because  i t s  f r e q u e n t  e r u p t i v e  a c t i v i t y  and r e l a t i v e  a c c e s s i b i l i t y  made i t  a  
conven ien t  p l a c e  f o r  o b s e r v a t i o n .  The r e s u l t  of F i n c h ' s  (1935) s t u d y  was a  
b r i e f  d e s c r i p t i o n  of t h e  geology and a  topograph ic  s k e t c h  o f  t h e  i s l a n d .  
F inch  n o t e d  t h a t  D r .  T.A. J a g g a r  had v i s i t e d  t h e  i s l a n d  i n  1907 and 1927 and 
had made some c o r r e l a t i o n s  between t h e  sedimentary  u n i t s  on Akutan and t h o s e  
on t h e  Alaska P e n i n s u l a ,  b u t  n o t h i n g  was pub l i shed  r e g a r d i n g  t h a t  c o r r e l a -  
t i o n .  

Byers and Bar th  (USGS) conducted f i e l d  work on Akutan I s l a n d  i n  1948 a s  
p a r t  o f  t h e  USGS s t u d y  of t h e  A l e u t i a n  I s l a n d s  a f t e r  World War 11, b u t  no 
o f f i c i a l  r e p o r t  was i s s u e d .  T h e i r  g e o l o g i c  map of Akutan I s l a n d ,  (un- 
p u b l i s h e d )  was o b t a i n e d  from t h e  USGS a r c h i v e s ,  i n  Menlo P a r k ,  by R.  Motyka 
of t h e  Alaska D i v i s i o n  of G e o l o g i c a l  and Geophysical  Surveys  (DGGS). Byers 
and B a r t h  (1953) d i s c u s s e d  t h e  r e c e n t  1947 and 1948 e r u p t i o n s  on Akutan 
I s l a n d ,  b u t  n o t  p a s t  v o l c a n i c  a c t i v i t y ,  o r  geology, of t h e  i s l a n d .  

P e r f i t  and Kay d i d  some reconna i ssance  mapping and sampling of t h e  
i s l a n d  i n  1974 and t h e  i n i t i a l  r e s u l t s  were p r e s e n t e d  by P e r f i t  (1978).  
Motyka and o t h e r s  (1981) p rov ided  a b r i e f  d e s c r i p t i o n  of Akutan geology,  b u t  
emphasized t h e  geothermal  r e s o u r c e s  of t h e  i s l a n d .  P e r f i t  and Gust (1981) 
p u b l i s h e d  some i s o t o p e  and microprobe a n a l y s e s  of samples from Akutan I s l a n d ,  
and d i s c u s s e d  how t h e i r  r e s u l t s  r e l a t e d  t o  t h o s e  of o t h e r  A l e u t i a n  I s l a n d s .  
McCulloch and P e r f i t  (1981) p u b l i s h e d  i s o t o p e  and r a r e  e a r t h  e lement  (REE) 



data for Akutan lavas and used the data to develop constraints for magma 
genesis in the Aleutian Islands. 

General Geology 

Figure 2 is a copy of the general geology of Akutan Island adapted from 
Byers and Barth (unpublished map) and slightly modified by Romick and Swanson 
(in preparation). Akutan Island consists of interbedded lava flows and 
volcaniclastic deposits overlain in places by younger volcanic deposits as- 
sociated with Akutan Volcano. The interbedded flows and volcaniclastic 
material represent older deposits principally exposed on central and eastern 
Akutan Island. Some of the older rocks are slightly to moderately altered 
and contain secondary chlorite and carbonate, while the younger volcanics are 
largely unaltered. 

The older rocks can be divided into two units: the lower unit consists 
of at least 700 m of volcaniclastic deposits with interbedded flows and 
sills, while the upper unit is dominated by basaltic to andesitic flows with 
lesser amounts of interbedded volcaniclastic deposits (Motyka and others, 
1 9 8 1 ) .  

The older lavas are exposed in glacial valleys whose bottoms are filled 
with alluvium, stream sediments, and in at lease one case, volcanic debris 
flow deposits. Exposures along the coast indicate that sea level was con- 
siderably lower when the valleys formed than at the present time. Valley 
walls can be traced down below present sea level. Black (1974 )  indicated 
that deglaciation occurred at 8400 years ago for Umnak Island. Akutan Island 
is about 160 kilometers from Umnak Island. Considering the proximity of 
Akutan Island to Umnak, it seems reasonable to assume that deglaciation 
occurred on Akutan at roughly the same time. Landsat images of Akutan show 
that the radial glacial valleys on the island were carved prior to the 
formation of present Akutan Volcano. 

Associated with the older rocks, are numerous dikes, concentrated in Hot 
Springs Bay, which decrease in abundance eastward. Dikes located around Hot 
Springs Bay Valley strike north-west. Those located to the west of Hot 
Springs Bay Valley are generally oriented northeast, but dike orientations 
span 180 degrees. Gabbroic intrusions are associated with the older volcanic 
complex. A large sill in Sandy Cove is exposed over approximately 150 m 
while a smaller intrusion is exposed in the cliff on the west side of Hot 
Springs Bay. The orientation and arrangement of several linear intrusions, 
exposed south of Open Bight, (fig. 2) suggests that they may be ring dikes 
associated with an older caldera system. Dip measurements on the map 
prepared by Byers and Barth (unpublished) also suggest an older center of 
volcanic activity near Open Bight (fig. 2 ) .  

On northwestern Akutan Island is a 594 m high ridge, here called Lava 
Peak, where at least 19 flows and 7 dikes are exposed. The flows are sepa- 
rated into two groups by an unconformity (fig. 3). Eleven almost flat-lying 
flows are overlain by at least 8 flows which have a 24' apparent dip to the 
west. 



Samples were c o l l e c t e d  from a  s e c t i o n  about 690 m t h i ck .  East  of t he  
peak i s  a  h igh ly  baked, oxidized,  au tob recc i a t ed  zone which i s  c h a r a c t e r i s t i c  
of vo lcan ic  v e n t s  and has been i n t e r p r e t e d  t o  be the  core of an eroded vol-  
can ic  c e n t e r .  

The d ikes  which in t rude  these rocks a r e  only exposed on the  n o r t h  s i d e  
of t he  r i d g e ,  and s t r i k e  i n  a  nor thwes ter ly  d i r e c t i o n .  A l a rge  d ike ,  exposed 
e a s t  of t h e  f lows,  i n t r u d e s  the  lower 11 l a v a  flows but  i s  t runca ted  by t h e  
upper sequence of flows. The dike i s  t h e  backbone of the  r idge  t o  t h e  e a s t  
of t he  f lows and may have been a  feeder  d ike  from Akutan Volcano dur ing  an 
o lde r  pe r iod  of volcanism. 

South of Lava Peak a r e  s eve ra l  f lows which a r e  s t r a t i g r a p h i c a l l y  lower 
than the  Lava Peak rocks,  and a r e  mantled by recent  tephra d e p o s i t s  from 
Aku t a n  Volcano. 

North of Lava Peak i s  a  c inder  cone and two l ava  flows which probably 
formed be fo re  1870 (Byers and Rarth,  1953). Byers and Barth noted t h a t  t he  
Kussians made no mention of the cone o r  a s s o c i a t e d  flows during t h e i r  v i s i t  
t o  t h e  i s l a n d  i n  t h e  18701s,  and suggested t h a t  t h e  e rup t ive  a c t i v i t y  occur- 
red p r i o r  t o  t h e i r  v i s i t .  Simkin and o t h e r s  (1981) l i s t  an e rup t ion  on t h e  
northwest f l a n k  of t h e  volcano i n  1855 which may mark the  e rup t ion  of t h e  
Lava Poin t  cone and flows. The cone i s  approximately 250 m high and 600 m 
ac ros s .  The flow i s  about 4 km2 i n  a r e a ,  and forms Lava Point  ( f i g .  2 ) .  

Recent d e p o s i t s  inc lude  flows from 1947 and 1948 e rup t ions ,  which d i d  
not  l eave  t h e  summit, and the  1978 l a v a  f low which almost reached t h e  n o r t h  
coas t .  The l a v a  flow followed two s t ream dra inages  down the  no r th  f l a n k  of 
the  volcano and came t o  wi th in  1  km of t h e  c o a s t .  Ash e rup t ions  i n t e r s p e r s e d  
wi th  t h e s e  f lows mantle  some of t h e  d e p o s i t s  on western Akutan I s l a n d ,  and 
reached Akutan Vi l l age  on the e a s t  s i d e  of t h e  i s l a n d  (Finch, 1935; Byers and 
Barth,  1953). Volcanic a c t i v i t y ,  documented on Akutan I s l and  s i n c e  1790, i s  
l i s t e d  i n  t a b l e  1. 

PETROLOGY 

D i s t r i b u t i o n  

Igneous rocks on Akutan Is land  c o n s i s t  of o l d e r  rocks exposed a t  Lava 
Peak and on t h e  c e n t r a l  and e a s t e r n  p a r t  of t h e  i s l a n d ,  and younger rocks  
a s s o c i a t e d  w i t h  Akutan Volcano, exposed on t h e  western s i d e  of t h e  i s l a n d .  
Figure 2  shows t h e  l o c a t i o n s  of samples c o l l e c t e d  from Akutan. The fo l lowing  
d i scuss ion  w i l l  d e sc r ibe  the petrology of t h e  flows and d ikes  from which 
these  samples were c o l l e c t e d .  

Western Akutan Is land  

Lava Peak Flows 

The lower s e c t i o n  c o n s i s t s  of 11 f lows ranging from 1 .7  t o  12 m 
t h i ck .  The b a s a l  flow is  the  t h i c k e s t  flow exposed. Going up t h e  s e c t i o n  
the  flows t h i n  and then  thicken again.  Seve ra l  flows have baked b recc i a t ed  



upper zones, which grade downward i n t o  v e s i c u l a r  rock.  A l l  11 flows con ta in  
p l ag ioc l a se ,  o l i v i n e ,  and clinopyroxene phenocrysts  i n  a  f ine-grained holo- 
c r y s t a l l i n e  groundmass cons i s t i ng  of p l a g i o c l a s e ,  t i t anomagnet i te ,  a u g i t e ,  
and occas iona l ly  o l i v i n e  ( t a b l e  2 ) .  The rocks a r e  f r e s h  and genera l ly  un- 
a l t e r e d ,  a l though some of the  mafic minerals  have ox ida t ion  s t a i n s .  

Figure 4 shows the  mineralogic  changes t h a t  occur  going up the  sec t ion .  
Both o l i v i n e  and clinopyroxene decrease i n  abundance going up the  sec t ion .  
The r a t i o  of mafic  phenocrysts  t o  t o t a l  phenocrysts  decreases  going up t h e  
sec t ion .  There i s  a  gene ra l  decrease i n  t h e  number of very  l a r g e  (3 t o  7 mm) 
clinopyroxene phenocrysts  up the s e c t i o n ,  a s  w e l l  a s  a  decrease  i n  the  over- 
a l l  g r a in  s i z e  of t h e  clinopyroxene. Ol iv ine  phenocrysts  remain about t he  
same s i z e  and s k e l e t a l  o l i v i n e  c r y s t a l s  a r e  p re sen t  i n  a l l  11 flows. The 
abundance and s i z e  of p l ag ioc l a se  phenocrysts  except  f o r  t h e  top flow s t a y ,  
remains cons tan t .  I n  a d d i t i o n  to  the  decrease  of bo th  o l i v i n e  and clinopy- 
roxene, t h e r e  i s  a  sympathetic r e l a t i o n s h i p  between t h e  r e l a t i v e  abundances 
of the  two minera ls .  Figure 4 shows t h a t  when o l i v i n e  abundance i s  a t  a  max- 
imum, clinopyroxene i s  a t  a  minimum, and v i s a  ve r sa .  There a r e  no s o i l  ho r i -  
zons, o r  weathering zones,  separa t ing  one flow from another ,  i nd i ca t ing  t h a t  
they erupted over  a  f a i r l y  s h o r t  time period.  

Three f lows were sampled from t h e  upper p a r t  of t h e  sec t ion .  The expo- 
su re  i s  very  i r r e g u l a r ,  making i t  impossible t o  measure the  th ickness  of t h e  
flows sampled. Ind iv idua l  thicknesses  a r e  es t imated  a t  between 2 and 5 m. 
The mineralogy of t h e  t h r e e  flows i s  i d e n t i c a l  t o  t h e  lower flows. The rocks 
a r e  p o r p h y r i t i c ,  w i th  l a r g e  clinopyroxene, p l a g i o c l a s e ,  o l i v i n e ,  and opaque 
minerals  f i n e  gra ined  h o l o c r y s t a l l i n e  groundmass. The percentage of o l i v i n e  
i n  the  t h r e e  f lows i s  h ighly  v a r i a b l e  and ranges  between 8 . 6  percent  f o r  t h e  
top  flow and 1.6 percent  f o r  the  bottom flow. The o l i v i n e  i n  a l l  t h r ee  f lows 
has p a r t i a l l y  oxid ized  r i m s .  

Associated Dikes 

Of the  seven d i k e s  t h a t  in t rude  Lava Peak t h e  l a r g e s t  i s  exposed t o  t he  
e a s t  of Lava Peak and is  10 t o  15 m wide (Ak-81-1; f i g .  3 ) .  I n  t h i n  s e c t i o n ,  
t he  d ike  con ta ins  t h e  same mineral  assemblage a s  t h e  Lava Peak flows; random- 
l y  o r i en t ed  phenocrysts  of o l i v i n e ,  c l inopyroxene,  opaque minera ls ,  and pla- 
g ioc l a se  i n  a  groundmass of opaque minera ls ,  c l inopyroxene,  and p l ag ioc l a se  
l a t h s .  A 1.5 m wide zone of red rock near  t h e  d ike  may r ep resen t  the  baked 
contac t  between t h e  d i k e  and the country rock. The d i k e  i s  t runca ted  by t h e  
upper sequence of l ava  flows. 

The s i x  o t h e r  d ikes  sampled s tand  out  a s  r e s i s t a n t  s p i n e s  on the  no r th  
s i d e  of Lava Peak. The d ikes  range i n  t h i ckness  from 0.5 m t o  4 m and a r e  
o r i en t ed  N.  70' W. Except f o r  t he  westernmost d i k e ,  t h e  d ikes  a r e  a p h a n i t i c  
i n  hand specimen. They con ta in  bands of v e s i c l e s  a l i gned  p a r a l l e l  t o  t h e  
wal l s  of t h e  d ike  wi th  ind iv idua l  v e s i c l e s  e longa te  i n  t h e  same d i r ec t ion .  
This i s  probably due t o  cool ing from the  o u t s i d e  inward, fo rc ing  exsolving 
v o l a t i l e s  toward the  c e n t e r  of t he  dike.  Movement of t he  cool ing  magma 
s t r e t ched  t h e  v e s i c l e s  i n  t h e  d i r e c t i o n  of flow. 



The d ikes  i n t rude  a  s e r i e s  of interbedded lava  and d e b r i s  flows loca ted  
a t  100 m e l eva t ion .  The baked con tac t  of these  d ikes  i s  one t o  two cen t i -  
meters  th ick .  Columnar j o i n t i n g  i s  moderately we l l  developed and i s  o r i en t ed  
perpendicular  t o  t he  w a l l s  of t he  d ike .  

I n  t h i n  s e c t i o n ,  t he  d i k e s  vary  from equigranular  f ine-gra ined  t o  por- 
p h y r i t i c .  P lag ioc lase  i s  t h e  dominant phenocryst.  I n  s e v e r a l  d ikes  o l i v i n e  
and clinopyroxene a r e  a s  abundant a s  p lag ioc lase .  The sma l l e r  d ikes  
(Ak-81-32, Ak-81-33, Ak-81-34, Ak-81-103A, and Ak-81-103B) show a  s t rong  
alignment of p l ag ioc l a se  l a t h s  i n  the  groundmass. Seve ra l  of t h e  d ikes  con- 
t a i n  i n t e r s t i t i a l  brown g l a s s .  

Other Flows 

These flows a r e  l o c a t e d  s t r a t i g r a p h i c a l l y  below t h e  Lava Peak f lows,  and 
a r e  s i m i l a r  t o  l avas  exposed on the  c e n t r a l  and e a s t e r n  s i d e  of t h e  i s l and .  

The th ree  flows sampled were interbedded wi th  d e b r i s  f lows cons i s t i ng  of 
a  c lay- r ich  matr ix wi th  b locks  ranging up t o  s e v e r a l  meters  i n  s i z e .  Sample 
Ak-81-16 i s  from a  7 m t h i c k  flow exposed i n  a  canyon wa l l .  It has a  scor ia -  
ceous top and flow banding. The l ava  conta ins  about 17 pe rcen t  p l ag ioc l a se  
phenocryst s and very l i t t l e  clinopyroxene and o l i v i n e .  The groundmass i s  
very  f ine-grained and makes up about 80 percent  of t he  rock. The two o the r  
flows a r e  loca ted  s t r a t i g r a p h i c a l l y  above and below Ak-81-16, and conta in  
p l ag ioc l a se  along wi th  vary ing  amounts of hypersthene and cl inopyroxene,  with 
t r a c e  amounts of o l i v i n e  and opaque minerals .  The groundmass i n  t hese  rocks 
i s  very f ine-grained and makes up t o  75 percent  of t h e  rock. 

Recent Lavas 

The most recent  volcanism on Akutan I s l and  r e s u l t e d  i n  t eph ra  depos i t s ,  
t he  e rup t ion  of two l ava  f lows ,  and a  c inder  cone on t h e  n o r t h  and northwest 
f l a n k  of Akutan Volcano. Sometime before  1870 a  c inde r  cone developed j u s t  
no r theas t  of Lava Peak ( f i g .  2).  A l ava  flow erupted  from t h e  base of the  
cone, covering about 4 square km, and makes up what i s  c a l l e d  Lava Point  
(Byers and Barth,  1953). The lava  flow i s  very blocky, and has  two lobes 
which entered the sea .  Erosion has  exposed numerous l a v a  tubes  on the  nor- 
t h e r n  border of t he  flow which have developed i n t o  s p e c t a c u l a r  b r idges  and 
caves.  The rock i s  very  v e s i c u l a r  and conta ins  p l ag ioc l a se  phenocrysts ,  with 
minor clinopyroxene , o l i v i n e ,  and opaque minerals  i n  a  g l a s s y  groundmass. 
The groundmass con ta ins  o r i e n t e d  p l ag ioc l a se  l a t h s ,  some opaque minera ls ,  and 
a  g r e a t  d e a l  of brown g l a s s .  

I n  1978 a  lava  flow erupted  i n  t h e  summit ca lde ra ,  flowed down the  nor th  
f l a n k  of Akutan Volcano i n  two lobes ,  and came w i t h i n  1 km of t h e  coas t  
( f i g .  2 ) .  The flow c o n s i s t s  of very blocky lava  ranging from v e s i c u l a r  t o  
g l a s sy  i n  t ex tu re .  P l ag ioc l a se  makes up about 32 percent  of t h e  rock,  while 
clinopyroxene, o l i v i n e ,  and opaque minera ls  make up l e s s  than  7 percent .  The 
groundmass c o n s i s t s  of o r i e n t e d  p l ag ioc l a se  l a t h s  and brown g l a s s .  



Centra l  and Eas te rn  Akutan I s l and  

Open Bight 

Open Bight i s  t he  next  v a l l e y  e a s t  of t h e  1978 lava  flow. Samples were 
c o l l e c t e d  from two flows ( ? )  exposed a t  t he  mouth of t h e  v a l l e y .  Contacts  
were concealed so i t  i s  unc lear  whether t h e  rocks a r e  flows o r  s i l l s .  About 
31 meters  of t h e  upper flow ( ? )  i s  exposed. I ts lower s e c t i o n  has  l a r g e  
columnar j o i n t s ,  while the upper s e c t i o n  i s  massive. The o t h e r  sample was 
c o l l e c t e d  from a  2  t o  5 m t h i c k  flow ( ? )  exposed f u r t h e r  down on t h e  c l i f f .  
Both rocks  conta in  about 32 percent  p l ag ioc l a se ,  5 t o  8  percent  clinopyrox- 
ene ,  t r a c e  amounts of orthopyroxene, and 1  t o  2  percent  opaque mine ra l s ,  i n  a  
t r a c h y t i c  groundmass. Crys t a l  c l o t s  of p l ag ioc l a se ,  c l inopyroxene,  and 
opaque minera ls  a r e  present .  P l ag ioc l a se  phenocrysts commonly con ta in  g l a s s  
i n c l u s i o n s .  

Hot Spr ings  Bay Valley Flows 

Three v a l l e y s  empty i n t o  Hot Springs Bay, t he  l a r g e s t  being Hot Springs 
Bay Valley.  Samples were c o l l e c t e d  a long  t h e  coas t  and wi th in  t h e  v a l l e y s .  
The smal l  c e n t r a l  va l l ey  was not explored.  The westernmost v a l l e y  i s  he re  
c a l l e d  Pickup Valley ( f i g .  2 ) .  

Pickup Valley 

Samples were co l l ec t ed  from t h e  head and wa l l s  of Pickup Valley 
( t a b l e  3 ,  f i g .  2) .  Two samples, Ak-81-20 and Ak-81-21, were c o l l e c t e d  from 
outcrops  descr ibed  by Byers and Barth (unpublished map, 1948) a s  p o s s i b l e  
r i n g  d i k e s .  The samples a r e  po rphry t i c ,  and conta in  randomly o r i e n t e d  pla-  
g i o c l a s e ,  clinopyroxene, and opaque phenocrysts  i n  a  t r a c h y t i c  groundmass. 
The groundmass i s  s l i g h t l y  a l t e r e d  t o  c h l o r i t e  and carbonate .  Quartzlcarbon- 
a t e  v e i n l e t s  c ros scu t  the  groundmass and phenocrysts.  

A l a v a  flow exposed west of t h e s e  samples has a  baked lower con tac t  and 
crudely  developed columnar j o i n t s .  The rock conta ins  a  few p l a g i o c l a s e  phen- 
o c r y s t s  i n  a  very f ine-grained t r a c h y t i c  groundmass and i s  p a r t i a l l y  a l t e r e d  
t o  c h l o r i t e ,  carbonate ,  and i r o n  oxide.  

Two samples were c o l l e c t e d  p a r t  way down the  v a l l e y .  Ak-81-23 con ta ins  
p l a g i o c l a s e ,  clinopyroxene, and orthopyroxene, while  Ak-81-24 con ta ins  par- 
t i a l l y  a l t e r e d  o l i v i n e ,  p l ag ioc l a se ,  and clinopyroxene. Both rocks  con ta in  
c h l o r i t e  and carbonate  a l t e r a t i o n  i n  a  h o l o c r y s t a l l i n e  t r a c h y t i c  groundmass. 

Cow Po in t  

Cow Po in t  i s  a  high b l u f f  s e p a r a t i n g  Pickup Valley from t h e  unnamed va l -  
l e y  t o  t h e  southeas t .  Twenty-five d ikes  a r e  exposed i n  t h i s  b l u f f  and have a  
dominant t r end  t o  the no r theas t ,  bu t  t h e r e  i s  a  very wide v a r i a b i l i t y  i n  
s t r i k e .  The d i p  f o r  t he  d ikes  i s  q u i t e  v a r i a b l e ,  and may range from 0' t o  
180' f o r  a  s i n g l e  d ike .  They a l s o  occur  i n  nes ted  groups of 3 o r  more. 



Mineral  banding i s  f a i r l y  common i n  t h e s e  d ikes .  The banding c o n s i s t s  
of v e r t i c a l  l a y e r s  wi th  mafic minerals  concent ra ted  toward the  i n t e r i o r  and 
f e l s i c  mine ra l s  concentrated toward t h e  e x t e r i o r  ( f i g .  5 ) .  This  phenomenon 
has been s t u d i e d  by seve ra l  workers ( B h a t t a c h a r j i  and Smith, 1964; Gibb, 
1968; Komar, 1972A; Komar, 1972b). The mine ra l  s eg rega t ion  seems t o  be t h e  
r e s u l t  of mechanical i n t e r a c t i o n s  between phenocrysts  during i n t r u s i o n  
fo rc ing  early-forming minerals  towards t h e  c e n t e r  of t h e  dike.  

The d ikes  i n t r u d e  py roc la s t i c  d e p o s i t s  of poorly so r t ed  vo lcan ic  brec-  
c i a .  Some of t h e  d ike  have f ine-grained c h i l l e d  margins where they c o n t a c t  
the p y r o c l a s t i c  deb r i s .  Higher on t h e  b l u f f  a r e  s e v e r a l  oxidized l a y e r s  
which may r ep resen t  t he  e rupt ion  of l ava  f lows which baked the  underlying 
d e b r i s  f lows.  

I n  hand specimen, the  d ikes  range from p o r p h y r i t i c ,  conta in ing  plagio-  
c l a s e  phenocrys ts ,  t o  aphan i t i c .  O l iv ine  and clinopyroxene a r e  r a r e  pheno- 
c r y s t s .  This  l a c k  of mafic minerals  i s  probably due t o  t h e i r  a l t e r a t i o n  t o  
t he  c h l o r i t e  p re sen t  i n  these  rocks. Pseudomorphs of c h l o r i t e  a f t e r  c l ino-  
pyroxene a r e  occas iona l ly  seen. The most common groundmass c o n s i s t s  of a  
t r a c h y t i c  mass of p l ag ioc l a se  l a t h s  and c h l o r i t e .  Occasionally t he  ground- 
mass i s  composed of an equigranular  mixture of p l a g i o c l a s e ,  clinopyroxene, 
and opaque minera ls .  

Flows 

The f i v e  flows were sampled from t h e  n o r t h e a s t  s i d e  of Hot Springs Bay 
Valley range from 3.5 t o  10 m t h i c k  where exposed. They conta in  p l a g i o c l a s e ,  
c l inopyroxene,  and r a r e l y  o l i v i n e ,  phenocrysts .  The groundmass ranges from 
f ine-grained t o  medium grained h o l o c r y s t a l l i n e  i n  t e x t u r e ,  and shows no pre- 
f e r r e d  o r i e n t a t i o n .  Mafic minerals  i n  t h e  groundmass a r e  p a r t i a l l y  a l t e r e d  
t o  c h l o r i t e  and carbonate .  Sample Ak-81-65 i s  t h e  only flow sampled where 
o l i v i n e  made up a  s i g n i f i c a n t  percentage of t he  phenocrysts.  Most of t he  
rocks have some c h l o r i t e  a l t e r a t i o n ,  and i n  sample Ak-81-65 the  o l i v i n e  is  
p a r t i a l l y  a l t e r e d  t o  i dd ings i t e .  

Five l a v a  f lows,  exposed f a r t h e r  up t h e  v a l l e y  d i f f e r  from those  f a r t h e r  
down v a l l e y  i n  t h a t  they a r e  almost completely una l t e r ed ,  except f o r  r a r e  
carbonate  g r a i n s .  They a r e  very f ine-gra ined  rocks  and c o n s i s t  of pheno- 
c r y s t s  of p l a g i o c l a s e ,  clinopyroxene, or thopyroxene,  and opaque minera ls  i n  a 
h o l o c r y s t a l l i n e  groundmass. Opaque mine ra l s  a r e  unusual ly abundant, compos- 
ing  1.4 t o  1.6 percent  of the  rocks. 

Hot Springs Bay Valley Dikes 

Nine v a r i a b l y  a l t e r e d  d ikes  were sampled a t  t h e  mouth of Hot Springs Bay 
Valley. The d ikes  sampled ranged i n  width from 1.5 t o  3 m. The dominant 
o r i e n t a t i o n  of t hese  d ikes  i s  N 42" W ,  bu t  o r i e n t a t i o n s  va r i ed  a s  much a s  40 
degrees.  

The rocks a r e  po rphyr i t i c ,  wi th  p l a g i o c l a s e  being the  most abundant 
phenocryst .  Hornblende was present  a s  a  phenocryst i n  Ak-81-43. Sample 
Ak-81-46 con ta ins  29 percent phenocrysts ,  bu t  t he  d ikes  usua l ly  contained 



l e s s  t h a n  15 p e r c e n t  p h e n o c r y s t s .  The groundmass i s  f i n e - g r a i n e d ,  t r a c h y t i c ,  
and composed of p l a g i o c l a s e  l a t h s  and opaque m i n e r a l s .  X e n o l i t h s ,  p r e s e n t  i n  
some samples were s i m i l a r  i n  composit ion and t e x t u r e  t o  t h e  h o s t  d i k e s ,  b u t  
were u s u a l l y  more a l t e r e d  t h a n  t h e  e n c l o s i n g  r o c k s .  

The d i k e s  c o n t a i n  c h l o r i t e  and c a r b o n a t e  a s  a  a l t e r a t i o n  p roduc t s  r e -  
p l a c i n g  maf ic  p h e n o c r y s t s ,  microphenocrysts ,  and g l a s s .  

Dikes 

Hot S p r i n g s  Bay Val ley  d i k e s  a r e  o r i e n t e d  roughly  N.  68" W. w i t h  a  v a r i -  
a t i o n  i n  a t t i t u d e  of a b o u t  40" .  The d i k e s  range  i n  w i d t h  from 0 .5  t o  5 m and 
a l s o  occur  a s  d i k e  swarms up t o  13 m wide. They have w e l l  developed baked 
c o n t a c t s ,  r a n g i n g  i n  t h i c k n e s s  from 1  t o  4 cm. V e s i c l e s  a r e  c o n c e n t r a t e d  
toward t h e  c e n t e r  o f  t h e  d i k e s  and a r e  p a r t i a l l y  f i l l e d  w i t h  ca rbona te .  

A l t e r a t i o n  i s  q u i t e  v a r i a b l e  between t h e s e  d i k e s  and a l s o  v a r i e s  w i t h i n  
a  p a r t i c u l a r  d i k e .  F i v e  samples were t a k e n  a c r o s s  a  d i k e  which was d i p p i n g  
a t  an a n g l e  of a b o u t  70 d e g r e e s .  The c o u n t r y  r o c k  (Ak-81-106-1.5) i n t r u d e d  
by t h e  d i k e  was p a r t i a l l y  a l t e r e d  t o  c h l o r i t e  and c a r b o n a t e .  A l t e r a t i o n  i n  
t h e  d i k e  i n c r e a s e d  toward t h e  c e n t e r  u n t i l  a l l  of  t h e  m a f i c  m i n e r a l s  and p a r t  
of t h e  groundmass were  a l t e r e d .  

The d i k e s  a r e  g e n e r a l l y  ve ry  f i n e - g r a i n e d ,  w i t h  t r a c h y t i c  t e x t u r e s .  
C r y s t a l  c l o t s  a r e  o c c a s i o n a l l y  p r e s e n t ,  and u s u a l l y  c o n s i s t  of p l a g i o c l a s e ,  
c l inopyroxene ,  and opaque m i n e r a l s .  P l a g i o c l a s e  i s  t h e  on ly  i n d i v i d u a l  
phenocryst .  The groundmass is  u s u a l l y  composed o f  p l a g i o c l a s e  l a t h s ,  opaque 
m i n e r a l s ,  c h l o r i t e ,  and ca rbona te .  One d i k e ,  Ak-81-71, con ta ined  hornblende 
and was c o l l e c t e d  from a  d i k e  on t h e  e a s t  s i d e  o f  Hot S p r i n g s  Bay Val ley.  It 
was v e r y  coarse -gra ined ,  c o n s i s t i n g  of p l a g i o c l a s e ,  hornblende,  and o r tho-  
pyroxene w i t h  no groundmass. Carbonate i s  p r e s e n t  a s  an  i n t e r s t i t i a l  
f i l l i n g ,  w h i l e  c h l o r i t e  i s  p a r t i a l l y  r e p l a c e s  p l a g i o c l a s e .  

Akutan Harbor Flows 

The o u t c r o p  between Hot Spr ings  Bay Val ley  and Akutan Harbor c o n s i s t  o f  
a  t h i c k  sequence o f  v o l c a n i c l a s t i c  d e p o s i t s ,  w i t h  v e r y  few f lows  o r  d i k e s .  

Two d i k e s  and a  t h i c k  l a v a  flow a r e  exposed on t h e  n o r t h  s i d e  of Akutan 
Harbor (Ak-81-26, Ak-81-102A, 102B). The f low i s  a b o u t  8  m t h i c k  w i t h  a  
lower s e c t i o n  c o n s i s t i n g  of w e l l  developed columnar j o i n t s ,  It i s  a  v e r y  
f ine -gra ined  e q u i g r a n u l a r  r o c k  w i t h  r a r e  p l a g i o c l a s e  p h e n o c r y s t s  and a  holo-  
c r y s t a l l i n e  groundmass c o n s i s t i n g  of c l i n o p y r o x e n e ,  p l a g i o c l a s e ,  and t i t a n o -  
magne t i t e .  The p l a g i o c l a s e  l a t h s  have a  s t r o n g l y  p r e f e r r e d  o r i e n t a t i o n .  
Except f o r  a small amount of c h l o r i t e  i n  t h e  groundmass t h e  rock  i s  
u n a l t e r e d .  

The two d i k e s  t h a t  i n t r u d e  t h e  f low a r e  d i f f e r e n t  i n  mineralogy and 
t e x t u r e .  Dike Ak-81-102A i s  1.5 m wide and i s  f low banded and c o n t a i n s  o n l y  
p l a g i o c l a s e  p h e n o c r y s t s .  The groundmass i s  h o l o c r y s t a l l i n e  and p a r t i a l l y  
a l t e r e d  t o  c h l o r i t e .  Dike Ak-81-102B i s  5 m wide and c o n t a i n s  c h l o r i t i z e d  



olivine phenocrysts, and large clinopyroxene and plagioclase phenocrysts in a 
holocrystalline groundmass composed of clinopyroxene, plagioclase, and titano 
magnetite. 

Intrusions 

Three phaneritic intrusive rocks were sampled on Akutan Island. One 
sample (Ak-81-100) was a piece of float found on Lava Peak, another 
(Ak-81-102) was collected from a large plug located in Sandy Cove, while the 
third (Ak-81-73) was exposed in the cliff west of Pickup Valley. These three 
intrusives exhibit different textures. 

Ak-81-100 is a coarsely crystalline equigranular rock consisting of pla- 
gioclase and clinopyroxene. In thin section, the plagioclase and clinopyrox- 
ene grains range from 1 to 2 mm in size (fig. 6a). The subhedral to euhedral 
shape of the plagioclase and clinopyroxene suggest that the two minerals did 
not grow in place, but were concentrated after most of their growth was com- 
pleted, possibly by crystal settling in a magma chamber. 

In contrast, Ak-81-73 (fig. 6b) has an ophitic to subophitic texture 
that one would expect for a magma crystallizing under static conditions, with 
clinopyroxene crystallized around plagioclase. 

In contrast to the previous intrusives, Ak-81-102 is a porphyritic rock 
containing clinopyroxene and plagioclase phenocrysts in a holocrystalline 
groundmass (fig. 7). The plagioclase contains inclusions of opaque minerals 
and clinopyroxene and appears to have crystallized after these two mafics 
nucleated. The clinopyroxene does not contain any inclusions. The ground- 
mass contains plagioclase, clinopyroxene, and an opaque phase. 

Summary 

Akutan lavas fall into two petrographic groups: the flows and dikes in 
which clinopyroxene and orthopyroxene are the major mafic minerals, and the 
flows and dikes in which olivine and clinopyroxene are the major mafic 
minerals. A rare lava type is represented by the hornblende-bearing andesite 
dikes exposed in Hot Springs Bay Valley. The only flow sampled which was not 
porphyritic was Ak-81-26, from Akutan Harbor. The lack of phenocrysts indi- 
cates that this flow was very fluid, and may have erupted at a higher temper- 
ature, or more quickly, than other flows on the island. The other flows con- 
tain individual phenocrysts and crystal clots. The crystal clots are prob- 
ably the result of crystals clumping together during growth in a magma 
chamber, or they may xenocrysts from earlier lavas. There has been some sug- 
gestion that crystal clots represent the reequilibration of an amphibolite 
mantle to lower pressures (Stewart, 1975), but the variety in composition of 
the crystal clots, and the lack of any relic amphibole suggests that this is 
not the case on Akutan. 

The dikes exposed on Akutan Island range from porphyritic to aphanitic, 
and alteration in these rocks is quite variable. While some of the altera- 
tion seen is due to fluids associated with emplacement of the dikes, some of 
the alteration seen may be due to sea water alteration (D. Hawkins, personal 



commun., Mottl and Holland, 1978). This is especially true of those dikes 
exposed along the coast. 

The dikes were examined to determine if they might be related to forma- 
tion of an older caldera. Significant differences in K-Ar ages of dikes from 
the same localities suggests that they are not (Romick and others, in 
preparation). 

MINERALOGY 

Akutan lavas are characterized by phenocrysts of plagioclase, clino- 
pyroxene, olivine, orthopyroxene, opaque minerals, and alteration products in 
a finer-grained groundmass. Plagioclase is the only mineral present in all 
of the samples. 

Clinopyroxene 

Calcium-rich augite is the one type of clinopyroxene present as pheno- 
crysts. Figure 8 shows the results of microprobe analyses of Akutan 
clinopyroxenes and orthopyroxenes. The clinopyroxene compositions vary about 
13 percent Fs, 8 percent Wo, and 2 percent En. The augite from Lava Peak 
Flows is the most Fs poor, while lavas from Hot Springs Bay contain the 
highest percent Fs. Perfit and ~ust's (1981) microprobe analyses of 
phenocrysts in basalts and andesites are very similar to the analyses in this 
study. 

There are two texturally distinct populations of clinopyroxene. The 
first is a group of large anhedral to subhedral phenocrysts up to 7 mm long. 
These large grains are commonly zoned, but rarely twinned. In contrast, the 
second population of clinopyroxene consists of smaller subhedral grains which 
average 0.75 to 1.5 mm in size, and are commonly twinned as well as zoned. 
Both populations occur as individual phenocrysts and as glomerocrysts. The 
glomerocrysts are up to 8 mrn long and are usually composed of anhedral grains 
0.5 to 2 mm long. 

It would be convenient to be able to divide these two dissimilar groups 
into two generations of growth, the larger grains growing earlier in a 
relatively undisturbed environment, while the smaller phenocrysts growing in 
a fairly active environment, possibly which the magma was erupting. However, 
there are no compositional differences between the two groups of phenocrysts, 
which one might expect if they crystallized at different times. 

The clinopyroxenes are biaxial positive with a 2V ranging from 35 to 
60" .  The large phenocrysts have low birefringence while the small 
phenocrysts are moderately birefringent. In plain light the clinopyroxenes 
are pale green and nonpleochroic. 

The groundmass pyroxenes are also pale green in plain light, biaxial 
positive, and have low birefringence. The grains are, in general, too small 
for 2V determination. 



F i g u r e  9  shows t h e  v a r i e t y  of zon ing  found i n  Akutan pyroxenes.  F i g u r e  
l l a  shows w e l l  developed "hourglass"  zoning.  Most a u t h o r s  a s c r i b e  t h e  zon ing  
t o  d i f f e r e n t  growth r a t e s  i n  d i f f e r e n t  c r y s t a l l o g r a p h i c  d i r e c t i o n s  ( S t r o n g ,  
1969; Gray, 1971; H o l l i s t e r  and Gancarz,  1971; Wass, 1973). The r e s u l t i n g  
s k e l e t a l  form i s  l a t e r  f i l l e d  by c l inopyroxene  r i c h e r  i n  FeO, 
A1203. Another  t y p e  of zoning,  n o t  i l l u s t r a t e d ,  appears  a s  an  Tio?ly a n  e d r a  Na?y c o r e  and 
sur rounded  by a  e u h e d r a l  r i m .  Deer and o t h e r s  (1978) sugges t  t h a t  t h i s  t y p e  
from zon ing  r e s u l t s  from mel t ing  t h e  g r a i n  d u r i n g  movement of t h e  magma p r i o r  
t o  e r u p t i o n .  T h e r e a f t e r  t h e  t empera tu re  d r o p s  and a  e u h e d r a l  r i m  forms 
around t h e  p a r t i a l l y  melted c r y s t a l  (Deer and o t h e r s ,  1978).  The zon ing  
i n d i c a t e s  t h a t  t h e  c l inopyroxene  was n o t  a lways i n  e q u i l i b r i u m  w i t h  t h e  
s u r r o u n d i n g  l i q u i d .  D i f f u s i o n  of c a t i o n s  w i t h i n  t h e  c r y s t a l  l a t t i c e  is n o t  
f a s t  enough t o  a l l o w  t h e  c r y s t a l  compos i t ion  t o  r e a d j u s t  i n  r e s p o n s e  t o  t h e  
change i n  l i q u i d  composi t ion.  The s y s t e m ' s  response  t o  d i s e q u i l i b r i u m  i s  t o  
mant le  t h e  c r y s t a l  w i t h  a r i m  t h a t  can  c o e x i s t  w i t h  t h e  l i q u i d .  As t h e  
compos i t ion  of t h e  l i q u i d  changes s o  does  t h e  composi t ion of t h e  r i m  u n t i l  
c r y s t a l l i z a t i o n  h a l t s  t h e  p r o c e s s ,  o r  t h e  c r y s t a l  i s  resorbed .  

S e v e r a l  t y p e s  of twins  occur  i n  t h e  c l inopyroxenes  ( f i g .  1 0 ) .  They 
range  from s imple  growth twins  t o  p o l y s y n t h e t i c  twins  w i t h  (010) a s  t h e  
compos i t ion  p l a n e .  

Orthopyroxene 

The o r thopyroxene  p r e s e n t  i n  Akutan r o c k s  i s  hypers thene .  The m i n e r a l  
a p p e a r s  i n  two forms: 1) a s  e u h e d r a l  t o  a n h e d r a l  p h e n o c r i p t s  rimmed by 
c l i n o p y r o x e n e ,  and 2) a s  subhedra l  t o  a n h e d r a l  p h e n o c r i p t s  w i t h o u t  r e a c t i o n  
r i m s .  The two t e x t u r a l  types  can o c c u r  i n  t h e  same rock ,  and microprobe 
a n a l y s e s  i n d i c a t e  t h a t  t h e r e  i s  l i t t l e  c o m p o s i t i o n a l  d i f f e r e n c e  between t h e  
two or thopyroxenes  ( s e e  Appendix 1 1 1 ) .  Nor a r e  t h e r e  any d i f f e r e n c e s  i n  t h e  
compos i t ion  of a n g i t e  rimming t h e  hypero thene  and a n g i t e  a s  independen t  
p h e n o c r y s t s .  T h i s  s u g g e s t s  t h a t  whatever  c a u s e s  t h e  rimming of o r thopyroxene  
by c l i n o p y r o x e n e ,  i t  i s  no t  due t o  c o m p o s i t i o n a l  d i f f e r e n c e s  between t h e  two 
or thopyroxenes  ( f i g .  8 ) .  

The h y p e r s t h e n e  phenocrys t s  a r e  0 . 5  t o  0.75 mm long ,  b i a x i a l  n e g a t i v e  
w i t h  a  2V between 55 and 7 0 ° ,  and have low b i r e f r i n g e n c e .  The p h e n o c r y s t s  
have p a l e  p i n k ,  t o  ye l low,  t o  g reen  pleochroism.  E x t i n c t i o n  is p a r a l l e l  t o  
c l e a v a g e ,  and t h e  hypers thene  i s  untwinned. 

O l i v i n e  

O l i v i n e  n e v e r  makes up more t h a n  8 p e r c e n t  o f  t h e  rock when i t  i s  
p r e s e n t ,  and u s u a l l y  makes up on ly  2 t o  4 p e r c e n t .  It is  g e n e r a l l y  s u b h e d r a l  
and a n h e d r a l  i n  form, commonly o c c u r r i n g  as f ragments  of g r a i n s .  Occas iona l -  
l y  e u h e d r a l  o l i v i n e  i s  p r e s e n t ,  and s k e l e t a l  v a r i e t i e s  a r e  common i n  some of 
t h e  w e s t e r n  f lows .  The phenocrys t s  a r e  r a r e l y  g r e a t e r  t h a n  1  mm i n  diam. 
The o l i v i n e  commonly h a s  a n  o x i d i z e d  o u t e r  r i m ,  o r  is  p a r t i a l l y  a l t e r e d  t o  
i d d i n g s i t e .  B i a x i a l  p o s i t i v e  and n e g a t i v e  v a r i e t i e s  of o l i v i n e  o c c u r  Akutan 
l a v a s .  The s k e l e t a l  v a r i e t y  ana lyzed  by microprobe i n  f i g u r e  11 are b i a x i a l  
n e g a t i v e  and have a  compos i t iona l  r ange  between F075and Fog-. No b i a x i a l  
p o s i t i v e  o l i v i n e  was analyzed.  F i g u r e  16 a l s o  shows t h e  microprobe r e s u l t s  



from P e r f i t  and Gust (1981) .  For rocks  c o n t a i n i n g  o n l y  o l i v i n e  and c l i n o -  
pyroxene,  P e r f i t  and G u s t ' s  (1981) d a t a  c l o s e l y  compares w i t h  t h i s  s t u d y ' s  
a l though  some of t h e i r  a n a l y s e s  have v a l u e s  up t o  Fo 

90' 

The o l i v i n e  h a s  h i g h  r e l i e f ,  moderate t o  h i g h  b i r e f r i n g e n c e  and i s  c l e a r  
i n  p l a i n  l i g h t .  Zoning i s  e i t h e r  ve ry  weak o r  n o n e x i s t e n t .  

P l a g i o c l a s e  

P l a g i o c l a s e  i s  t h e  most abundant m i n e r a l  i n  Akutan lavas. I t  i s  p r e s e n t  
a s  phenocrys t s  and i n  t h e  groundmass o f  a l l  o f  t h e  f l o w s  and d i k e s  examined. 
P l a g i o c l a s e  makes up 8  t o  44  pe rcen t  of l a v a s  and may make up t o  100 p e r c e n t  
of t h e  p h e n o c r y s t s  p r e s e n t  i n  a  p a r t i c u l a r  rock .  P l a g i o c l a s e  phenocrys t s  
range from 0.5 t o  7 m i l l i m e t e r s  i n  l e n g t h .  I n c l u s i o n s  o f  g l a s s ,  c l inopyrox-  
ene,  and opaque m i n e r a l s  a r e  o c c a s i o n a l l y  p r e s e n t .  

P l a g i o c l a s e  p h e n o c r y s t s  a r e  g e n e r a l l y  s u b h e d r a l  t o  e u h e d r a l  i n  form, 
a l though  t h e r e  a r e  a n h e d r a l  f ragments  p r e s e n t .  Normal, o s c i l l a t o r y ,  and r e -  
v e r s e d  zoning a r e  p r e s e n t  i n  Akutan p l a g i o c l a s e .  Twinning i s  u b i q u i t o u s ,  and 
a l b i t e  and c a r l s b a d  t w i n s  a r e  t h e  most common t y p e s .  Cruciform p e n e t r a t i o n  
twins  a r e  s e e n  o c c a s i o n a l l y .  

F i g u r e  12 shows t h e  type of compos i t iona l  zon ing  p r e s e n t  i n  samples from 
Akutan I s l a n d .  Microprobe d a t a  f o r  t h e  Lava Peak Flows shows t h e  p l a g i o c l a s e  
t o  be v e r y  c a l c i c  (An t o  An c o r e  v a l u e s )  and zoned between c o r e  and r i m  
about  10 p e r c e n t  a n o r t A i t e .  A% zoning i n  t h e s e  r o c k s  a p p e a r s  a s  normal zon- 
i n g ,  where a n o r t h i t e  c o n t e n t  d e c r e a s e s  from c o r e  t o  r i m ,  and a s  o s c i l l a t o r y  
zoning where r i m  and c o r e  a r e  approximately  e q u a l  i n  a n o r t h i t e  c o n t e n t ,  and 
t h e  i n t e r m e d i a t e  i n t e r i o r  more sod ic .  

P l a g i o c l a s e  from Hot Spr ings  Bay l a v a s  a r e  more a l b i t i c  and show l e s s  
zoning.  One sample i s  zoned between An and An50, w h i l e  a n o t h e r  i s  zoned 1 
p e r c e n t  between An and An 

45 
5  0 51' 

Sample Ak-81-73 i s  from a  gabbro ic  i n t r u s i v e  on t h e  west  s i d e  of Hot 
Spr ings  Bay. The p l a g i o c l a s e  from t h i s  sample shows extreme zoning.  One 
phenocryst  i s  zoned between An and An6o., w h i l e  a n o t h e r  is  zoned from Ang7 

9  3 
t o  An midway t o  t h e  r i m ,  w i t h  an o u t e r  r i m  o f  a l k a l i  f e l d s p a r .  

1  

The d i v i s i o n  between t h e  Lava Peak f l o w s  and t h e  o t h e r  l a v a s  seen  i n  t h e  
microprobe d a t a  may, o r  may n o t ,  be a r e a l  phenomenon. More a n a l y s e s  a r e  
needed t o  c o n f i r m  t h e  a p p a r e n t  s e p a r a t i o n  o f  v a l u e s .  

F igure  13 shows t h e  v a r i e t y  of g l a s s  i n c l u s i o n s  p r e s e n t  i n  p l a g i o c l a s e  
phenocrys t s .  They o c c u r  a s  a  f i n e  d u s t i n g  i n  t h e  c o r e ,  a t  some i n t e r m e d i a t e  
p o i n t  between c o r e  and r i m ,  i n  t h e  r i m ,  o r  some combinat ion of t h e  t h r e e .  
The zone of i n c l u s i o n s  i s  u s u a l l y  p a r a l l e l  t o  t h e  c r y s t a l  boundar ies .  I n  
some c a s e s  t h e  i n c l u s i o n s  a r e  not  o r i e n t e d  w i t h  r e s p e c t  t o  t h e  c r y s t a l  f a c e s  
and appear  a s  i r r e g u l a r l y  shaped b l e b s  i n  t h e  i n t e r i o r  of t h e  phenocryst .  
The t e x t u r e s  shown i n  f i g u r e  13 i n d i c a t e  a  change i n  t h e  c o n d i t i o n s  of c r y s -  
t a l  growth. T h i s  change may correspond t o  c o n d i t i o n s  of h i g h e r  undercoo l ing ,  



p o s s i b l y  caused by changes  i n  t empera tu re  o r  p r e s s u r e .  Undercool ing i s  t h e  
d i f f e r e n c e  between t h e  l i q u i d u s  t empera tu re  of t h e  c r y s t a l  and t h e  tempera- 
t u r e  of t h e  l i q u i d  t h e  c r y s t a l  i s  growing i n .  A s  t h e  d e g r e e  o f  undercoo l ing  
i n c r e a s e s ,  c r y s t a l  growth changes  from p l a n a r  t o  s k e l e t a l .  (Lofgren ,  1980) 
High growth r a t e ,  combined w i t h  t h e  s k e l e t a l  c r y s t a l  form, may make i t  pos- 
s i b l e  f o r  t h e  c r y s t a l  t o  t r a p  l i q u i d  a s  it  grows. The t r a p p e d  l i q u i d  is  
quenched t o  a  g l a s s .  A change t o  lower undercoo l ings  would r e s u l t  i n  a  
r e t u r n  t o  p l a n a r  c r y s t a l  boundary growth,  and t h e  e u h e d r a l  o u t l i n e  s e e n  on 
Akutan p l a g i o c l a s e .  

Other  types  of i n c l u s i o n s  i n c l u d e  l a r g e  amounts of brown g l a s s  t r apped  
i n  t h e  i n t e r i o r  of p l a g i o c l a s e  g r a i n s ,  and c l inopyroxene  and opaque g r a i n s  
which appear  t o  have been  t r a p p e d  i n  t h e  p l a g i o c l a s e  a s  i t  c r y s t a l l i z e d .  

The p l a g i o c l a s e  i n  samples  Ak-81-73 and Ak-81-100, b o t h  c o a r s e  g r a i n e d  
i n t r u s i v e s ,  a r e  e s s e n t i a l l y  i n c l u s i o n - f r e e .  Emplacement a t  d e p t h  would cause  
g r a d u a l  c o o l i n g ,  r e s u l t i n g  i n  c r y s t a l l i z a t i o n  a t  low u n d e r c o o l i n g .  Th is  
would cause  p l a n a r  c r y s t a l  boundary growth.  The s low c o o l i n g  r a t e  would a l s o  
r e s u l t  i n  low growth r a t e s  which would n o t  a l l o w  g l a s s  t o  be  t r a p p e d  w i t h i n  
p l a g i o c l a s e  phenocrys t s .  

Accessory and A l t e r a t i o n  Minera l s  

Opaque Minera l s  

Opaque p h e n o c r y s t s ,  g e n e r a l l y ,  make up l e s s  t h a n  1 p e r c e n t  of Akutan 
l a v a s ,  and a r e  u s u a l l y  r e s t r i c t e d  t o  t h e  groundmass. Those p h e n o c r y s t s  t h a t  
a r e  p r e s e n t  a r e  s u b h e d r a l  t o  a n h e d r a l  and l e s s  t h a n  0.75 mm i n  diam. Skele- 
t a l  v a r i e t i e s  were observed  i n  some samples and probably  c r y s t a l l i z e d  l a t e  i n  
t h e  h i s t o r y  of t h e  magma. The opaque m i n e r a l s  were o c c a s i o n a l l y  s e e n  a s  in -  
c l u s i o n s  i n  a n g i t e  and h y p e r s t h e n e  phenocrys t s ,  and r a r e l y  i n  o l i v i n e  and 
p l a g i o c l a s e .  Some e u h e d r a l  forms a r e  p r e s e n t  and u s u a l l y  a p p e a r  a s  cubes o r  
oc tahedrons ,  s u g g e s t i n g  t h e y  a r e  some type  of m a g n e t i t e .  Opaque m i n e r a l s ,  
when p r e s e n t  i n  t h e  groundmass, a r e  u s u a l l y  e u h e d r a l  t o  s u b h e d r a l  and approx- 
i m a t e l y  t h e  same s i z e  (0 .1  t o  0 . 2  mm) a s  t h e  o t h e r  groundmass m i n e r a l s  
p r e s e n t .  

Hornblende 

Hornblende i s  p r e s e n t  i n  two samples ,  b o t h  d i k e s  from Hot S p r i n g s  Bay 
Val ley .  The amphibole h a s  o l i v e  g r e e n  t o  l i g h t  g r e e n  p leochro i sm (X=yellow- 
g r e e n ,  Y-brownish-green, and Z=green) and moderate b i r e f r i n g e n c e .  It i s  an- 
h e d r a l  and 0.25 t o  1.5 mm i n  diam. Hornblende never  makes up more t h a n  1 
p e r c e n t  of t h e  rock.  

A p a t i t e  

A p a t i t e  o c c u r s  a s  e u h e d r a l  r o d s  i n  p l a g i o c l a s e .  It i s  approximately  
0 . 1  mm long  and was p r e s e n t  i n  t r a c e  amounts i n  most o f  t h e  r o c k s  examined. 



Carbonate 

Carbonate is a common alteration mineral in the older lavas on Akutan. 
It is a common vesicle filling and alteration product of mafic minerals and 
groundmass, and occasionally replaces plagioclase. The carbonate is uniaxial 
negative, has variable relief, is clear in plain light, and has very high 
birefringence. The grain size is quite variable, ranging from 
microcrystalline to 4 mm in diam. 

Chlorite 

Chlorite is the most common alteration product of Akutan lavas. It has 
moderate birefringence and occurs as microcrystalline grains with light to 
dark green, and light to medium yellow, pleochroism. Chlorite may make up to 
10 percent of the rock and commonly occurs as pseudomorphs of olivine and 
clinopyroxene. It sometimes occurs as a lining in amygdules where carbonate 
fills the interior of the amygdule. 

Quartz 

Quartz is occasionally present as an alteration mineral, and usually 
occurs in veinlets associated with carbonate. It occurs in trace amounts and 
is less than 0.25 mm in size. 

Serpentine Minerals 

Olivine is rarely altered to a nonpleochroic serpentine mineral. It is 
fibrous, has low birefringence low relief and occurs as pseudomorphs after 
olivine. 

Crystallization Sequence 

Table 4 show the crystallization sequence for Akutan lavas. In general, 
plagioclase is the first mineral to crystallize. Opaque minerals 
occasionally crystallize before plagioclase (Marsh, 1976), as in samples 
Ak-81-20, Ak-81-34, Ak-81-38, and Ak-81-62, but usually crystallize after 
nucleation of plagioclase and are seen enclosed by olivine and clinopyroxene. 
Olivine is the next phenocryst to crystallize. In those samples where both 
olivine and orthopyroxene are present, olivine appears to have crystallized 
before orthopyroxene. In those samples where orthopyroxene is present and 
olivine is not, orthopyroxene is the next phenocryst to form after the opaque 
minerals. Clinopyroxene is the last phenocryst to form, unless skeletal 
olivine, or hornblende are present, then they are last phenocrysts to begin 
crystallizing. A generalized crystallization sequence for Akutan lavas is 
plagioclase-opaque minerals-olivine/orthopyroxene-clinopyroxene-skeletal 
olivine/hornblende-groundmass. While there is no experimental data on the 
crystallization of Akutan lavas, work done on Atka basalts by Baker and 
Eggler (1983) at various pressures reproduces the crystallization sequence 
described above for magmas which crystallized at less than 8 Kb pressure. 
The early or late appearance of opaque minerals depended upon the oxygen 
fugacity of the system. Thus, the sequence based upon textural relationships 
appears in Akutan basalts and andesites appears to be consistant with 
experimental work on rocks of similar composition. 



Summary 

Mafic mineral compositions on Akutan are remarkably uniform suggesting 
that whatever changes have occurred in the magmas which formed Akutan lavas, 
the factors influencing mineral composition (pressure, temperature, PH20, 
liquid composition, etc.) remained fairly constant. Unalaska Island, Frosty 
Peak Volcano, and Adak Island pyroxenes and plagioclase are very similar in 
composition to Akutan minerals (Byers, 1959; Drewes and others, 1961; Marsh, 
1976; Perfit and Gust, 1981) suggesting that the lavas for many Aleutian 
volcanoes are similar in composition, and form minerals of similar 
composition. 

What is variable on Akutan is the relative abundance of particular 
minerals. Olivine is abundant in Lava Peak rocks, while orthopyroxene is 
more abundant in some of the Hot Springs Bay lavas. Plagioclase and 
clinopyroxene are the only ubiquitous minerals in Akutan lavas. 

GEOCHEMISTRY 

Major Oxides 

Appendix 1 lists the results of major oxide analyses. Oxide totals 
ranged from 98.52 percent to 100.71 percent. Harker variation diagrams are 
shown in figure 14. MgO, FeO, and CaO decrease with increasing SiO while 
Na 0 and K 0 generally increase with increasing SiO Curves for G2 and 2 2 ' A1203 are h a t  with respect to SiO and Fe203 data are too dispersed to draw 2 * any conclusions regarding a particular trend. The relative merits of these 
plots versus plots of more complex ratios are discussed by Cox and others 
(1979) and Maaloe and Peterson (1981). Samples from Lava Peak and from the 
other parts of the island do not plot as separate groups on the Harker 
diagrams. 

These diagrams are supposed to represent the "liquid line of decent" of 
a fractionating magma. As certain elements are incorporated into early- 
forming minerals, their concentration in the remaining liquid decreases, 
while those elements not used in the minerals increase in abundance. These 
trends, whether increasing or decreasing, indicate changes in the liquid com- 
position as it fractionates. Ideally, one should use analyses from glasses 
(quenched liquid) to obtain accurate measurements of composition, however 
this is rarely possible. Most volcanics are crystallized to some degree, and 
many are porphyritic. The local addition or subtraction of phenocrysts in 
these rocks may significantly affect where samples plot on the trends, 
although porphyritic rocks may still represent liquid compositions. If, for 
instance, olivine crystals settle towards the bottom of a cooling flow that 
portion will be enriched in olivine. If a sample is taken from that part of 
the flow and analyzed it will plot above the trends for FeO and MgO, because 
it has been enriched in those components by the addition of olivine. Like- 
wise, samples taken from the part of the flow depleted in olivine will plot 
below the trends because they are depleted in the two oxides due to the re- 
moval of olivine. If many of the samples analyzed are porphyritic, consider- 
able scatter in the trends can occur due to the above effect. This may be 



the case for Akutan samples. Partial alteration of some of the samples may 
also affect the analyses by preferentially adding or subtracting certain 
elements. 

Oxide-oxide plots were constructed to see if any distinction could be 
drawn between the Lava Peak rocks and the other lavas on the island. The re- 
sults are shown in figures 15 through 18. Again, no clear distinction can be 
made between the Lava Peak volcanics and other volcanics on Akutan Island. 
The fact that the two groups of lavas do not plot as separate trends suggests 
that they were not derived from different parental magmas or significantly 
different sources. 

An AFM diagram (fig. 19) shows a slight iron enrichment similar to other 
plots of Aleutian rocks (Marsh, 1976). The FeO/MgO vs Si02 diagram (fig. 
21) also shows the mild iron enrichment trend typical of Aleutian tholeiites 
as defined by Kay and others (1982). Marsh (1976) noted that Aleutian trends 
were higher in iron enrichment than the trend for Cascade rocks, but lower 
than the trend for Tongan volcanics. Again, the lava Peak rocks and the 
other lavas intermix on the diagram. In a total alkalis (K O+Na 0) versus 
SiOZ diagram (fig. 20), Akutan rocks fall in the high-alumina lield as 
deflned by Kuno (1966). Perfit (1978) suggests that it is possible to derive 
these high-alumina rocks from high magnesium basalts found on Akutan Island. 

The effect of fractionation of plagioclase, olivine, and augite can be 
seen in figure 22. As the magma(s) differentiated, the CaO/A1203 ratio 
decreased and the FeO/MgO ratio increased. This is due to the precipitation 
of early-forming calcic plagioclase and magnesian olivine and augite. This 
left the remaining liquid enriched in FeO and depleted in CaO and MgO, re- 
sulting in the trend observed. 

Statistical Analvses 

The oxide data were analyzed by two multivariate statistical methods to 
see if more sophisticated techniques could distinguish the two petrographic 
groups. The oxide data was analyzed by cluster analysis (McCammon and 
others, 1970), and then a stepwise multiple discriminant analysis (Jennrich 
and Sampson, 1981). A dendrograph (McCammon and others, 1970), obtained from 
the cluster analysis, is shown in figure 23. 

Cluster analysis separates samples into groups (or clusters) based upon 
measured variables. The number of clusters that result from the analysis are 
not known beforehand, and samples are generally free to enter any cluster 
that develops. In contrast, discriminant analysis requires the number of 
groups to be set prior to analysis, with each sample assigned to a particular 
group (Davis, 1973). By minimizing the within-group variance and maximizing 
the between-group variance, the discriminant analysis identifies the vari- 
able, or variables, which distinguish the groups. Stepwise multiple discrim- 
inant analysis constructs a linear equation for each group by going through a 
series of simple analyses which move from one analysis to the next by adding, 
or subtracting, a classification variable along the way (Jennrich, 1977). 



The cluster analysis distinguished four general groups of lavas 
(fig. 23). The stepwise discriminant analysis used P 0 and Ti0 to identify 

2 5 2 the four groups. The discriminant functions for the four groups are listed 
below. P 0 and Ti0 are in weight percent and X is the value of the dis- 

2 criminant? 5 ~ e e  appendix V for an example of how the discriminant functions 
are used. 

WestF X=100,33TiO +264.09P 05-83.22 
EastF X=93.55TiO 3245.03~ 6 -72.26 
WestD ~=151.90~i6~+414. 896285-194.84 
EastD X=125.68Ti02+343.05P205-133.74 

Based on the multiple discriminant analysis we had difficulty dis- 
tinguishing the two groups of flows defined by the cluster analysis. Samples 
classified as EastF by the cluster analysis were classified as WestF by the 
discriminant analysis and visa versa. Table 5 lists the posterior probabili- 
ties for the two groups of flows. The probablities represent the chance that 
any particular analysis will be classified in a particular group. A high 
probability in one group is needed for a clear classification. Most of the 
flows listed in table 8 could be classified into either group. 

A canonical plot of the groups and their means is the best two-dimen- 
sional display of the relationship between the four groups and is shown in 
figure 24. The two groups of flows have only slight differences between 
their means. 

Both groups of dikes plot well away from either group of lava flows. 
Both partially altered and unaltered dikes plotted together indicating that 
the difference between the flows and dikes is a real phenomenon and not a 
result of alteration. Two dikes (Ak-81-50, Ak-81-38) plot with the lava 
flows. 

The statistical analyses also suggest that the lava flows on Akutan 
Island are chemically similar and are difficult to distinguish on the basis 
of major element chemistry. The cluster analysis grouped Lava Peak flows 
with flows from other parts of the island. The discriminate analysis per- 
mitted some rearrangement of the groups, but it also could not distinguish 
the two petrographic groups. 

Normative Mineralogy 

Appendix 1 lists the normative mineralogy for the 31 samples from 
Akutan. All of the rocks contain normative hypersthene, which by definition 
must be present in tholeiitic rocks (Cox and others, 1979). Most of the 
rocks are quartz normative. Five samples are olivine normative and their 
geographic distribution does not follow any pattern across the island. Lava 
Peak flows range from slightly olivine normative at the bottom to quartz 
normative further up the sequence. They also have greater than 11 percent 
normative hypersthene, while the other volcanics generally have less than 11 
percent hypersthene (fig. 25). 



Minor Element Analyses 

Rb and S r  Analyses 

F igure  26 i s  a  p l o t  of S r  v e r s u s  Rb igneous rocks from Unalaska ( P e r f i t  
and o t h e r s ,  1980). Akutan I s l a n d  samples p l o t  along the  same t r e n d  a s  vol-  
c a n i c ~  and i n t r u s i v e s  from Unalaska I s l a n d ,  bu t  tend t o  be lower i n  S r .  

Figures  2 7  and 28 a r e  p l o t s  of Rb ve r sus  Rb/Sr and Sr  ve r sus  RblSr,  re-  
s p e c t i v e l y .  These two diagrams s u c c e s s f u l l y  d i s t i n g u i s h  Lava Peak vo lcan ic s  
(h igher  S r  and lower Rb and Rb/Sr) from the  o the r  vo lcan ic s  on t h e  i s l a n d .  

McCulloch and P e r f i t ' s  (1981) d a t a  a r e  a l s o  p l o t t e d  on t h e  two diagrams. 
Two samples,  Ak-4-EJ and Ak-4-33, p l o t  i n  t h e  Lava Peak f i e l d ,  bu t  t h e  t h i r d  
samples does not show a  c l o s e  r e l a t i o n s h i p  t o  e i t h e r  group. Unfor tuna te ly ,  
i t  i s  not  known whether t he  pe t ro logy  of h i s  samples i s  s i m i l a r  t o  t h a t  of 
t he  Lava Peak flows. 

McCulloch and P e r f i t  (1981) d i s t i ngu i shed  t h o l e i i t i c  Akutan rocks  from 
ca l c -a lka l ine  rocks i n  t he  Aleut ians  by p l o t t i n g  Ba (ppm) ve r sus  K20 and 
Rb/Sr ve r sus  K20. Their  r e s u l t s  sugges t  t h a t  t h o l e i i t i c  rocks have h igher  
BaO and RbISr values f o r  a  g iven  K 0  than  t h e  c a l c a l k a l i n e  s u i t e s .  Akutan 
samples p l o t  i n  McCulloch and ~ e r f i i ' s  t h o l e i i t i c  reg ion ,  f o r  t h e  K 0  versus  
Rb/Sr diagram, but  the  s e p a r a t i o n  between the  t h o l e i i t i c  and ca l - a lka l ine  
f i e l d s  i s  not  very good and t h e  f i e l d s  ove r l ap  a t  t h e  mafic end. 

McCulloch and P e r f i t ' s  (1981) S r  and Nd i so tope  d a t a  f o r  Akutan a r e  
shown i n  t a b l e  6 and a r e  comparable t o  r e s u l t s  repor ted  by o t h e r  workers (Kay 
and o t h e r s ,  1978; Kay, 1980; Marsh, 1976) f o r  Aleut ian lavas .  

Potassium-Argon Dates 

Four K-Ar whole rock d a t e s  were obtained from R. Armstrong a t  t h e  
Univers i ty  of B r i t i s h  Columbia, Vancouver, B r i t i s h  Columbia f o r  two samples 
from e a s t e r n  Akutan and two from Lava Peak ( t a b l e  7 ) .  Lava f lows from Lava 
Peak, Pickup Valley, and Hot Springs Bay Valley give ages around 1.2 m.y. 
AK-81-30, a  d ike  from the  base of Lava Peak, may be about 0.3 m.y. o l d e r  than 
t h e  t h r e e  flows dated.  

Summary 

Both oxide-oxide p l o t s  and m u l t i v a r i a t e  s t a t i s t i c a l  ana lyses  i n d i c a t e  
t h a t  t h e  major element chemistry of two pe t rographic  groups of l ava  fol low 
s i m i l a r  t r ends .  Rb and Sr  p l o t s  s u c c e s s f u l l y  d i s t i n g u i s h  t h e  two petrograph- 
i c  groups,  and suggest t h a t  t h e  two groups may be r e l a t e d  v i a  some f r ac t iona -  
t i o n  scheme. This i s  a l s o  i n d i c a t e d  by t h e  decrease i n  CaO/A1203 wi th  
inc reas ing  FeO/MgO (shown i n  f i g .  22) .  Whole rock potassium-argon d a t e s  
i n d i c a t e  t h a t  the Lava Peak s a t e l l i t e  v e n t  and t h e  main v e n t  lava  s u i t e s  
e rupted  contemporaneously between 1.1 and 1.5 m.y. B.P. The major element 
chemistry of these  lavas  i s  t y p i c a l  of rocks  derived from mantle  m a t e r i a l  



(McCulloch and Perfit, 1981). Neodymium and strontium isotope ratios report- 
ed by McCulloch and Perfit (1981) also suggest that the lava were derived 
from mantle material, and that contamination by continental crust was 
negligable. 

GEOTHERMOMETRY AND GEOBAROMETRY 

Two geothermometers and one geobarometer were used to estimate equilib- 
rium temperatures and pressures for mineral pairs in Akutan lavas. Both geo- 
thermometers could not be used on the same samples, because none of the 
samples analyzed by microprobe contained the three phases needed. 

Wood and m an no's (1973) geothermometer used the distribution of FeO and 
MgO between orthopyroxene and clinopyroxene to determine the equilibrium tem- 
perature. This geothermometer was used on a sample collected from Pickup 
Valley (Ak-81-23). Wells (1977) modified Wood and Banno's geothermometer 
using additional microprobe data. His geothermometer is used to corroborate 
the results obtained from Wood and Banno's (1973) geothermometer. Powell and 
Powell's (1974) geothermometer used the distribution of Mg and Fe between 
olivine and clinopyroxene to determine equilibrium temperatures. This geo- 
thermometer 
was used on two samples from Lava Peak (Ak-81-1 and Ak-81-13). 
The results for the geothermometry are shown in table 8. They indicate 
equilibrium temperatures between 992 and 1,330' C for both sets of mineral 
pairs . 

Wood (1976) noted several problems with the olivine-clinopyroxene geo- 
thermometer which would result in temperature estimates that did not reflect 
the actual crystallization temperature, but seem geologically reasonable. 
The temperature determining equation for Powell and Powell's (1974) geo- 
thermometer is : 

T=-2X,,(920000+3.6P)-0.0435(P-1)+10100 

8+R lnD-714.3 (2XA1) 

=X +x X +x Where '~1 A1 Ti Cr Fe 

D=(%g, ol"~e ,ol) ('F'e ,~l'%~ ,MI) 
and XFe and %Ig.01 

equal the mole fractions of Fe and Mg in olivine, 
$01 

respectively. 

'Fe, MI = H1 

l+(X~g'X~e) Cpx 

P= pressure in bars 



Other difficulties involve the pressure dependence of the olivine- 
clinopyroxene geothermometer and whether the phenocrysts used are in equili- 
brium. A crystallization pressure must be supplied in the equation to deter- 
mine the temperature. The values listed in table 8 are for pressures between 
1 bar and 15 kb. 

The olivine in Akutan lavas commonly occurs as both skeletal and sub- 
hedral grains. Both types of phenocrysts are similar in composition. It is 
not known whether this is due to buffering of the olivine composition by the 
liquid, or to the two types of grains crystallizing during the same time 
period. If both types of grains crystallized during the same time interval, 
then the skeletal olivine indicates crystallization at higher undercoolings. 
The clinopyroxene is subhedral, suggesting that it crystallized at a lower 
undercooling than the skeletal olivine. Clinopyroxene crystals are zoned 
over a compositional range of 5 mole percent, while zoning of both 
phenocrysts may mean they formed under similar conditions and are in 
equilibrium with each other. 

Wood and Banno's (1973) orthopyroxene-clinopyroxene geothermometer is 
pressure independent, or at least they feel the pressure effect can be 
ignored because of some evidence published by Davis and Boyd (1966) which 
indicated a 30 kb change in pressure only changed the equilibrium temperature 
50' C. This is within the error of the technique. They assume that any 
A1 0 in the pyroxenes does not affect the activity of the Mg in either of 

2 3 the pyroxenes appreciably. 

The determining equation is: 

T= -10202 
In (A cpx /A opx ) -7.65~;:43.88(~;:$~-4.6 

where A Mg2 > ( Mg 
2 

cpx,opx= ( 1 2 2 2 1  2 3 2 3 3  
(Fe+Mg X a  +Mn +Na ) M2(Fe +Fe +Mg +A1 +Cr + ~ i ~  M1 

1 

and xoPEmole percent Fe in orthopyroxene 
F e 

The amounts are in mole fractions. Wood and Banno (1973) feel that the 
temperatures are accurate to f 70 degrees2C. Th5y ignore Fe in the 
pyroxenes because if 10 percent of the Fe as Fe , the equilibrium 
temperature goes up 20 to 30°, which is within the error of the technique. 

Wells (1977) modified Wood and Banno's (1973) pyroxene geothermometer to 
fit additional pyroxene equilibrium data. Wells' corrections may result in 
an increase or decrease in the temperature estimate. 

The determining equation is: 



where K= the activity of Mg in clinopyroxene 
divided by the activity of Mg in orthopyroxene 
(see Wood and Banno, 1973) 
~ ~ ~ q m o l e  percent Fe in orthopyroxene 
Fe 

The temperatures obtained form this geothermometer are listed in table 
8. In this instance the temperatures calculated are too high. 

The lack of precision in these temperature estimates results from the 
insufficient data available regarding the thermodynamics which govern Fe and 
Mg substitution in cation sites. These temperatures should be considered 
rough estimates of equilibrium temperature for the mineral pairs concerned, 
and not accurate measurements. 

As yet, no good geobarometers have been developed for mafic igneous 
rocks. Finnerty (1976) examined the exchange of Mn, Ca, Mg, and A1 between 
garnet, olivine, clinopyroxene, and orthopyroxene in attempt to develop a 
suitable geothermometer and geobarometer. To use their geobarometer olivine 
must be in equilibrium with orthopyroxene and clinopyroxene, because the 
pyroxene pair buffered the system with respect to calcium. Finnerty and Boyd 
(1977) worked with ulteramafic rocks and the two pyroxenes were the only 
calcium bearing phases present. None of the rocks examined in this study 
contain all three mafic minerals, but plagioclase is always present and may 
act as a calcium buffer for the system. If it is valid to use plagioclase as 
a buffer, Finnerty and Boyd's technique suggest that the olivine crystallized 
at some pressure less than 10 kb which is consistent with the experimental 
studies of Baker and Eggler (1983). 

From the crystallization sequence of phases in Aleutian lavas, Marsh 
(1976) estimated their crystallization temperatures to be between 1,150 and 
1,101° C, at pressures between 1 and 5 kb. Perfit and ~ust's (1981) estimate 
of crystallization temperatures based upon ortho-clinopyroxene pairs ranges 
between 990°C and l,lOO°C. These values compare well with those discussed 
above. Marsh (1976) noted that other workers found that plagioclase was the 
liquidus phase in andesitic magmas with less than 2 percent water (Eggler and 
Burnham, 1973). For water saturated conditions plagioclase was replaced by 
orthopyroxene as the liquidus phase above about 500 bars pressure. Marsh 
concluded that crystallization took place at about 500 bars in andesitic 
magmas with less than 2 percent water. 

The temperatures obtained from the geothermometers are in the range 
expected for an erupting magma, but do not provide any additional information 
regarding the origin of Akutan lavas. 

MAGMA GENERATION MODELS 

Several models have been suggested to account for the chemical composi- 
tion of Aleutian lavas. Most of these involve partial melting of oceanic 
crust with some oceanic sediments, depleted mantle, or combinations of all 
three to account for the minor element and REE abundances. 



Coats (1962) used a "megathrust" to carry sediments down to mantle 
depths where they melted to form a rhyolitic melt. The melt then mixed with 
basaltic liquids to form andesitic magmas. Marsh (1976) derived Aleutian 
magmas from partial melts of subducted oceanic crust. He argued that there 
was not sufficient water in the mantle to form the magmas, and a more likely 
place would be subducted oceanic crust. Marsh did not use sediment 
contamination to modify the magma. 

McCulloch and Perfit (1981) argued that REE and minor element ratios 
precluded the formation of Aleutian magmas directly from melted oceanic 
crust. Rather a multistage mixinglmelting model was invoked in which the 
depleted mantle below the arc is metasomatized by a partial melt of oceanic 
crust. McCulloch and Perfit suggested that between 2 and 8 percent oceanic 
sediments are required to generate the variable large-ion lithophile 
enrichments and Sr and Nd isotope values in these magmas. 

Kay and others (1978) also argued for sediment mixing to account for Pb 
and Sr values differing from those of MORB. Aleutian samples have Pb isotope 
ratios between those of MORB and Pacific sediments, which can be accounted 
for by contamination of about 2 percent sediments. Both Kay and others 
(1978) and McCulloch and Perfit (1981) note that the lack of variability and 
low values of the Sr isotope ratios indicate that passage through old 
continental material has not affected the composition of these magmas. 

Perfit and Gust (1981) suggested that the high magnesium basalts found 
on Akutan and Unalaska islands could represent primary magmas. The 
high-alumina basalts and basaltic andesites seen on the islands could be 
generated by fractionation of olivine, clinopyroxene, and plagioclase from 
the magnesium-rich basalts. Kay (1978) also suggested that these 
high-magnesium lavas were primary melts. 

Eichelberger (1978) derived andesites from a mixture of rhyolite and 
depleted mantle. He suggested that under hydrous conditions, the lower 
oceanic crust would be amphibolite. Up to a 20 percent melt derived from 
this composition would be rhyolitic. This rhyolitic component would mix with 
a basaltic melt derived from mantle material to form andesites. 

Kay (1980) modeled magma generation using mass balance calculations, and 
concluded that one could account for the variety of magma types in the 
Aleutians by partially melting different amounts of subducted sediments, 
oceanic crust, and depleted mantle. 

Summary 

The diversity of opinion regarding the origin of andesitic magma 
indicates the lack of knowledge of both mantle composition and the role 
played by the subducted oceanic slab and sediments. It is agreed that magmas 
are related to regions of subduction, but the role of the subducted slab, 
mantle, and sediments in the development of andesitic magmas is still under 
debate. 



EVOLUTION OF IGNEOUS ROCKS OK NORTHERN AKUTAN ISLAND 

The lack of continuous outcrop makes it difficult to ascribe any 
detailed petrologic trends to Akutan lavas. The only location on northern 
Akutan Island where flows are exposed in a section not separated by debris 
flow deposits is at Lava Peak. There, the lower series of lava flows follows 
a typical trend for a fractionating magma: the lavas become more silica-rich 
up section, and the percentage of mafic minerals decreases with increasing 
silica content. Elsewhere on the island exposures do not allow for similar 
interpretations. Flows are commonly separated by thick sequences of 
pyroclastic debris making it impossible to determine whether a sequence of 
flows is the product of one, or more, magmas. 

Two petrographic groups are present on Akutan Island: Lava Peak flows 
and dikes, and lavas exposed elsewhere on the island. Clinopyroxene and 
orthopyroxene are the major mafic minerals in the latter lavas, while olivine 
and clinopyroxene are the mafic minerals in Lava Peak flows. Only rarely is 
olivine present in other lavas from Akutan Island, and even more rarely is it 
abundant. This appears to be due to higher silica values, making ortho- 
pyroxene the stable mafic phase. The most recent volcanics, the pre-1870 and 
1978 lava flows, are petrologically similar to volcanics exposed on the 
central and eastern part of the island (see table 4). 

Many aspects of the major element chemistry of the two petrologic groups 
are quite similar. Oxide diagrams and multivariate statistical analyses do 
not suggest any differences in the way the two groups fractionated or their 
parental magmas. The use of Ti0 and P 0 as discriminates indicates that 

2 5 the variance of the more abundang oxides is too great to be able to 
distinguish the four groups identified by the cluster analysis. Even these 
two oxides can not clearly distinguish between the two groups of lava flows, 
although they are able to distinguish between flows and dikes. 

Both Rb and Sr analyses, and plagioclase microprobe analyses, suggest 
compositional differences between Lava Peak flows and other lavas on the 
island. The Lava Peak flows are higher in Sr and lower in Rb and Rb/Sr then 
lavas from the remainder of the island. Lava Peak flows appear to have a 
more calcic plagioclase then plagioclase in lavas from other parts of the 
is land. 

Whole rock potassium-argon dates of 3 lava flows and one dike indicate 
volcanic activity began at least 1.5 m.y. ago. The Lava Peak flows and lava 
flows from the eastern and central part of the island were erupting 
contemporaneously about 1.1 m.y. ago. 

Any model developed to explain the igneous activity on Akutan Island 
must explain: 1) the different mineral assemblages, 2) the overall chemical 
similarity between the two petrographic groups, 3)  the differences in Rb and 
Sr contents, 4) the differences in phenocryst abundance, and 5) the identical 
radiometric ages of the two groups of flows. 

One model which accounts for these differences relies on a composition- 
ally zoned magma chamber (fig. 29). According to this model, the lavas ex- 
posed over most of the island are from central vent eruptions, which drew 



magma from the top of the chamber. Lava Peak flows are from lateral erup- 
tions which tapped magma lower in the chamber. Crystallization and settling 
of early-forming plagioclase, olivine, and clinopyroxene from the upper part 
of the magma chamber would create an upper layer deficient in phenocrysts and 
enriched in silica and incornpatable elements. The local concentration of 
these phenocrysts would create a lower layer enriched in phenocrysts and rel- 
atively silica deficient. Lavas erupting from the top of the magma chamber 
would be relatively phenocryst poor and sufficiently enriched in silica that 
orthopyroxene would replace olivine as the first mafic phase to crystallize, 
resulting in fine-grained rocks containing orthopyroxene and clinopyroxene 
phenocrysts. 

The Lava Peak eruptions, tapping a lower layer in the chamber, would be 
enriched in early formed phenocrysts and relatively silica poor. The result 
would be phenocryst-rich rocks containing olivine and clinopyroxene. The 
tholeiitic character of Akutan lavas is the result of iron enrichment in the 
liquid caused by the suppression of iron oxide precipitation. 

Different Rb and Sr abundances in the two petrologic groups result from 
partitioning of the two cations in the melt. Rb (8-fold coordination) 
cations have ionic radii of 1.49 A, while Sr (6 to 8-fold coordination) 
cations have ionic radii of 1.16 A (Shannon and Prewitt, 1969). The smaller 
divalent Sr cation can substitute for Ca (ionic radius= 1.00 A) in plagio- 
clase, while Rb is excluded from the plagioclase crystal lattice and is con- 
centrated in the residual liquid. The early-forming plagioclase would selec- 
tively remove Sr from the upper layer of the magma chamber, leaving a liquid 
relatively enriched in Rb. The lower layer, enriched in plagioclase pheno- 
crysts, would also be enriched in Sr. Magma drawn from the upper layer would 
have more Rb and less Sr than magma from lower layers. 

The overall chemical similarity between the two petrologic groups is due 
to their derivation from the same magma body, however some magma mixing may 
have complicated many of the simple trends seen. Simultaneous eruptions from 
different regions of the magma chamber resulted in lavas with the same 
radiometric age, but different characteristics. 

Magma composition on Akutan Island has not changed appreciably through 
time. While Lava Peak flows can be distinguished from the other lava flows 
on the island, the small range in chemical composition for these lavas making 
evolutionary interpretation impossible. This compositional monotony is 
characteristic of Aleutian lavas, and suggests that the magmas erupt so 
quickly that they do not differentiate significantly, or are replenished by 
the source material, resulting in lavas of relatively uniform composition. 

Dike orientations on Lava Peak, the location of the Lava Peak center, 
and the location of the recent cinder cone and lava flow suggest a persistent 
zone of weakness existing on the northwestern side of the island since at 
least 1.5 million years ago. The character of rocks from this zone has 
changed such that the most recent lavas are similar to the main vent lavas, 
and not the Lava Peak flows. 



Akutan Island is composed of basaltic and andesitic lavas, ranging from 
46 to 63 percent silica; compositions typical of other Aleutian volcanoes 
(Byers, 1959; Drewes and others, 1961; Marsh, 1976; Kay and others, 1982). 
Mineral compositions are also similar between various volcanoes (Byers, 1959; 
Drewes, 1961; Marsh, 1976; Perfit and Gust, 1981). The similarity in oxide 
analyses, mineralogy, and isotopic ratios suggests that Akutan lavas, and the 
other Aleutian volcanoes, are derived from a similar, if not the same, 
source. 

Current theories suggest that Aleutian magmas result from partially 
melting oceanic crust and/or mantle, contaminated by 2 to 8 percent 
sediments, which rises through the overlying plate and erupts on the surface. 
Nd and Sr isotope analyses indicate a mantle origin for Akutan lavas 
(McCulloch and Perfit, 1981; DePaolo, 1981). Ba/La and Pb/La ratios suggest 
that continental sediments also play a role in the development of Akutan 
magmas. At present, if is difficult to constrain the relative importance of 
mantle vs oceanic crust in Aleutian magmas. 

Volcano distribution in island arcs may be due to segmentation of the 
subducting oceanic plate (Stoiber and Carr, 1973; Hughes and others, 1980). 
Kay and others (1982) developed a segmentation model to explain the distribu- 
tion of tholeiitic and calc-alkaline volcanoes in the Aleutian arc. Their 
model restricts tholeiitic volcanoes to segment boundaries, with calc- 
alkaline; volcanoes found in segment interiors. The segments are defined by 
zones of great earthquake movement. Akutan Island is in the middle of their 
Cold Bay segment. According to their model, Akutan lavas should be calc- 
alkaline; instead they show tholeiitic affinities (Perfit and Gust, 1981). 
Kay and others' model breaks down because little petrologic information is 
available for volcanoes in the eastern Aleutian arc. Whether or not 
tholeiitic and calc-alkaline volcanoes fit into a segmentation model will not 
be clear until a great deal more information is gathered on the petrology and 
geochemistry of the region. 

This study described the petrology and geochemistry on northern Akutan 
Island. The southern half of the island should be examined in similar 
detail. In particular, Flat Tip Peak should be examined to see if it is 
petrologically similar to Lava Peak. Additional plagioclase microprobe 
analyses should be conducted to see if the compositional difference between 
Lava Peak plagioclase and the other lavas is a real phenomenon. Several more 
potassium-argon dates are needed to constrain the period of igneous activity 
more closely. It is not known what compositional type (tholeiitic or 
calc-alkaline) is currently erupting from Akutan Volcano. A detailed study 
of the geochemistry and petrology of the volcano is needed to identify the 
current trend and describe its relation to lavas erupted in the past. 
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APPENDIX I1 - Major oxides and normative minerals (in weight percent). 

Oxides 
SiO, 49.78 
T ~ O ~  0.96 

''2'3 17.36 

f :a03 
5.85 
4.55 

MnO 0.19 
MgO 6.49 
CaO 10.26 
Na 0 2.74 
KJ 0.86 

Total 99.24 

W 
I Normative minerals 
r 

' AP 0.46 
I1 1.82 
Mt 8.48 
Ab 23.19 
Or 5.08 
An 32.53 
Qtz 2.10 
0 lv 0.00 
Diop 13.47 
Hyper 12.11 

Total 99.24 99.29 99.73 99.77 100.21 99.00 97.98 99.89 95.93 95.25 97.21 98.83 
Where Ap = apatite, I1 = ilmenite, Mt = magnetite, Ab = albite, An = anorthite, Qtz = quartz, Olv = 01-ivine, Diop = diopside, and Hyper = 
hypersthene. Water was not included in the oxide totals or the normative mineral calculations. 







Oxides 
Si02 
Ti0 

"2'3 C r  O3 

Fe6 
MnO 
N i O  
MgO 
CaO 

* 

APPENDIX I11 - Microprobe da t a  f o r  Akutan lavas.  

Olv Olv Olv Olv Olv Olv Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Plag 
Core Core Core - - - R i m  R i m  R i m  Cpx Core Core Core R i m  R i m  R i m  Mid Mid Core - - -  

I Tota l  101.26 102.53 101.00 101.16 99.83 100.56 99.33 99.28 99.65 98.23 94.75 99.12 99.21 99.64 98.82 100.26 

Molecular 
sio2 
Ti0  

A' C r  2'3 O3 

Fe6 
Mno 
N i O  
MgO 
CaO 

Proport i  
1.028 
0.000 
0.000 
0.000 
0.512 
0.010 
0.001 
1.536 
0.006 
0.001 
0.000 
0.001 

Tota l  3.095 3.204 3.083 3.089 2.986 3.049 3.821 3.960 3.991 3.952 4.012 3.938 3.962 3.985 3.924 5.038 
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Hd Hd Opx Opx P lag  P l a g  P lag  P lag  
Core -- Core Mid Rim Rim Opx Opx Core Rim Core 

Oxides 
SiO, 41.86 
~ i . 0 ~  3.31 

.,,a3 11.23 
C r  O3 0.01 
Fe6 13.98 
MnO 0.44 
N i  0 0.02 
Mgo 12.64 
C a O  10.47 

2.80 
0.41 
0.02 

T o t a l  97.19 97.95 100.38 99.93 99.99 99.80 99.98 99.63 99.49 99.91 

S i02  5.609 
T i 0  0.333 

1.772 
A1283 C r  o3 0.000 
Fe6 1.566 
MnO 0.05 1 
N i O  0.004 
MgO 2.524 
CaO 1.501 

0.727 
0.072 
0.000 

T o t a l  14.159 



Appendix I11 

Oxides 
Si02 52.82 
Ti0 0.19 
~ 1 ~ 6 ~  0.61 
Cr O3 0.02 
Fe6 21.00 
MnO 1.05 
NiO 0.03 
MgO 23.42 
CaO 1.55 

0.02 

Total 100.78 

Molecular Proportions 
Si02 1.990 1.956 
Ti0 0.005 0.008 
~ 1 ~ 6 ~  0.027 0.061 
Cr O3 0.001 0.001 
~ e 6  0.662 0.630 
MnO 0.033 0.003 
NiO 0.001 0.000 
MgO 1.315 1.322 
CaO 0.063 0.059 

0.006 0.000 
e6O 0.000 0.001 

'2'5 0.001 0.000 

OPX 
Core - 

52.75 
0.24 
0.95 
0.00 
20.24 
1.00 
0.04 
23.67 
1.50 
0.00 
0.00 
0.00 

100.39 

OPX 
Core - 

52.60 
0.21 
0.75 
0.03 
20.62 
1.14 
0.00 
23.75 
1.52 
0.00 
0.00 
0.00 

100.62 

opx Opx opx 
Core Rim Rim --- 

OPX 
Rim - 

52.69 
0.24 
0.86 
0.00 
20.32 
1.06 
0.00 
23.34 
1.50 
0.04 
0.01 
0.04 

99.52 

Cpx 

50.64 
0.50 
2.18 
0.14 
9.96 
0.56 
0.05 
14.86 
19.96 
0.39 
0.00 
0.00 

99.23 

Cpx 

50.38 
0.58 
2.55 
0.02 
10.15 
0.56 
0.03 
14.50 
19.90 
0.21 
0.02 
0.00 

98.90 

Cpx 

51.44 
0.44 
1.66 
0.00 
9.96 
0.56 
0.03 
15.10 
19.78 
0.31 
0.00 
0.04 

99.30 

Cpx 

51.18 
0.46 
1.81 
0.00 
10.72 
0.62 
0.00 
14.80 
19.49 
0.38 
0.01 
0.05 

99.52 

Cpx 

51.33 
0.42 
0.42 
0.03 
10.45 
0.60 
0.04 
14.81 
19.80 
0.32 
0.01 
0.05 

98.97 

Cpx 

51.30 
0.43 
1.76 
0.02 
9.68 
0.55 
0.00 
15.01 
19.89 
0.28 
0.00 
0.02 

98.94 

Plag 

54.27 
0.06 
28.23 
0.00 
0.53 
0.00 
0.05 
0.02 
10.54 
5.43 
0.25 
0.00 

99.38 

Plag 

53.82 
0.03 
28.63 
0.02 
0.48 
0.04 
0.00 
0.00 
10.65 
5.08 
0.19 
0.00 

98.94 

Plag 

54.50 
0.04 
28.22 
0.03 
0.47 
0.00 
0.00 
0.05 
10.13 
5.33 
0.19 
0.02 

98.98 

Plag 
Plag Mid1 

Total 4.104 4.041 4.059 4.090 4.027 4.075 4.023 4.027 3.964 3.922 4.156 3.973 3.990 3.924 4.951 4.891 4.894 4.880 4.931 
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CPX CPX CPX CPX P l a g  P l a g  P l a g  P l a g  P l a g  P l a g  P l a g  P l a g  P l a g  
Cpx Cpx Core Core R i m  R i m  Core Core Core Mid R i m  R i m  R i m  R i m  - - - - - - - - M i d - - - -  

Oxides 
sio2 
Ti0 

"2'3 Cr O3 

Fe 6 
Mno 
N i O  
MgO 
CaO 

Tota l  

Molecular Proport ions 
SiO, 1.878 1.841 

0.020 
0.089 
0.001 
0.313 

MnO 0.010 
N i O  0.000 
MgO 0.799 
CaO 0.786 

0.016 
0.000 
0.001 

Total  3.912 2.894 3.936 3.944 3.931 3.907 5.045 5.061 4.989 5.053 5.033 5.056 4.946 4.930 4.973 

Where Plag = plag ioc lase ,  Opx = orthopyroxene, Cpx - clinopyroxene, and Olv - o l iv ine .  Oxide va lues  are i n  weight percent .  



Sample 

Appendix IV - Rb and Sr analyses 

Samples AK-81-8A and 8B, and AK-52A and 52B were duplicates submitted to test 
the reproducibility of the analyses. 



Appendix V 
Petrographic Descriptions of Akutan Lavas 

Porphyritic basalt dike containing plagioclase, clinopyroxene, 
and olivine phenocrysts in a holocrystalline groundmass. 

Porphritic basalt lava flow containing olivine, clinopyroxene, 
and plagioclase phenocrysts in a holocrystalline groundmass. 

Pophyritic basalt lava flow containing the same mineralogy as 
AK-8 1-2. 

Similar mineralogy and texture to AK-81-3. 

Similar to AK-81-4. 

Similar to AK-81-5. 

Similar to AK-81-6 

Similar to AK-81-7. 

Similar to AK-81-8. 

Similar to AK-81-9. 

Similar to AK-81-11. 

Similar to AK-81-12. 

Similar to AK-81-13. 

Similar to AK-81-14. 

Porphyritic andesite lava flow containing plagioclase, olivine, 
and clinopyroxene phenocrysts in a very fine-grained, vesicular 
groundmass. 

Prophyritic andesite lava flow containing plagioclase, 
clinopyroxene, orthopyroxene, and trace olivine phenocrysts in a 
very fine-grained groundmass. 

Prophyritic andesite lava flow containing plagioclase, olivine, 
clinopyroxene, and orthopyroxene phenocrysts in a fine-grained 
groundmass. 

Float from the northern flank of Akutan Volcano. Porphyritic rock 
containing plagioclase, olivine, orthopyroxene, and clinopyroxene 
phenocrysts in a vesicular glassy groundmass. 

Andesite from Pickup Valley. Porphyritic rock containing 
plagioclase, orthopyroxene, and clinopyroxene phenocrysts in a 
trachytic groundmass. 



Andesite plug containing clinopyroxene and plagioclase 
phenocrysts. The groundmass is partially altered to chlorite and 
carbonate. Quartz veinlets intrude the rock. 

Porphyritic andesite containing about 8 percent phenocrysts 
(plagioclase, orthopyroxene, and clinopyroxene). 

Porphyritic, partially altered andesite lava flow. The rock 
contains clinopyroxene, orthopyroxene, and plagioclase 
phenocrysts in a trachytic groundmass which is partially altered 
to carbonate. 

Porphritic andesite lava flow containing phenocrysts of 
plagioclase, clinopyroxene, and olivine in a trachytic 
groundmass. The olivine is largely altered to serpentine 
minerals, while the clinopyroxene and groundmass are partially 
altered to carbonate and chlorite. 

Aphanitic basalt flow. Trace plagioclase phenocrysts in a very 
fine-grained trachytic groundmass consisting of olivine, 
clinopyroxene, opaques, and plagioclase. 

Porphyritic andesite lava flow containing clinopyroxene, 
orthopyroxene, plagioclase, and trace olivine phenocrysts in a 
brown, vesicular, glassy groundmass. 

Similar mineralogy and texture to AK-81-27. 

Same as AK-81-28. 

Aphanitic basaltic dike consisting of an equigranular mass of 
olivine, clinopyroxene, plagioclase, and opaque minerals. 

Porphyritic andesite dike containing plagioclase phenocrysts in a 
fine-grained vesicular groundmass consisting of olivine, 
plagioclase, clinopyroxene, and opaque minerals. 

Aphanitic dike. Contains rare plagioclase phenocrysts in a very 
fine-grained vesicular groundmass. 

Similar to AK-81-32. The groundmass has a trachytic texture and 
contains brown glass. 

Slightly porphyritic dike containing large plagioclase and 
clinopyroxene phenocrysts in a fine-grained groundmass. 

Porphyritic andesite lava flow containing plagioclase, 
clinopyroxene, and rare olivine phenocrysts in a glassy trachytic 
groundmass. 

Altered andesite dike. Plagioclase phenocrysts in a partially 
altered, fine-grained, groundmass. The mafic phenocrysts have 
been altered to chlorite and carbonate. 



Altered andesite dike. Two percent plagioclase phenocrysts in an 
altered groundmass. 

Partially altered porphyritic andesite dike. The rock contains 
plagioclase, clinopyroxene, and opaque phenocrysts in a 
fine-grained trachytic groundmass. The phenocrysts are usually in 
the form of crystal clots. 

Partially altered porphyritic andesite dike. The rock contains 
plagioclase phenocrysts in a dark brown groundmass. The mafic 
phenocrysts have been altered to chlorite as has part of the 
groundmass. 

Aphanitic dike. The rock consists of an equigranular mixture of 
plagioclase and opaque minerals, and is partially altered to 
carbonate. 

Similar to AK-81-41, but vesicular and has a well developed 
trachytic texture. 

Hornblende andesite dike. The rock is porphyritic and contains 
plagioclase, hornblende, and clinopyroxene phenocrysts in a 
holocrystalline groundmass. The hornblende has reaction rims of 
plagioclase and opaque minerals. 

Slightly porphyritic andesite dike. The rock contains about 10 
percent plagioclase phenocrysts in a fine-grained groundmass 
consisting of plagioclase and opaques. Both the plagioclase and 
the groundmass are partially altered to chlorite. 

Similar to AK-81-44, but is slightly coarser grained. The rock 
also contains xenoliths which have a similar mineralogy as the 
host rock, but are more highly altered. The amygdules are filled 
with carbonate. 

Partially altered porphyritic andesite dike. The rock contains 
plagioclase and clinopyroxene phenocrysts in a trachytic 
groundmass. The amygdules are filled with carbonate, while the 
groundmass contains both carbonate and chlorite. 

Similar to AK-81-46. 

Similar to AK-81-47, except that carbonate alteration is more 
pervasive. 

Slightly altered porphyritic basaltic dike. Plagioclase and 
clinopyroxene phenocrysts in a holocrystalline groundmass. The 
clinopyroxene exhibits two periods of growth: an early state as 
independent phenocrysts and a late stage where it ophitically 
encloses groundmass plagioclase laths. The two stages are 
optically continuous. 



AK-81-51: Porphyritic andesite lava flow. The rock contains clinopyroxene, 
orthopyroxene, plagioclase, and opaque phenocrysts in a trachytic 
groundmass. Minor amounts of carbonate and chlorite are present. 

Slightly altered porphyritic andesite lava flow. The flow 
contains plagioclase, orthopyroxene, clinopyroxene, and opaque 
phenocrysts in a holocrystalline groundmass. The orthopyroxene 
occurs in trace amounts. 

Altered porphyritic andesite dike. The rock contains plagioclase, 
clinopyroxene, and altered olivine phenocrysts in a 
holocrystalline groundmass. The olivine is altered to chlorite. 
Chlorite-filled amygdules and carbonate-filled amygdules, rimmed 
by chlorite, are also present. 

Altered andesite dike. A few plagioclase phenocrysts in a very 
fine-grained groundmass. Carbonate and chlorite alteration is 
pervasive. 

Aphanitic dike. Less than 1 percent plagioclase phenocrysts in a 
fine-grained trachytic groundmass containing plagioclase and 
opaque minerals, and some chlorite alteration. 

Altered dike. Holocrystalline rock containing less than 1 percent 
plagioclase phenocrysts in a groundmass composed of plagioclase 
laths, opaque minerals and clinopyroxene. Chlorite and carbonate 
occur as amygdule fillings and in the groundmass. 

Partially altered andesite dike. The dike contains large 
plagioclase phenocrysts in a very fine-grained groundmass. 
Chlorite alteration is common. 

Partially altered andesite dike. Similar to AK-81-56. 

Similar to AK-81-57a. 

Similar to AK-81-57b. 

Altered andesite dike. The dike contains large plagioclase 
phenocrysts in a groundmass altering to chlorite. 

Similar to AK-81-59. 

Coarsely porphyritic basaltic dike. The dike contains large 
plagioclase, and minor olivine, phenocrysts in a holocrystalline 
groundmass. There is a great deal of brown alteration material 
present. 

Partially altered andesite lava flow. The flow contains crystal 
clots of plagioclase, opaque minerals, and clinopyroxene in a 
fine-grained trachytic groundmass. 



AK-81-63: Andesite lava flow. The flow contains plagioclase phenocrysts in 
a trachytic groundmass composed of opaque minerals, plagioclase, 
and clinopyroxene. Olivine was present, but has altered to 
chlorite. Chlorite, and carbonate are present in the groundmass. 

AK-81-64: Similar to AK-81-63. 

AK-81-65: Porphyritic andesite lava flow. The flow contains olivine, 
plagioclase, and clinopyroxene phenocrysts in a holocrystalline 
groundmass. Olivine has oxidized rims, but is otherwise 
unaltered. 

AK-81-66: Porphyritic andesite lava flow. The flow contains plagioclase and 
clinopyroxene phenocrysts in a trachytic groundmass. 

AK-81-69: Similar to AK-81-66 but originally contained olivine phenocrysts 
which have been altered to chlorite. 

AK-81-70: Altered andesite dike. The dike contains plagioclase phenocrysts 
in a groundmass composed of plagioclase, clinopyroxene, and 
opaque minerals. The groundmass has been partially altered to 
chlorite and carbonate. Amygdules are filled with chlorite and 
carbonate. 

AK-81-71: Coarsely crystalline andesite dike. the dike contains hornblende, 
orthopyroxene, and plagioclase phenocrysts. There is very little 
groundmass present. Carbonate is present as an interstitial 
filling between grains. 

AK-81-72: Porphyritic andesite dike. The dike contains aligned phenocrysts 
of plagioclase, clinopyroxene, olivine, and opaque minerals in a 
microcrystalline groundmass. 

AK-81-73: Plagioclase, clinopyroxene gabbro. Intrusive rock containing 
large plagioclase grains ophitically enclosed by clinopyroxene. 

AK-81-100: Plagioclase, clinopyroxene gabbro. Intrusive rock containing 
large plagioclase grains ophitically enclosed by clinopyroxene. 

AK-81-101: Porphyritic andesite. Plagioclase and orthopyroxene phenocrysts 
in a brown glassy groundmass. 

AK-81-102: Porphyritic basaltic plug. The intrusive contains clinopyroxene 
and plagioclase phenocrysts in a groundmass consisting of 
plagioclase, clinopyroxene, and opaque minerals. The plagioclase 
phenocrysts commonly contain inclusions of clinopyroxene and 
opaque minerals. 

AK-81-102A: Porphyritic andesite dike. The dike contains plagioclase and 
phenocrysts in a holocrystalline groundmass. 



AK-81-102B: Partially altered andesite dike. The dike contains phenocrysts of 
olivine, clinopyroxene, and plagioclase in a holocrystalline 
groundmass. 

AK-81-106- 1.5 through 
10 : Altered andesite dike. The dike contains clinopyroxene and 

plagioclase phenocrysts in a holocrystalline groundmass. The 
amount of alteration of the clinopyroxene, phenocrysts as well as 
groundmass, increases across the dike. At the top of the dike the 
mafic minerals are completely altered to chlorite and carbonate. 

AK-80-7a: Porphyritic andesite/dacite lava flow. The flow contains 
plagioclase, orthopyroxene, and clinopyroxene phenocrysts in a 
very fine-grained, unaltered groundmass. 

AK-80-8 : Similar to AK-80-7a. 



APPENDIX VI 
Application of discriminant functions 

The following Discriminant functions were produced by the stepwise 
multiple discriminant analysis (Jennrich and Sampson, 1981) and are listed in 
the text. P 0 and Ti02 are in weight percent. 

2 5 

WestF X=100.33TiO +264.092 05-83.22 
EastF Xs93.55TiO $245.032 6 -72.26 
WestD ~=151.90~i6~+414 .893285-194.84 
EastD X=125.68Ti02+343.05P205-133.74 

A particular case is classified into the group where the value of the 
discriminant function is the largest. For example, AK-81-61, a dike from Hot 
Springs Bay, containing 0.33 percent P 0 and 1.07 percent Ti02. Putting 
these values into the four discriminanz ?unctions produces the values listed 
below: 

WestF 107.35+87.15-83.22~111.28 
EastF 100.10+80.86-72.261108.69 
WestD 162.53+136.91-194.84=104.60 
EastD 134.48+113.21-133.741113.95 

The value for EastD is the largest and AK-81-61 would be classified with 
that group. Table 8 shows that AK-81-61 has been technique, see Jennrich 
(1977). 
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Figure 4 .  Change i n  percentage of o l i v i n e  and clinopyroxene i n  the lower flow s e r i e s  exposed on Lava 
Peak. Percentages were recalculated using o l i v i n e ,  clinopyroxene, and plagioclase phenocrysts only. 



Figure 5. Mineral  banding i n  a Cow Po in t  d ike .  The d ike  i s  about 1 m 
ac ros s .  



Figure 6. Intrusive rocks. A) Coarse grained intrusive from western Akutan 
Island. B) Plagioclase-clinopyroxene gabbro from Hot Springs Bay. Scale 
= 1 mm. 
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Figure 7 .  Porphyritic i n t r u s i v e  from Sandy Cove. Sca le  = 1 mm. 
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Figure 8. Microprobe analyses for Akutan clinopyroxenes and orthopyroxenes. 
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Figure 9.  Clinopyroxene zoning types. A) Hourglass zoning. B) Concentric 
zoning. Scale  = 1 mm. 



Figure 10. Common clinopyroxene twinning types. A) Simple growth twins. B) 
Polysynthetic twinning (bottom center). Scale = 1 mm. 

- 58 - 



I I 1 I I 1 

average 

rim 

core 

* I I I I t - 
M Q S ~ O ~  90 80 70 60 5 0 

~olecular  percent Forsterite 

Figure  11. Microprobe ana lyses  of o l i v i n e  phenocrysts.  Also included a r e  
ana lyses  from P e r f i t  and Gust (1981). o r ep re sen t  ana lyses  from t h i s  
s t u d y , O r e p r e s e n t  ana lyses  from P e r f i t  and Gust (1981) where o l i v i n e  
e x i s t s  i n  orthopyroxene and cl inopyroxene,  and a r e p r e s e n t s  P e r f i t  and 
Gus t ' s  (1981) ana lyses  where o l i v i n e  e x i s t s  only wi th  cl inopyroxene.  
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Figure 12. Microprobe analyses of plagioclase phenocrysts. core 0; rim a ;  
intermediate values e. 
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Figure 13.  Inc lus ions  i n  p l ag ioc l a se  phenocrysts.  A) Glass inc lus ions  
p a r a l l e l  t o  t h e  margins of t h e  c r y s t a l  and brown g l a s s  i n  t h e  i n t e r i o r  
of t h e  c r y s t a l .  B)  Opaque minerals  and cl inopyroxene w i t h i n  the  
c r y s t a l .  Sca l e  = 1 mm. 



Figure 14. Harker variation diagram. are eastern lavas; o are western 
lavas. Amounts are in weight percent. 
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Figure 15. MgO-CaO and K 0-CaO plots of Akutan samples. 0 represents 
2 

western lavas and O represents eastern lavas. 
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Figure 16. MgO-FeO and A1 0 -FeO plots of Akutan samples. 0 are western 2 3 
lavas and D are eastern lavas. 
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Figure 17. Na 0-MnO plots of Akutan samples. 0 are western lavas and U are 
2 eastern lavas. 
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Figure 18. Ti0 -K 0 plots of Akutan samples. 0 are western lavas and 2 2 13 are eastern lavas. 
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Figure 19. AFM diagram for Akutan samples. 
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Figure 20. Total alkalis vs. silica diagram from Kuno (1966). Akutan lavas 
fall in the high alumina field. 
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Figure 21. FeO /MgO vs. Si02 diagram for Akutan samples. Diagram is from 

Miyashiro (1974). 



Figure 22. CaO/A1203 vs. FeO/MgO diagram showing CaO and MgO fractionation in Akutan lavas. 
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Figure 23. Dendrograph plot  of Akutan lava flows and dikes.  D = dikes ,  F = 
lava flows, I = intrus ives ,  and DF = debris flows depos i ts .  
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Figure 25. Normative hypersthene vs. wt percent Si02 a are eastern l a v a ~ ~ a r e  

western lavas. 



Figure 26. S r  vs .  Rb diagram. Unalaska analyses taken from P e r f i t  and o the r s  
(1980). 
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Figure 29.  Carton for Akutan Island showing the central vent, Lava Peak, and the zoned magma chamber. 
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Table 1. Volcanic activity on Akutan Island since 1790. 

Date 

1790 
1828 
1838 
1845 
March 1848 
1852 
1862 
1865 
1867 
1883 
1887 
1892 
1896 
1907 
Feb. 22, 1908 
1911 
1912 
1928 
May 1929 
1931 
1946-47 
1948 
Oct. 1951 
1953 
1972 
1974 

1976-77 
Sept. 25, 1978 
1980 

Type of eruption Locat ion 

Smoking 
Smoking 
Smoking 
Smoking 
Small explosive eruption 
Parasitic cone eruption 
Smoking 
Glow seen from Unimak Pass 
? 
Small steam and ash eruption 
Lava flow 
? 
Glowing 
Continuously active 
Lava flow 
Ash fell on Akutan Village 
Smoking 
Smoke and "flaming" 
Explosive eruption and lava flow 
Explosive eruption 
Lava flow and explosive eruption 
Explosive eruption 
Explosive eruption 
? 
Explosive eruption 
Parasitic cone, ash eruption, 
and lava flow 
Explosive eruptions 
Lava flow and ash eruption 
Explosive eruption 

NW of Summit 

West flank? 

Sources: Finch (1935), Byers and Barth (1953), and Simkin and others (1981). 



Table 2 .  Modal ana lyses  f o r  wes te rn  Akutan lavas .  

Loca t ion  Sample # plag - 0 l v  Cpx -L?E!!i - GM 

Lava Peak(D) 
Lava Peak(U) 
Lava Peak(U) 
Lava Peak(U) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Old Flow 
Old Flow 
Old Flow 
Old Flow 
1978 Flow 
Pre-1870 Flow 

4.2  
8 .6  
3.2 
1.6 
2.4  
2.4 
4.4 
4 .0  
5.4 
5 . 2  
7.0 
5.6  
5 .2  
5.0 
4.8 
1.0 
0.75 
1.8 

tr. 
tr. 
0.2 

(D) = d i k e ,  (U) = upper s e r i e s ,  (L) = lower s e r i e s ,  Plag = p l a g i o c l a s e ,  Olv = 
o l i v i n e ,  Cpx = clinopyroxene, Opx = orthopyroxene, Opq = opaques, and GM = 
groundmass. 



Table 3. Modal analyses for eastern and central Akutan lavas. 

H.S.V. (D) 
H.S.V. (D) 
H.S.V. (D) 
H.S.V. (D) 
H.S.V. (D) 
H.S.V. (D) 
H.S.V. (D) 
0p.Bt. (F) 
0p.Bt. (F) 
H.S.V. (F) 
H.S.V. (F) 
H.S.V. (F) 
P.V. (F) 
P.V. (F) 
P.V. (F) 
H.S.B. (I) 
P.V. (I) 

AK-81-37 
AK-81-38 
AK-81-39 
AK-81-40 
AK-81-44 
AK-8 1-4 6 
AK-81-47 
AK-81-51 
AK-81-52 
AK-81-63 
AK-RM- 7 a 
AK-RM- 8 
AK-81-21 
AK-81-22 
AK-81-24 
AK-81-102 
AK-81-20 

tr. 
tr. 2.4 1.2 

tr. tr. 
0.2 

5.0 0.8 2.2 
7.2 0.6 1.4 

0.4 
1.2 0.6 1.4 
1.6 0.6 1.6 
7.0 1.0 
0.6 0.6 

5.4 5.2 tr. 
0.4 3.4 
0.4 3.6 tr. 1.0 

7.0 

tr. 

H.S.V. = Hot Springs Bay Valley, 0p.Bt. = Open Bight, P.V. = Pickup Valley, I 
= intrusive, F = lava flow, D = dike, Plag = plagioclase, Olv-olivine, Cpx = 
clinopyroxene, Opx = orthopyroxene, Opq = opaques, Alt = alternation miner- 
als, and GM = groundmass. 



Table 4. Crystallization sequence for Akutan lavas. 

Sample Location 

Lava Peak(D) 
Lava Peak(U) 
Lava Peak(U) 
Lava Peak(U) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Lava Peak(L) 
Old Flow 
Old Flow 
Old Flow 
Old Flow 
Old Flow(D) 
1978 Flow 
Pre-1870 Flow 
Float 
Open Bight 
Open Bight 
Pickup Valley 
Pickup Valley 
Pickup Valley 
Pickup Valley 
Cow Point (D) 
Cow Point (D) 
Cow Point (D) 
H. S . Valley (D) 
H.S. Valley(D) 
H. S . Valley (D) 
H.S. Valley(D) 
H . S . Valley (D) 
H.S. Valley(D) 
H. S . Valley (F) 
H. S . Valley (F) 
H. S. Valley(F) 
West H.S.B.(I) 
Sandy Cove (I) 

Crystallization sequence 
from left to right 

Plag-Opq-01v-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
P lag-Opq-01v-Cpx-GM 
Plag-Opq-Olv-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
Plag-Opq-Olv-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
Plag-Opq-Olv-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
P lag-Opq-01v-Cpx-GM 
Plag-Opq-01v-Cpx-GM 
Plag-Opq-01v/Opx-Cpx-GM 
Plag-Opq-01v-Opx-Cpx-GM 
Plag-Olv-GM 
Plag-GM 
Plag-Opx-Cpx-GM 
Plag-Opq-Cpx-GM 
P lag-Cpx 
Opq-CpxIPlag-GM 
Plag-Opq-Cpx-GM 
Opq-Plag-Cpx-GM 
Plag-Opq-Cpx-GM 
Plag-Opq-Opx-Cpx-GM 
OlvIPlag-Cpx-GM 
Plag-Opq-Cpx-GM 
Opq-Plag-GM 
Plag-Opq-Cpx-GM 
P lag-Cpx-GM 
Plag-Cpx-Hb -GM 
Plag-Cpx-Cpx/GM 
Plag-Opq-01v-GM 
01-Plag-Cpx-GM 
Plag-Opx-Hb-GM 
Plag-Opq-Cpx-GM 
Olv-Cpx-Plag-GM 
Plag-Opq-01-GM 
Opq-Plag-Cpx 
Opq-Cpx-Plag 

(D) = dike, (U) = upper series, (L) = lower series, Plag = plagioclase, Opq = 
opaque, Olv = olivine, Opx - orthopyroxene, Cpx = clinopyroxene, and GM = 
groundmass, H.S. Valley = Hot Springs Bay Valley, (F) = flow, (H) = horne- 
blende . 



Table 5. Posterior probabilities for the four groups of lavas distinguished 
by the cluster analysis. 

Sample Class. EastF WestF WestD EastD 

WestF 
WestF 
WestF 
WestF 
WestF 
WestF 
WestF 
WestF 
WestF 
WestF 
East F 
EastF 
EastF 
EastF 
EastF 
EastF 
EastF 
EastF 
EastF 
EastF 
East F 
EastF 
WestD 
EastD 
Eas tD 
EastD 
Eas tD 
EastD 
Eas tD 

EastF = east flows, WestF = west flows, EastD = east dikes, and WestD = west 
dikes. The classifications are those assigned by the multiple discriminant 
analysis. The original classification was taken from the groups identified 
by the cluster analysis (see figure 26). Seven samples were run as unknowns 
to see if the multiple discriminant analysis would place them in more 
appropriate groups than the ones they were originally in. 



S ample 

Table 6. Neodymium and strontium data for Akutan Island, 

Locat ion 

AK4-EJ SE of Akutan Harbor 0.70342544 0.5121923 
AK4-3 Akutan Harbor 0.70315+5 
AK4-15 Hot Springs Bay 0.7031724 0.5122552 
AK4-22 Akutan Harbor 0.70302k6 
AK4-33 Sarana Bay 0.7030855 0.51220r2 
AK4-4 7 Sarana Bay 0.7032423 

Data from McCulloch and Perf i t  (1981) and Pesqit (unpublished data).  Errors - 
are i n  the l a s t  figures given and represent mean. 



Table 7 .  Whole rock K-Ar da tes  f o r  Akutan lavas. 

% K 40 
5% g a t e  Sample Locat ion - Wt % 10 molelg % rAr 40 (x10 y r s )  

AK-81-14 L.P. (L) 0.691 0.0133 8.5 1.120.2 
AK-81-30 L.P. (L) 0.648 0.0175 23.8 1.520.1 
AK-81-23 P.V. (F) 1.23 0.0305 10.0 1.420.2 
AK-80-9a H.S.B.V. 0.806 0.0159 13.6 l.lkO.1 

4 0 (D) = dike ,  (L)  = lower s e r i e s ,  r A r  = radiogenic  argon, L.P. = Lava Peak, 
P.V. = Pickup Valley, H.S.B.V. = Hot Springs Bay Valley, (F) = flows. 



Table 8. Geothermometry for Akutan mineral pairs. 

Sample Mineral Pair Temp. at 5 kb at 10 kb at 15 kb 

AK-81-23 Opx-Cpx 1180°C* 
1185"C* 
1317"C** 
132g°C** 

AK-81-1 Olv-Cpx 992"CI/ 1O2O0C 1044°C 1075°C 
l009"CiI 1037°C 1063°C 1O9O0C 

AK-81-10 Olv-CPX 1015"CI/ 1042°C 1068°C 1095°C 
1012"Ci/ 1039°C 1066°C 1092°C 

Opx = orthopyroxene, Cpx = clinopyroxene, and Olv= olivine. *Wood and Banno 
(1973) geothermometer, **Wells (1977) geothermometer, #at one bar pressure. 


