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

A l k a l i  b a s a l t  from t h e  P r i b i l o f  I s l a n d s  has been d e s c r i b e d  by s e v e r a l  

workers (Washington and Keyes, 1930; B a r t h ,  1956; Cox and o t h e r s ,  1966; and 

Kay, 1977).  Th i s  r e p o r t  complements t h e  p r e v i o u s  r e p o r t s  by p r o v i d i n g  new 

p e t r o g r a p h i c  and geochemical  d a t a  f o r  samples from St. P a u l  and S t .  George 

I s l a n d s  and f r m  two dredge h a u l s  n e a r  St. George I s l a n d  ( F i g .  1 ) .  

The geo log ic  s e t t i n g  of t h e  Pribilof I s l a n d s  r e g i o n  is  g iven  by Bar th  

( 1 9 5 6 ) ,  Hopkins and E inarsson  (1965) ,  Cox and o t h e r s  ( 1 9 6 6 ) ,  Hopkins and 

o t h e r s  (19691, Marlow and o t h e r s  ( 1 9 7 6 ) ,  and Hopkins and Si lberman ( 1 9 7 8 ) .  

Quaternary b a s a l t  (Tab le  1 )  (Cox and o t h e r s ,  1966; Hopkins, 1976; Simpson and 

o t h e r s ,  1979) i s  ex t ruded  o n t o  the  s t r u c t u r a l l y  high P r i b i l o f  Ridge (Marlow 

and o t h e r s ,  1976) which c o n s i s t s  of rocks  as o l d  a s  l a t e  J u r a s s i c  ( V a l l i e r  and 

o t h e r s ,  1979).  B a r t h  (1956)  recognized  t h e  s t r u c t u r a l  i m p l i c a t i o n  of a l k a l i c  

volcanism i n  back-arc environments.  W e  p l a n  t o  i n t e r p r e t  a l k a l i c  volcanism i n  

the  P r i b i l o f  I s l a n d s  w i t h i n  t h e  c o n t e x t  of r e c e n t  t e c t o n i c  and p e t r o l o g i c  

f i n d i n g s  i n  t h e  s o u t h e r n  Bering Sea. 

n n d s  f o r  t h i s  p r o j e c t  were provided j o i n t l y  by t h e  U.S. Geolog ica l  

Survey and Bureau of Land Management. Funds from t h e  Bureau o f  Land 

Management were managed by t h e  Oute r  C o n t i n e n t a l  She l f  Environmental  

Assessment Program (OCSEAP) o f f i c e  of t h e  N a t i o n a l  Oceanic and Atmospheric 

A d m i n i s t r a t i o n  (NOAA)  . 



Methods 

S i x  samples ( d e s i g n a t e d  64AHP G o r  j u s t  G )  were c o l l e c t e d  from S t .  George 

I s l a n d  by Hopkins i n  1964, and 15 ( d e s i g n a t e d  75AHP or  j u s t  P) were c o l l e c t e d  

from St. Paul  I s l a n d  by Hopkins and S i l b e m a n  i n  1975. Dredge h a u l  samples 

were c o l l e c t e d  by V a l l i e r  and J. V. Gardner on two c r u i s e s  of t h e  U . S .  

Geo log ica l  Survey r e s e a r c h  v e s s e l  SEA SOUNDER i n  1976 (11  samples d e s i g n a t e d  

S76-4 D R 5 )  and 1977 ( 4  samples d e s i g n a t e d  S6-77 DR1). Sample sites are shown 

i n  F i g u r e s  1 th rough  5. 

A l l  samples were s t u d i e d  i n  t h i n  s e c t i o n  and submi t t ed  t o  t h e  U.S. 

Geolog ica l  Survey a n a l y t i c a l  l a b o r a t o r i e s  for  bulk-sample chemical  a n a l y s e s .  

S e v e r a l  samples were s e l e c t e d  f o r  e lect ron-microprobe a n a l y s i s .  

The abundance of t h e  t e n  major o x i d e s  p l u s  Xb and Sr were ana lyzed  by X- 

r a y  f l u o r e s c e n c e  methods as d e s c r i b e d  by Fabbi (1972)  and Fabbi and Elsheimer  

(1976) .  The percen tage  e r r o r  for each ox ide  o r  e lement  ana lyzed  i s  given 

below (Elsehe imer ,  p e r s .  comm. ) . 

sioa 0 . 3 6  N a Z O  1.68 

3 0 98 
K2 1.58 

Fe2 3 
0.74 Ti02 1.74 

MgO 2 39 P2°5 4.55 
CaO 1.09 Mn 2.41 

T o t a l  i r o n  was determined a s  Fe20g. The v a l u e s  were s u b s e q u e n t l y  

p a r t i t i o n e d  i n t o  FeO and Fe203 fo r  c a l c u l a t i o n  of normat ive  m i n e r a l s  u s i n g  t h e  

e q u a t i o n  Fe203 = T i 0 2  + 1.5 ( I r v i n e  and Baragar ,  1971).  T h i s  t y p e  of 

p a r t i t i o n i n g  produces  a s l i g h t l y  u n d e r s a t u r a t e d  norm. 

Trace  element a n a l y s e s  were done by 6 -s tep  v i s u a l  s e m i - q u a n t i t a t i v e  

emiss ion  spec t roscopy  w i t h  a method modif ied a f t e r  Myers and o t h e r s  ( 1 9 6 1 ) .  



The p r e c i s i o n  of t h i s  method f o r  a l l  e l ements  is  +50 and -33 p e r c e n t  of 

c o n c e n t r a t i o n .  

Concen t ra t ions  of Th and U w e r e  determined by neu t ron  a c t i v a t i o n - d e l a y e d  

neu t ron  a n a l y s i s  u s i n g  t h e  t e c h n i q u e  d e s c r i b e d  by M i l l a r d  (1976) .  Ten p e r c e n t  

p r e c i s i o n  i s  o f t e n  ach ieved ,  b u t  30 p e r c e n t  p r e c i s i o n  is common f o r  t h i s  

method. 

An independent  a n a l y s i s  of K20 was done by flame photometry ( S h a p i r o  and 

Brannock, 1962) u s i n g  a  l i t h i u m  metabora te  f u s i o n  t e c h n i q u e  developed by 

Ingamel l s  (1970) .  The a n a l y t i c a l  p r e c i s i o n  i s  one p e r c e n t  of c o n c e n t r a t i o n .  

Thin-sect ion a n a l y s e s  i n c l u d e d  c o u n t s  of 500 grid p o i n t s  u s i n g  t h e  

Glagolev-Chayes method a s  reviewed by Galehouse (1971) .  The p r e c i s i o n  of 

t h e s e  coun ts  i s  as fo l lows :  

a b s o l u t e  e r r o r  p e r c e n t  
f o r  conf idence  l e v e l s  

p e r c e n t  c o n c e n t r a t i o n  .50 .95 

Lee-Wong ana lyzed  2 7  p o l i s h e d  t h i n  s e c t i o n s  by e l e c t r o n  microprobe t o  

determine t h e  composi t ions  of pyroxene (18 samples)  o l i v i n e  (25 s a m p l e s ) ,  and 

i r o n - t i t a n i u m  o x i d e s  ( 1 0  samples ) .  Carbon-coated, p o l i s h e d  t h i n  s e c t i o n s  were 

ana lyzed  on t h e  U.S. Geolog ica l  Survey ARL E M X - S l  e l e c t r o n  microprobe i n  Menlo 

Park. The microprobe w a s  o p e r a t e d  w i t h  an a c c e l e r a t i n g  v o l t a g e  of 15 kv, a 

beam c u r r e n t  of 0 .01 p amp, and a  focused beam width of 1  urn. Data c o l l e c t e d  

on X-ray d i s p e r s i v e  s p e c t r a n e t e r s  were c o r r e c t e d  f o r  background, m a t r i x  

a b s o r p t i o n ,  c h a r a c t e r i s t i c  f l u o r e s c e n c e ,  and a tomic  number u s i n g  a modif ied 



v e r s i o n  of t h e  FRAME I V  d a t a  r e d u c t i o n  program developed a t  t h e  N a t i o n a l  

Bureau o f  S t a n d a r d s  (Yakowitz and o t h e r s ,  1973).  S tandards  i n c l u d e  n a t u r a l  

s i l i c a t e  and ox ide  samples.  The t h e o r e t i c a l  p r e c i s i o n  of e lect ron-microprobe 

a n a l y s e s  i s  p l u s  o r  minus 1 t o  3 p e r c e n t  when t h e  e lement  p r e s e n t  exceeds 10 

percent (Beaman and I s a s i ,  1971).  

Pe t rography  

Modal a n a l y s e s  i n  volume p e r c e n t  a r e  given i n  Tab le  2. 

The dominant t e x t u r e  of b a s a l t s  from t h e  P r i b i l o f  I s l a n d s  i s  i n t e r g r a n u -  

l a r  a l though  h y a l o p i l i t i c ,  i n t e r s e r t a l ,  o p h i t i c ,  and s u b o p h i t i c  t e x t u r e s  a r e  

common. P l a g i o c l a s e ,  c l inopyroxene ,  o l i v i n e ,  and opaque m i n e r a l s  (iron- 

t i t a n i u m  o x i d e s )  occur  as phenocrys t s  0.1 t o  1.5 mm i n  l o n g e s t  dimension. 

Granu les ,  0.01 t o  0.1  mm, and v e s i c l e s  and amygdules, r a n g i n g  from 0.1 t o  

5.0 mm i n  d iamete r ,  a r e  common. 

The major m i n e r a l s  p l a g i o c l a s e ,  o l i v i n e ,  and c l inopyroxene  comprise 2 6  t o  

94 p e r c e n t  of t h e  rock ,  a v e r a g i n g  70 p e r c e n t ;  i r o n - t i t a n i u m  o x i d e s  and 

n e p h e l i n e  a r e  impor tan t  a c c e s s o r i e s .  Secondary m i n e r a l s  i n c l u d e  c l a y  

m i n e r a l s ,  c a r b o n a t e ,  z e o l i t e s ,  and q u a r t z .  

P l a g i o c l a s e  phenocrys t s  are weakly zoned (less t h a n  f i v e  p e r c e n t  An) and 

r a r e l y  twinned whereas twinn ing  i s  common i n  t h e  l a t h s  and m i c r o l i t e s .  

Granules  of o l i v i n e  and c l inopyroxene  o c c a s i o n a l l y  a r e  enc losed  by p l a g i o c l a s e  

c r y s t a l s .  Excluding t h e  nephe l ine -bear ing  samples,  p l a g i o c l a s e  r a n g e s  from 15 

t o  55 volume p e r c e n t  and averages  35 p e r c e n t .  The composi t ion range ,  d e r i v e d  

from e x t i n c t i o n  a n g l e s ,  is  An 50 t o  An 75. 

Anhedral g r a n u l e s  of c l inopyroxene  a r e  p r e s e n t  i n  a l l  b u t  t h r e e  samples.  

Modal abundances range from 0 t o  40 p e r c e n t  and average 23  p e r c e n t .  Colors  i n  



p l a n e - p o l o r a r i z e d  light i n c l u d e  shades  of b u f f ,  brown, r e d ,  and l avender .  

Clinopyroxene i s  f r e s h  and i n t e r s t i t i a l ,  commonly overgrowing o l i v i n e .  

O l i v i n e  occurs  as euhedra l  t o  subhedra l  phenocrys t s  and i n t e r g r a n u l e s  i n  

amounts range from 2 t o  2 5  volume p e r c e n t .  The s m a l l e r  amounts a r e  p r e s e n t  i n  

g l a s s y  and f i n e r - g r a i n e d  rocks .  A l t e r a t i o n  is  l i m i t e d  t o  o c c a s i o n a l  r i m s  and 

v e i n s  o f  yellow-orange c l a y s .  

F resh  euhedra l  i l m e n i t e  and magne t i t e  c r y s t a l s  a r e  common. The combined 

abundance of bo th  opaque phases  r a n g e s  from z e r o  t o  30  p e r c e n t .  

H a l f  of t h e  samples a r e  h o l o c r y s t a l l i n e  and t h e  remainder  have qroundmass 

g l a s s  ( s i d e r o m e l a n e )  and t a c h y l i t e .  I n  some samples t h e  g l a s s y  qroundmass 

c o n t a i n  f i n e  n e e d l e s  of i l m e n i t e  a r r a y e d  i n  a mosaic network, s m a l l  euhedra l  

g r a i n s  o f  m a g n e t i t e ,  f i n e  n e e d l e s  of p l a g i o c l a s e  i n  a s p h e r u l i t i c  ar rangement ,  

and c r y p t o c r y s t a l l i n e  minera l s .  

I n  two samples (DR1-25 and G 1 4 2 A ) ,  a n e a r l y  i s o t r o p i c  groundmass m i n e r a l  

wi th  low r e l i e f  was i d e n t i f i e d  as n e p h e l i n e  by X-ray d i f f r a c t i o n  methods. 

Although nephe l ine  occurs  i n  normative m i n e r a l o g i e s  p e n e t r a t e d  by Bar th  

(19561, it h a s  n o t  been r e p o r t e d  p r e v i o u s l y  i n  p e t r o g r a p h i c  d e s c r i p t i o n s  o f  

P r i b i l o f  I s l a n d  b a s a l t .  G142A i s  a sample from a sha l low-sea ted  i n t r u s i v e  

s e c t i o n  on St. George. 

U l t r a m a f i c  i n c l u s i o n s  were r e p o r t e d  by Bar th  (1956)  and a l s o  occur  i n  

some of  t h e  samples d e s c r i b e d  here .  Ul t ramaf ic  i n c l u s i o n s  a r e  composed o f  

o l i v i n e  and or thopyroxene and d i s p l a y  no major r e a c t i o n  r i m s  w i t h  t h e  h o s t  

b a s a l t .  A l a r g e  p e r i d o t i t e  nodule i n  sample GI31 c o n t a i n s  o l i v i n e  and 

e n s t a t i t e  a s  pr imary phases.  The l a r g e  c r y s t a l s  a r e  c u t  by a network of f i n e  

f r a c t u r e s  which s u g g e s t s  t h a t  t h e  nodule  h a s  undergone c a t a c l a s t i c  deforma- 



t i on .  A p e r i d o t i t e  nodule i n  sample G142A i s  surrounded by a k e l y p h i t i c  r i m  

c o n s i s t i n g  of clinopyroxene. Sample G142A a l s o  con ta in s  rounded pa tches  

s i m i l a r  i n  composition t o  t h e  nephel ine-r ich h o s t ,  b u t  t h e  pa tches  a r e  

magnet i te-free.  

Amygdules con ta in  a broad assortment  of secondary minera l s  (Table  2 ) .  I n  

s imples t  and most t y p i c a l  form v e s i c l e s  a r e  l i n e d  with a yellow c l a y  

( s m e c t i t e ? ) .  Sample DR5-83 con ta in s  t h e  most e l a b o r a t e  amygdules; t hey  

c o n s i s t  of c o n c e n t r i c a l l y  arrayed f i b r o u s  c l a y ,  i s o t r o p i c  zeolite(?), 

bo t ryo ida l  c a l c i t e ,  and p l a t e y  o r  spa r ry  c a l c i t e .  Sample G142A con ta in s  r a r e  

qua r t z  amygdules. 



Major-Element Chemistry 

Weight p e r c e n t a g e s  of major o x i d e s ,  normat ive  m i n e r a l o g i e s ,  and 

d i f f e r e n t i a t i o n  i n d i c e s  a r e  p r e s e n t e d  i n  Tab le  3 .  MgO v a r i a t i o n  diagrams 

g iven  i n  F igure  6 show t h e  range  of v a l u e s  i n  major e lement  p e r c e n t a g e s .  

The average and s t a n d a r d  d e v i a t i o n  f o r  t h e  10 major e lement  o x i d e s  a r e  a s  

fo l lows :  

~ 1 ~ 6 ~  14.60 1.46 ~ , b  1.20 T 0.51 
FeT03 12.74; 1.31 Ti02 2.30 0.51 
M @  9.01 3.22 ' 2 0 ~  0.49 T 0.20 
Cao 9.27 T 0.94 MnO 0.16 7 - 0.01 - 

Except f o r  a few samples,  t h e  d a t a  e i t h e r  c l u s t e r  o r  show l i n e a r  t r e n d s  

on t h e  magnesia v a r i a t i o n  diagrams ( F i g .  6 ) .  Those samples t h a t  p l o t  o u t s i d e  

t h e  c l u s t e r s  o r  f a r  off l i n e a r  t r e n d s  a r e  DRI-25, DR5-83, G131, and G142A. 

Calcium-rich DR5-83 h a s  14 p e r c e n t  by volume c a r b o n a t e  amygdules. DR1-25 and 

G142A a l s o  a r e  ca lc ium-r ich  a n d  are s t r o n g l y  nephel ine-nonnat ive .  Sample GI3 1 

h o s t s  a Large u l t r a m a f i c  i n c l u s i o n  r e s u l t i n g  i n  h igh  MgO c o n t e n t .  Minera l  

norm c a l c u L a t i o n s  by t h e  program GNAP (Bowen, 1971) r e v e a l  b o t h  nephel ine-  and 

hypers thene-nonnat ive  samples i n  t h i s  c o l l e c t i o n .  S t .  Pau l  I s l a n d  basalts a r e  

s t r i c t l y  nephel ine-normat ive .  The composi t ion of t h e  one nephel ine-normat ive  

sample from a dredge h a u l ,  DR5-83, i s  b i a s e d  by c a l c a r e o u s  amygdules. Both 

S t .  George and DR1 samples have a mix of nephel ine-  and hypers thene-normat ive  

rocks. 

The p l o t  of normat ive  o r t h o c l a s e ,  a l b i t e ,  and a n o r t h i t e  i n  Figure 7 

d e f i n e s  an a n o r t h i t e  c o n t e n t  of 45 t o  90 mole p e r c e n t  i f  t h e  magma had 

c r y s t a l l i z e d  e n t i r e l y .  



Minor and Trace Element Chemistry 

Minor and t r a c e  element con ten t s  a r e  given i n  Table  4. Emission 

spec t rographic  ana lyses  of some t r a c e  elements from DR5 and DRl  a r e  p l o t t e d  

a g a i n s t  MgO i n  Figure 8. P rec i s ion  of da t a  based on t h i s  method does n o t  

permi t  d e t a i l e d  a n a l y s i s ,  but a few of t h e  elements such as Co, Cr and N i  

e x h i b i t  group t r e n d s  when p l o t t e d  a g a i n s t  MgO. 

The more p r e c i s e l y  determined Rb, S r ,  U ,  and Th va lues  a r e  p l o t t e d  

a g a i n s t  MgO i n  Figure 9 and a l l  show a wide s c a t t e r .  Rb/Sr r a t i o s  range from 

0.0140 t o  0.0617 and Th/U from 0.957 t o  7.90. In genera l  R b / S r  r a t i o s  are  

h igher  f o r  rocks from S t .  George I s l and ,  bu t  Th/U r a t i o s  show random 

d i s t r i b u t i o n .  



Microprobe Analyses  

Chemical data f o r  o l i v i n e ,  c l inopyroxene ,  and opaque m i n e r a l s  d e r i v e d  

from microprobe a n a l y s e s  a r e  g iven  i n  T a b l e s  5, 6, and 7 ,  r e s p e c t i v e l y .  

O l i v i n e  phenocrys t s  a r e  magnesium-rich and range  from 5 4  t o  87 mole 

p e r c e n t  Fo. FeO v a r i a t i o n  diagrams s u g g e s t  no extreme departure from t h e  

uniform i n c r e a s e  of MnO and CaO, and t h e  d e c r e a s e  o f  N i O ,  w i th  i n c r e a s i n g  FeO 

c o n t e n t  ( F i g .  10) .  Normal zoning of c r y s t a l s  from c o r e  t o  r i m  r anges  up t o  13 

mole p e r c e n t  Fo. Compositions n e a r  5 0  p e r c e n t  FeO a r e  from a n a l y s e s  of s m a l l  

g r a n u l e s  of o l i v i n e  i n  samples DR5-116 and G14. 

Normalized c l inopyroxene  composi t ions  p l o t  i n  t h e  a u q i t e  and s a l i t e  

f i e l d s  of F i g u r e  11. Some t i t a n i u m - r i c h  c l inopyroxenes  c o n t a i n  up t o  3 . 4  

p e r c e n t  Ti02. Composi t ional  zoning i s  l i m i t e d  t o  two p e r c e n t  MqO from c o r e  t o  

r i m .  

T i t a n m a g n e t i t e  and i l m e n i t e  a r e  t h e  p r i n c i p a l  opaque phases .  The 

approximate  molecu la r  formula f o r  ana lyzed  t i t a n o m a g n e t i t e  i s  

+2 +3 Fe 14,0Fe 3 ,0Crl ,0A10,5Ti5~5032 '  The c r y s t a l s  a r e  heterogeneous .  I l m e n i t e  

composi t ion approximates  FeTi03. 



Prel iminary Conclusions 

1. A l l  samples a r e  a l k a l i c  by v i r t u e  of t h e i r  p l o t  on t h e  a l k a l i - s i l i c a  

diagram (Fig .  1 2 )  of  Mac~ona ld  and Katsura  (1964) .  

2. The a l k a l i - s i l i c a  and MgO p l o t s  show t h a t  t h e  b a s a l t s  from t h e  dredge 

hau l s  have compositions more s i m i l a r  t o  b a s a l t s  from St. George I s l a n d  than t o  

b a s a l t s  from S t .  Paul  I s land .  Samples from St. Paul are l e s s  s i l i c a - r i c h  and 

have a  highly nepheline-normative mineralogy. The l a r g e  range of MgO con ten t  

i n  rocks from S t .  Paul r e f l e c t  a cons iderab le  degree of d i f f e r e n t i a t i o n .  

3 .  The AFM p l o t  of a l k a l i s ,  t o t a l  i r o n ,  and magnesium (Fig.  13 )  shows a  

d i f f e r e n t i a t i o n  t r e n d  s i m i l a r  t o  t h a t  of o t h e r  a l k a l i c  oceanic  provinces .  

Samples from S t .  Paul have t h e  widest  s c a t t e r .  

4. The s i m i l a r i t y  i n  major element chemistry of samples from St. George 

and t h e  dredge hau l s  is  c o n s i s t e n t  with t h e  geographic proximity of t h e  t h r e e  

s i t e s  with r e s p e c t  t o  S t .  Paul (F ig .  1 ) .  The l o c a t i o n  of t h e s e  samples i s  

a l s o  an express ion  of t h e  e x t e n t  of t h e  l avas  on P r i b i l o f  Ridge t h a t  a r e  

r e l a t e d  t o  vo lcan ic  a c t i v i t y  on St. George I s l and .  (The P r i b i l o f  Ridge i s  a 

northwest- t rending s t r u c t u r a l  a rch  underlying t h e  PribiLof I s l a n d s . )  

5. Rock u n i t s  on St. Paul I s l a n d  def ined  by age-dat ing (Table 1 )  are 

p a r t i a l l y  corroborated by geochemical da ta .  Except f o r  sample P35C, samples 

c o l l e c t e d  from t h e  o l d e r  vo lcan ic  u n i t  (F ig .  2 ,  legend)  have t h e  h ighes t  M ~ O  

va lues ,  ranging  from 8.1 t o  14.6 percent .  The samples from t h e  Rush H i l l  u n i t  

con ta in  6 t o  11 percent  MqO. The Bogoslov flow complex i s  w e l l  de f ined  by a  5 

pe rcen t  M g O  value.  Two samples of younger rocks,  P27A and P27B, have very 

d i f f e r e n t  va lues  of 12.6 and 6.7 percent  MgO, r e spec t ive ly .  

Samples from t h e  Myak b a s a l t  sequence on S t .  George (F igu re  3 )  have 9.1 



t o  9.5 p e r c e n t  MgO. Other  S t .  George samples from t h e  Casacade P o i n t  b a s a l t  

sequence c o n t a i n  9.9 t o  22.0 p e r c e n t  MgO. 

6. whi le  minera l  nonns and modes a r e  n o t  d i r e c t l y  comparable because of 

t h e  degree  of magma c r y s t a l l i z a t i o n ,  w e  do f i n d  t h a t  samples wi th  t h e  h i g h e s t  

p e r c e n t a g e  n e p h e l i n e  i n  t h e  norm (DRI-25 and G1421A) c o n t a i n  n e p h e l i n e  i n  the 

mode. Although DR5-32 h a s  a v a l u e  of 13 p e r c e n t  n e p h e l i n e  i n  t h e  norm, t h e  

rock  is  p o o r l y  c r y s t a l l i z e d  and n e p h e l i n e  is n o t  a p p a r e n t  i n  t h i n  s e c t i o n .  

7. The a l k a l i c  a f f i n i t i e s  of t h e  P r i b i l o f  I s l a n d  b a s a l t s  and t h e  

r e g i o n a l  normal f a u l t s  a r e  c o n s i s t e n t  w i t h  an  e x t e n s i o n a l  t e c t o n i c  s e t t i n g  on 

t h e  Ber ing Sea margin.  
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Table 2 .  Modal analyses of b a s a l t .  Mineral proportions have been normalized 
to 100 percent  exc lus ive  of v e s i c l e s ,  which are l i s t e d  separate ly .  
n = number of points  counted, tr ind ica te s  t h a t  the amount present  
i s  less than 0 . 5  percent.  Analyses by Lee-Wong. 

P lag ioc lase  
phenocrysts 
l a t h s  
micro l i t e s  

Clinopyroxene 
phenocrysts 
granules 

O l i v i n e  
phenocrys ts 
granules 
idd ings i t i z ed  

Opaque Minerals 

Amygdules 
c lay  
carbonate 
zeolite 
quartz 

Nepheline 
Sideromelane 
Tachy l i t e  
Clay 
Xenoliths - 
Ves ic l e s  



Table 2 . I cont inued)  

P l ag ioc l a se  
phenocrysts  
l a t h s  
m i c r o l i t e s  

Clinopyroxene 
phenocrys ts  - - 
granules  2 7  

O l iv ine  
phenocrysts  1 2  
g ranules  1 
i d d i n g s i t i z e d  - - 

Opaque Minerals  2 2 

Amygdules 
c l a y  -- 3 2 -- -- -- - - -- -- -- -- - - 
carbonate  - - 1 tr -- -- -- - - -- - - -- -- -- 
z e o l i t e  -- - - -- -- -- -- -- -- -- -- - - tr 
q u a r t z  -- - - -- -- -- -- -- -- -- -- -- -- 

Nephe l i n e  - - 31 -- - - -- -- - - -- -- -- -- -- 
Sideromelane - - -- -- -- - - -- - - -- - - -- -- -- 
Tachy l i t e  - - -- 5 8 -- - - -- -- - - 1 1 3  - - 7 

Clay 8 2 5 -- -- -- - - -- -- -- 4 -- 
Xenoli ths  -- -- - - -- - - -- - - -- - - 1 3  - - - - 

Ves ic l e s  3  -- - - 5 6 3 6 2 6 15 6 6 



Table 2 .  ( c o n t i n u e d )  

P l a g i o c l a s e  
p h e n o c r y s  ts -- - - 2 1 1 1 1 1 - - - - - - -- - - 
l a t h s  21  46 1 2  2 8 20 24 4 6  3 7 44 39 40 
microlites -- - - -- -- -- - - -- - - - - -- - - 

C l i n o p y r o x e n e  
p h e n o c r y s t s  tr - - 1 6 -- 1 1 - - -- - - -- - - 
g r a n u l e s  - - 26 2 1 19 2 3  2 1  2 7 2 3 2 8 39 26 26 

O l i v i n e  
p h e n o c r y s t s  5 19 5 1 2  3 9 16 11 1 9  12 9 4 
granules -- -- - - -- - - - - 1 -- -- -- -- -- 
i d d i n g s i t i z e d  -- -- -- - - -- -- -- -- -- -- -- 13 

Opaque M i n e r a l s  3 8 10 15 1 3  2 1 9 10 9 13  2 5 16 

Amygdules 
c l a y  -- -- -- - - -- -- -- 5 -- -- -- -- 
c a r b o n a t e  -- -- -- -- - - -- -- -- - - -- -- -- 
z e o l i t e  -- -- - - -- - - -- - - -- -- - - -- -- 
q u a r t z  - - -- -- -- - - -- -- -- -- 11 -- -- 

N e p h e l i n e  -- -- - - -- - - -- -- -- - - 2 0 -- -- 
S i d e r o m e l a n e  -- -- -- -- - - -- -- -- -- -- - - - - 
T a c h y l i t e  7 1 -- 30 18 40 22 -- 1 4  -- 4 -- 1 
Clay -- -- - - - - - - -- -- - - tr tr t r  -- 
X e n o l i t h s  -- -- - - -- - - -- - - - - -- 1 - - - - 

Vesicles 10 5 1 7  7 19 2 2 4 8 17 7 2 17 



S i 0 2  

A1203 
Fe203 
F e O  

MgO 
CaO 
Na20 

K20 
Ti02 

p205 
Mno 

Table  3 .  Major e lement  o x i d e s  and c a l c u l a t e d  normat ive  m i n e r a l s  i n  we igh t  p e r c e n t .  
See Table 1 f o r  key t o  rock  u n i t s  of P and G samples .  

T o t a l  97.96 98.67 98.66 100.09 9 9 - 6 9  92.33 99 .11  98.79 100.22 99.84 100.37 9 8.9 4 
*K20 0.744 0.902 0.923 0 .821 0.804 1.375 1 .047 0.882 0.799 0.859 0.850 0.683 

or 
ab 
an  
ne  
di-wo 
di-en 
d i - f  s 
hy-en 
hy-f s 
f 0 

fa 
r n t  
il 

a P  

T o t a l  100.02 100.03 100.02 100.02 100.02 100.02 100.02 100.03 100.02 100.03 100.0 3 100.02 

~ i f f e r -  
e n t i a t i o n  34.89 36.63 32.98 34.06 34.75 24.92 35.08 36.49 34 -49 35.06 34.59 32.54 
Index  

X-ray f l u o r e s c e n c e  a n a l y s e s  of ox ides  by N.  Elsheimer  and S.  Morgan f o r  DR5,  DR1,  and by B. King for P ,  G .  
*Flame photometry d e t e r m i n a t i o n  of ~~0 by p.  lock f o r  ~ 3 ~ 5 ,  DRI; x-ray f l u o r e s c e n c e  ana lyses  of K 2 0  by M .  V i l l a r e a l  
fo r  P, G. 



Table 3. (con t inued)  

Si02 

A1203 
Fe203 
FeO 

Mgo 
C a0 
Na2O 

K20 
Ti02 

'2'5 
Mno 

T o t a l  99.73 96.93 98.59 
*K20 1.103 1.782 1.436 

or 
ab 
an 
ne 
d i  -wo 
di-en 
d i - f  s 
hy-en 
h y f s  
f 0 
fa 
mt 
il 
aP 

Total 100.04 100.07 100.03 

Differ- 
e n t i a t i o n  35.59 39.32 40.79 
Index 



Table 3. (continued) 

Si02 

*203 
F e 2 O 3  
FeO 

MgO 
CaO 
Ha20 

K2Q 
Ti02 

p205 
Mno 

Total 100.68 99.20 99.48 98.84 99.55 99.91 99.29 
*K2 0 2.770 1.130 1.930 1.360 1.960 1.120 0.960 

or 
ab 
an 
ne  
di-wo 
di-en 
di-f s 
hy-en 
hy-fs 
£0 

fa 
mt 
il 
aP 

Total 100.04 100.02 100.03 100.0 100.04 100.02 100.01 

Differ- 
entiation 47.89 29.34 39.44 32.13 38.4E 33.06 32 -35  
Index 



Table 4 .  Minor and t r a c e  elements  i n  ppm; Rb/Sr and Th/U r a t i o s .  < i n d i c a t e s  
t h a t  t he  amount of element  p re sen t  is l e s s  than  the d e t e c t i o n  l i m i t .  

* Rb, S r  analyzed by X-ray f luorescence  by N. Eleheimer and S. Morgan for DR5, DRI; by B. King f o r  P ,  G. 
+ Th, U analyses by H .  T. Mil l a rd ,  C. McFee, C. B l i s s  for  DR5, D R l ;  by H .  T. M i l l a r d ,  R. J. Knight,  A. J .  B a r t e l ,  

J. P .  Hemming, R. J. White, R. J. Vinnola and A. E .  Brandt f o r  P ,  G .  
% c o e f f i c i e n t  of v a r i a t i o n  exceeds 30 pe rcen t  f o r  Th a n a l y s e s  enc losed  i n  pa ren theses  ( ) .  

A l l  o t h e r  e lements  determined by emission spectrography.  A n a l y s t s :  Jim Mountjoy f o r  DR5,  DR1;  Chr i s  Heropoulos 
for P ,  G .  



Table 4. (continued) 



T a b l e  4. (continued) 

P3SC P 363 P48 PlOO G14 - P 39 - P41 - - - G115B G131 G142A G186A G201A 



Si02 
FeO 
Mno 
N i0 
MgO 
cao 

Table 5 .  E l e c t r o n  microprobe d a t a  f o r  o l i v i n e s .  
Ana lyses  by F. Lee-Wonq. 

T o t a l  98.34 100.18 99.10 100.86 101.27 100.60 99.14 98.21 100.30 99.06 99.43 98.96 

Cations/4 oxygen 

A t o m i c  ratios 



Si02 
FeO 
Mno 
NiO 

MgO 
CaO 

Table 5 .  (cont inued)  

DR5-83 DR5-5  7 
core edge 

Total 101.26 101.31 100.70 101.11 100.46 100 -65 100.08 99.36 100.84 97.75 100.71 100.94 

Cations/4 oxygen 

A t o m i c  ratios 



Table 5 . (cont inued)  

SiOZ 
FeO 
Mno 
NiO 

MgO 
CaO 

T o t a l  100.45 100.91 100.23 100 .81  100.99 100.53 101.37 99 .51  100.36 99.54 99.78 99.05 

Ca t ions /4  oxygen 

Atomic r a t i o s  



Table 5. (continued) 

Si02 
FeO 
Mno 
N i O  

MgO 
cao 

DR5-116 DR5-121 
edge core 

DR1-24 
edge 

Total 100.24 98.23 100.28 99.74 98.49 98.54 98.58 99.17 101.27 101.16 100.89 98.16 

Ca t ions /4  oxygen 

A t o m i c  ratios 



Table 5 .  (continued) 

Si02 
F e O  
Mno 
Hi0 

MgO 
CaO 

DR1-24 
core edge core 

Total  98.98 98.40 98.43 99.02 98.21 99.90 98.22 98-34 99.14 100.23 100.35 100.32 

Cations/4 oxygen 

Atomic r a t i o s  



Table 5. (continued) 

Si02 
FeO 
Mno 
NiO 
MgO 
CaO 

P36B 
edge core 

P39 - 
edge core 

T o t a l  100.47 100.14 100.62 100.51 100.90 99.99 101.36 101.48 101.79 100.38 101.36 100.55 

Cat ions/4  oxygen 

Atomic ratios 



Table 5 .  (continued) 

S i02  
FeO 
Mno 
NiO 

Mgo 
CaO 

P4 1 - 
edge core 

PlOO 
edge core 

G14 - 
edge core 

Total 100.71 99.24 100.82 99.94 99.17 100.01 99-01 98.08 99.39 98.15 100.82 100.55 

Cations/4 oxygen 

Atomic r a t io s  



Table 5 .  (continued) 

Si02  
FeO 
Mno 
N i O  

Mgo 
CaO 

G14 - 
edge core 

Total 101.41 99.60 101.13 101.21 99.93 99.72 99.35 99.22 98.10 98.30 98.24 

Cations/4 oxygen 

~tomic ratios 



Si02  
Ti0 

A1203 
Cr2 3 
FeO 
Mno 
MgO 
cao 
N a 2 0  

Table  6 .  E l ec t ron  microprobe data f o r  pyroxenes.  
Analyses by F.  Lee-Wong. 

To t a l  101.07 101.03 101.86 97.86 100.12 99.77 99.60 101.61 98.77 98.40 100.73 98.32 

Cations/6 oxygen 

Atomic r a t i o s  



Table 6. (continued) 

S i 0 2  
T i 0  

A1203 
Cr20 3 
FeO 
Mno 
MgO 
C a O  
Na20 

Total 99.43 99.86 98.82 100.26 101.42 101.33 100.42 101.47 99.84 

C a t i o n s / f i  oxygen 

Atomic ratios 



Table 6. (cont inued)  

SiOZ 
Ti02 

2 '3 
Cr203 
Fe 0 
Mno 

Mgo 
CaO 
Na20 

T o t a l  

Cations/6 oxygen 

Atomic ratios 



Table 6. (cont inued)  

Si02 
Ti0 

A1203 
Cr203 
FeO 
MnO 

MgO 
CaO 
Na20 

Total 99.75 99.05 99.31 98.87 99.18 98.99 99.20 99.06 99.28 

Cations/6 oxygen 

Atomic ratios 



Table  7. E l e c t r o n  microprobe d a t a  f o r  opaque m i n e r a l s .  ~ e + ~  and ~ e + ~  i n  m a g n e t i t e  were 
r e c a l c u l a t e d  w i t h  an u l v o s p i n a l  molecule  (Carmichael ,  1967) .  Analyses  by F. Lee-Wong. 

DR5-34 DR5 - 34 DR1-25 P5 P2 7E P39 P39 P4 1 P48 G142A -- 
T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt 

Fe203 14.64 11.82 18.52 4.95 8.30 5.53 5 -64 10 .81  7.77 22.78 

FeO 56.24 59.14 52.73 61.15 58.41 60 -47  60.09 57.02 57 -67  50.77 

T o t a l  101.80 102.24 100.23 100 .71  100.03 101.32 100.66 99.55 98.69 100.54 

Cations/32 oxygen 



Table 7. (cont inued)  

A1203 0.09 

Cr203 1.64 

FeO 47.34 

T o t a l  101.25 

Cat ions/6  oxygen 

DR5- 34 DRS-57 
i l m e n i t e  i lmen i t e  
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Figure 1. Imation map of the Pribilof Islands and U. S. Geological 
Suwey dredge sites S76-4 and S6-77. 
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Figure 5.  Dredge site S77-6 DR1. 





Figure 7. Ternary plot  of mlecular proportions of normative feldspars. 
-1s defined in Figure 6. 



"' 
Figure 8. Magnesium variation diagram 

2 0 for trace el-ts in samples from 
dredge hauls DR5 and DRl .  Values 
for trace e l m t s  in p p ;  for ?IgO in 

MgO 
w i g h t  percent. Symbols from Figure 6 .  

15 
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Figure 9. mgnesim variation diagrams for Rb, Sr, Th, U, 
Th/U and Rb/Sr. Units for trace e1armt.s are p; for Mgo, 
weight percent. Symbols frm Figure 6. 
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Figure 10. FeO variation diagrams for electron microprobe analyses of 
olivine. Values given in wigh t  percent. Symbols fm Figure 6. 



augite 

Figure 11. Ternary &agram of electron microprobe analyses of 
pyroxene noml i zed  from mlecular proportions. Fields defined by 
Po1demaar-t and H e s s  (1951). Symbols from Figure 6. 



0.0 I 
40 45 50 

SiO 

Figure 12. Alkali-silica plot of data from the Pribilof Islands 
and dredge hauls. V a l u e s  are given in might percent. Fields 
defined by Macmnald and Katsura (1964). Symbols f m  Figure 6. 



Figure 13. Tkrnary plot of F (total iron as FeO) , A (alkalis K 2 0  + Na20), 
and M (PJlgO) noml i zed  fm weight percent data. Trends of other 
alkalic oceanic island groups are also included. Azores and &ugh Island 
data fm mhitre (1962);  Hawaiian Islands data from Macmnald and 
Katsura (1964) . Symbols from Figure 6. 
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Table  5 . (con t inued)  

S i O Z  
FeO 
Mno 
N i0 

MgO 
CaO 

DR5-5 7 
core edge 

T o t a l  101.26 101.31 100.70 101.11 100.46 100.65 100.08 99.36 100.84 97.75 100.71 100.94 

C a t i o n s / 4  oxygen 

Atomic ratios 
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Table 5 .  (continued) 

DR1-24 
core 

P5 - 
edge core 

Si02 
FeO 
Mno 
N i O  

Mgo 
CaO 

Total 98.98 98.40 98.43 99.02 98.21 99.90 98.22 98.34 99.14 100.23 100.35 100.32 

Cations/4 oxygen 

Atomic ra t ios  



Table 5. (cont inued)  

Si02 
FeO 
Mno 
NiO 

MgO 
caO 

P36B 
edge core 

P39 - 
edge core 

Total 100.47 100.14 100.62 100.51 100.90 99.99 101.36 101.48 101.79 100.38 101.36 100.55 

Cat ions /4  oxygen 

Atomic ra t ios  



Table 5, (cont inued)  

Si02 
Fe O 
Mno 
N i O  

M90 
CaO 

P4 1 - 
edge core 

PlOO 
edge core 

G14 - 
edge core 

Total 100.71 99 - 2 4  100.82 99.94 99.17 100.01 99-01 98.08 99.39 98.15 100.82 100.55 

Cat ions /4  oxygen 

A t o m i c  ratios 



Table 5. (continued) 

Si02  
FeO 
Mno 
NiO 
MgO 
CaO 

G14 - 
edge core 

Cations/4 oxygen 

Atomic ratios 
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Table 6. (continued) 

c r 2 0 j  
FeO 
Mno 
MgO 
CaO 
Na20 

T o t a l  99.75 99.05 99.31 98.87 99.18 98.99 99.20 99.06 99.28 

Cations/6 oxygen 

A t o m i c  ra t ios  



Table  7. E l e c t r o n  microprobe d a t a  f o r  opaque m i n e r a l s .  ~ e + ~  and ~ e + ~  i n  m a g n e t i t e  were 
r e c a l c u l a t e d  w i t h  an u l v o s p i n a l  molecule  (Carrnichael ,  19671. Analyses  by F. Lee-Wong. 

DR5-34 DR5-34 DR1-25 P5 P2 7E P39 P39 P41 P48 G142A -- 
T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt T i  mgnt 

Fe203 14.64 11.82 18.52 4.95 8.30 5.53 5.64 10 .81  7.77 22.78 

FeO 56.24 59.14 52.73 61.15 58.41 60 - 4 7  60.09 57.02 57.67 50.77 

T o t a l  101.80 102.24 100.23 100 .71  100.03 101.32 100.66 99.55 98.69 100.54 

Cations/32 oxygen 



Table  7. (cont inued)  

DR5 - 4 
i l m e n i t e  

S i02  1.40 

Ti02 50.78 

A1203 0.09 

Cr203 1.64 

FeO 47.34 

T o t a l  101.25 

Cat ions/6  oxygen 

DR5- 34 DR5-57 P5 G115B 
i l m e n i t e  i l m e n i t e  i l m e n i t e  i l m e n i t e  
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Figure 1. m a t i o n  map of the Pribilof Islands and U. S. -logical 
Survey dredge sites S76-4 and S6-77. 





Figure 3. Sample sites on 
St. George Island nunhered 
64AHF. Geology mapped by 
D. M. Hopkins and 
Th. Einarsson, 1964. 
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Figure 5 .  Dredge site 577-6 DR1. 
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Figure 6. Magnesium variation diagrams for nine major 
oxides. Values are in wight percent. Sample key: 
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Figure 7. Wmary plot of mlecular pmprtions of nomtive feld-5. 
Symbols defined in Figure 6.  
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Figure 9. Magnesium variation diagrams for Rb, Sr, Th, U, 
T~/u and Rb/Sr. Units for trace elerrents are p p ;  for Mgo, 
weight percent. S w l s  f ran Figure  6. 
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Figure 10. FeO variation diagrams for electron microprobe analyses of 
olivine. Values given i n  might percent. S w l s  from Figure 6. 
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Figure 11. hagram of electron microprobe analyses of 
pyroxene noml ized  fm mlecular pmprtions,  Fields defined by 
Poldwaart  and Hess (1951). Symbols from Figure 6. 



Figure 12. Alkali-silica plot of data fm the Pribilof Islands 
and &&ge hauls. V a l u e s  are given in =ight percent. Fields 
defined by PJhcDonald and Katsura (1964 ) . SymbDls f m Figure 6 .  



Figure 13.  Ternary plot of F (total iron as F a )  , A (alkalis K 2 0  + Na20) , 
and M (kQ0) normalized from weight percent data. Trends of other 
alkalic oceanic island groups are also included. A z o r e s  and Gough Island 
data f m  mlaitre (1962); Hawaiian Islands data from MacDxald and 
Katsura (1964) . S-ls from Figure 6. 


