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Abs t rac t  

B a s a l t i c  r ocks  were dredged f rom t h e  c o n t i n e n t a l  s lope ad jacent  t o  t he  
Yakutat  s h e l f  between l ong  138°00' W. and 142'301 W. i n  t h e  eas te rn  Gu l f  o f  
Alaska, The e a r l y  t o  m idd le  Eocene basa l t s  e x h i b i t  t e x t u r e s  and p r ima ry  
minera logy commonly found i n  ocean-f loor basa l t .  Most samples a re  moderate ly  
t o  seve re l y  a1 t e r e d  w i t h  secondary m ine ra l s  t y p i c a l  o f  z e o l i t e  f acies 
metamorphism. Major element chemis t ry  i s  h i g h l y  var iab le ,  and due t o  t h e  
a d d i t i o n  o f  secondary a1 k a l  ies ,  appears a1 k a l  i c .  Analyses o f  c l  inopyroxenes, 
which are u s u a l l y  t h e  o n l y  una l t e red  p r ima ry  minera l ,  i n d i c a t e  t h a t  these 
rocks  a re  predominant ly  t h o l e i  i ti c. Trace element chemis t ry  i n d i c a t e s  t h a t  
these b a s a l t s  are a heterogeneous group composed o f  anomalous, L ILE-enr iched 
(Type 11) MORB and l esse r  amounts o f  normal, L ILE-depleted (Type I) MORB. 
Simi  1  ar assernbl ages o f  chem ica l l y  d i ve rse  basal t s  o f  LILE-enr iched and L ILE-  
dep le ted  t h o l e i i t e s  have been r e p o r t e d  from seamounts on and near midoceanic 
r idges .  

I n t r o d u c t i  on 

Bedrock outcrops a long t h e  c o n t i n e n t a l  s lope  ad jacent  t o  t h e  Yakutat  
s h e l f  were sampled i n  1977, 1978, and 1979 as p a r t  o f  t h e  U.S. Geo log ica l  
Survey program f o r  e v a l u a t i o n  of t h e  geo log ic  framework and pet ro leum 
p o t e n t i a l  o f  the  ou te r  c o n t i n e n t a l  she l f  (OCS) i n  t h e  Eastern G u l f  o f  
A1 aska. Sedimentary and igneous rock, rang ing  f rom Cretaceous t o  T e r t i a r y  i n  
age, were dredged f rom 40 s i t e s  a long t h e  250-km-long nor thwes t - t rend ing  
c o n t i n e n t a l  s lope  between l o n g  138~00 '  W. and 142'30' W. f rom water depths of 
3,150 m t o  200 m. The s t r a t i g r a p h y  i n f e r r e d  f rom these samples, combined w i t h  
t h e  se ismic r e f l e c t i o n  data, i s  descr ibed by P l a f k e r  and o thers  (1980). 

Th i s  paper presents  p e t r o l o g i c  and geochemical da ta  f o r  t h e  b a s a l t i c  
rocks t h a t  comprise much of t h e  lower c o n t i n e n t a l  s lope  throughout  t h i s  area. 

Geolog ic  s e t t i n g  

The segment o f  t h e  c o n t i n e n t a l  s lope  sampled i n  t h i s  s tudy  i s  p a r t  o f  a 
r e l a t i v e l y  smal l  t r i a n g u l a r  c r u s t a l  p l a t e  t h a t  has been i n f o r m a l l y  named t h e  
Yakutat  b lock  ( P l  afker and others,  1978b; Rodgers, 1978). A v a i l  ab le  
earthquake, geolog ic ,  and mar ine se ismic  da ta  suggest t h a t  most o f  t h e  
approx imate ly  5.8 cm/yr r e 1  a t i  ve mot ion  between t h e  P a c i f i c  and No r th  Ameri can 
p l a t e s  i s  p r e s e n t l y  be ing  taken  up a long t h e  Fa i rweather  t r ans fo rm  f a u l t  and 
Pamplona zone o f  t h r u s t  f a u l t s  and f o l d s .  Re1 a t i v e  mot ion  between t h e  P a c i f i c  
p l a t e  and Yakutat  b lock  i s  smal l - -perhaps on t h e  o rder  o f  0.4 cm/yr (Lahr and 
P la f ke r ,  i n  p ress)  and occurs m a i n l y  on a system o f  i n f e r r e d  f a u l t s  ( t h e  
T r a n s i t i o n  f a u l t  zone) a t  o r  near t h e  base of t h e  c o n t i n e n t a l  slope. O f f sho re  
p a r t s  o f  t h e  Yakutat  b l ock  a re  cha rac te r i zed  by  an as.ynanetric, deep she l f  
bas in  c o n t a i n i n g  m idd le (? )  and l a t e  Cenozoic sedimentary rocks,  and a genera l  
absence o f  campressional deformat ion i n  t h e  post -Pal  eocene Cenozoic s e c t i o n  
(P la fker  and others ,  1978a; Bruns, 1979). These f e a t u r e s  suggest t h a t  t h e  



Yakutat c o n t i n e n t a l  s lope has been a t r a i l i n g  o r  s t r i k e - s l i p  marg in- - ra ther  
than  a zone o f  convergence--throughout much o f  t h e  Cenozoic. I n  t h i s  respect ,  
t h e  c o n t i n e n t a l  she l f  and s lope  of t h e  Yakutat  b lock  d i f f e r  s t r i k i n g l y  f rom 
t h e  Yakataga area t o  t h e  nor thwest  where seaward-verging t h r u s t  f a u l t s  and 
f o l d s  r e f l e c t  pervas ive  l a t e  Cenozoic compression due t o  h i gh  r a t e s  o f  
unde r th rus t i ng  a long  t h e  A l e u t i a n  Trench and Pamplona zone. 

The b a s a l t i c  r ocks  recovered from t h e  c o n t i n e n t a l  s lopes between l ong  
1 3 8 ~ 0 0 '  W .  and 1 4 2 ~ 3 0 '  W. a re  p a r t  of a sequence i n f e r r e d  from seismic 
p r o f i l e s  t o  be a t  l e a s t  1,300 m i n  th ickness.  Th i s  sequence i s  composed o f  
f 1 ows, showing some p i l l o w  s t ruc tu res ,  p o s s i b l y  i n c l u d i n g  minor d ikes  and 
s i  1 l s ,  p y r o c l  a s t i  cs, and minor  in terbedded sedimentary rocks. The u n i t  i s  
p robab ly  e a r l y  t o  m idd le  Eocene i n  age based on m i c r o f o s s i l s  i n  in terbedded 
sha le  and severa l  b a s a l t  whole rock  minimum K / A r  ages (P la f ke r  and others ,  

' 1980). 

Met hods 

The samples used i n  t h i s  s tudy  were recovered d u r i n g  t h r e e  c r u i s e s  of t h e  
U.S. Geolog ica l  Survey R / V  Sea Sounder. F i gu re  1 shows t h e  l o c a t i o n  of t he  
dredge hauls. The samples were c o l l e c t e d  w i t h  a Benthos chain-bag dredge. 
Sampling method i s  decr ibed  i n  d e t a i l  by P l a f k e r  and o the rs  (1980). 

D e t a i l e d  pe t rog raph i c  s tud ies,  supported by  X-ray d i f f r a c t i o n  analyses, 
were performed on 19 o f  t he  l e a s t - a l t e r e d  b a s a l t  samples. 

Chemical analyses were performed i n  t h e  a n a l y t i c a l  1 abo ra to r i es  o f  t h e  
U.S. Geolog ica l  Survey us ing  X-ray f luo rescence  spectroscopy (XRF), d i r e c t  
r ead ing  emiss ion spectroscopy, ins t rumenta l  neu t ron  a c t i  v a t i  on analyses 
( I N A A ) ,  and wet chemical methods. The n i n e  major oxides S i O  , A1203, Ti02, 

?il MnO, MgO, CaO, Na20, K 0, P 0 and t o t a l  i r o n  as Fe203 were etermined b y  XRF 
w i t h  an accuracy o f  o.% t o  f . 8  percen t  and p r e c i s i o n  o f  1 t o  2 percent .  
Ferrous i r o n ,  H20 and CO were determined by wet chemical methods. XRF 
methods were used t o  ana ? yze Ba, Rb, Sr, Z r ,  and Y i n  11, and Nb i n  a l l ,  o f  
t h e  19 samples w i t h  an accuracy o f  5 t o  10 percen t  and p r e c i s i o n  o f  2 t o  10 
percent .  The same 11 samples were analyzed f o r  C r ,  N i ,  and Sc by d i r e c t  
reader emission spect roscopy w i t h  an accuracy o f  10 t o  15 percen t  and 
p r e c i s i o n  o f  10 t o  30 percent .  Hf, Ta, Th, and t h e  r a r e  e a r t h  elements were 
determined i n  a l l  19 b a s a l t  samples by  INAA w i t h  an accuracy o f  5 t o  20 
percen t  and p r e c i s i o n  o f  10 t o  20 percent .  

I n  a d d i t i o n  t o  t h e  whole rock  chemistry,  m ine ra l  chemis t ry  o f  
c l inopyroxene i n  e i g h t  samples was determined w i t h  an ARL e l e c t r o n  microprobe 
u s i n g  an a c c e l e r a t i n g  vo l t age  o f  15 kv, a sample c u r r e n t  of 0.04 P A ,  and a 
beam diameter of 1 t o  2 urn. 

Pet rography 

The b a s a l t i c  rocks  c o n s i s t  o f  a wide range of t e x t u r a l  types. 
Pe t rograph ic  da ta  and modal m inera log ies  o f  t he  19 analyzed b a s a l t  samples a re  
sumnarized i n  Tab le  1. 

Most samples a re  massive t o  spa rse l y  amygdaloidal  b u t  two samples have 
more than  20 percen t  amygdules by volume. Observed t e x t u r e s  i n c l u d e  



h y a l o p i l  i t i c ,  v a r i o l  i t i c ,  i n t e r g r a n u l a r ,  i n t e r s e r t a l ,  and o p h i t i c .  Some o f  
t h e  basal  t s  are aphyr ic  bu t  most a re  spa rse l y  p h y r i c  ( < I 0  percen t )  and a few 
are  moderate ly  p h y r i  c (10-1 5 percent ) .  The phenocryst  m ine ra l s  a re  
predominant ly  p lag ioc lase ,  which i s  u s u a l l y  accompanied by  l esse r  amounts o f  
pyroxene and o n l y  r a r e l y  by 01 i vine. The p r ima ry  p l  a g i o c l  ase phenocrysts 
range f rom 0.5 t o  5.0 mn i n  s i z e  and are c a l c i c  l a b r a d o r i t e  i n  composit ion. 
T y p i c a l l y ,  t he  p l  ag ioc lase  phenocrysts a re  seve re l y  a1 t e r e d  t o  zeo l i t es ,  
c lays,  and i n  some cases t o  K- fe ldspar  and a l b i t e .  The pyroxene phenocrysts 
u s u a l l y  a re  sma l le r  i n  s i z e  (<2 mn) and a re  p a r t l y  o r  comple te ly  rep laced  by 
c h l o r i t e ,  c h l  orophaeite,  and ( o r )  a  smect i te  c lay .  When no t  a1 tered, t h e  
pyroxene phenocrysts a re  sector-zoned augi te .  The o l i v i n e  phenocrysts are 
t y p i c a l l y  smal l  ( < 1  mn) pseudomorphs of smec t i t e (? )  w i t h  i d d i n g s i t e  a1 t e r a t i o n  
r ims.  The groundmass phases a re  p l  ag ioc l  ase, c l  i nopyroxene, opaques, a1 t e r e d  
glass, and, i n  two samples, minor o l i v i n e .  The groundmass p lag ioc lase ,  l i k e  
t h e  phenocrysts, are u s u a l l y  a l t e r e d  t o  c l ays  and z e o l i t e s ,  bu t  when f r e s h  
appear t o  be m o s t l y  Ca-poor l a b r a d o r i t e  and minor andesine i n  composit ion. 
Cl inopyroxene i s  c l e a r  t o  pale-brown a u g i t e  and i s  t y p i c a l l y  unal tered,  even 
i n  h i g h l y  a1 t e r e d  samples. Opaques a re  most1 y  t i t a n m a g n e t i t e ,  o f  t e n  r i m e d  
and s ta i ned  by i r o n  oxides. Euhedral p y r i t e  i s  abundant i n  some samples. A 
1 arge v a r i e t y  o f  o the r  secondary minera ls ,  i n c l u d i n g  c lays,  c h l o r i t e  
( ch lo rophae i t e ) ,  t e a l  i t e s ,  c a l c i t e ,  ep idote,  and secondary fe ldspars ,  are 
present  as minera l  and g lass  rep1 acement o r  as v e i n l e t  and amygdule f i l l i n g .  
A v a r i e t y  o f  z e o l i t e s ,  i n c l u d i n g  analcime, are present,  b u t  most have been 
i d e n t i f i e d  by X-ray d i f f r a c t i o n  and broad beam microprobe ana l ys i s  as 
n a t r o l  i t e  and ph i1  1 i p s i t e .  

Major element chemis t ry  

The major element composi t ion and normat ive minera logy  f o r  19 b a s a l t  
samples are shown i n  Table 2. The samples are v a r i a b l e  i n  S i O  r ang ing  from 
47.2 t o  51.8 percent .  A1203 i s  moderate t o  h i g h  rang ing  f rom 23.0 t o  18.1 
percent.  MgO concent ra t ions  are t y p i c a l l y  around 7 percent  bu t  range f rom 5.9 
t o  9.7 percent ,  showing no w e l l  de f i ned  t r e n d  w i t h  o the r  oxides, modal, o r  
normat ive o l i v i n e  abundances. CaO concen t ra t i on  ranges f r om 6.7 t o  12.2 
percent,  and a l k a l i e s  are even more v a r i a b l e  w i t h  Na20 rang ing  f rom 2.8 t o  5.6 
percent  and K20 from 0.08 t o  1.7 percent .  Na20 con ten t  c o r r e l a t e s  p o s i t i v e l y  
w i t h  abundance o f  z e o l i t e s ,  b u t  h i gh  K 0 con ten t  can o n l y  sometimes be 

$ exp la ined  by t h e  presence o f  p h i  11 i p s i  e  and secondary K- fe l  dspar, 
concen t ra t ions  a re  u s u a l l y  moderate ly  high, around 1.5 t o  2  percent,  Ti bu two 
samples have l e s s  than  1 percent .  P20 and MnO are  g e n e r a l l y  low, r ang ing  
from 0.08 t o  0.39 percen t  and from 0.0 5 t o  0.28 percent,  r e s p e c t i v e l y .  

The major element chemis t ry  suggests t h a t  most o f  these  b a s a l t s  a re  
a l k a l i c .  A l l  except t h r e e  samples p l o t  i n  t he  a l k a l i n e  f i e l d  on an a l k a l i e s  
vs. s i l i c a  diagram (MacDonald and Katsura, 1964). C l e a r l y  t h e  l a r g e  a l k a l i  
con ten t  and t h e  l a r g e  v a r i a t i o n  i n  composi t ion o f  some o the r  oxides a re  t h e  
r e s u l t  o f  secondary a l t e r a t i o n .  The H20 con ten t  i s  ex t reme ly  h igh,  r ang ing  
from 2.9 t o  7.6 percent;  C02 ranges from 0.01 t o  4.2 percent ,  and t h e  
Fe203/Fe0 r a t i o  i s  h i g h l y  v a r i a b l e  rang ing  frm 0.23 t o  3.45.  The H 0 con ten t  
c o r r e l a t e s  p o s i t i v e l y  w i t h  NaZO concen t ra t i on  b u t  no e q u a l l y  w e l l  de i ned  
t r e n d  i s  apparent f o r  K20 o r  Fe203/Fe0 vs. H20. 

P 
The normat ive m ine ra l  composi t ion i s  a l s o  e a s i l y  a f f e c t e d  by secondary 

a l t e r a t i o n .  Eleven of t h e  19 samples a re  nephe l ine  normative, r e f l e c t i n g  t h e  



h i g h  secondary a1 k a l  i concentrat ions.  S i x  samples a re  01 iv ine-hypersthene 
normative, and two a re  qua r t z  normative. 

Trace element chemis t ry  

The r e s u l t  of analyses f o r  19 t r a c e  elements i n  i n d i v i d u a l  samples are 
sumnarized i n  Tab le  3. Not every  b a s a l t  sample was analyzed f o r  a l l  19 t r a c e  
elements, nor  was t h e  same method of ana l ys i s  used f o r  a l l  samples. 

The abundance o f  L I L  ( l a r g e  i o n  l i t h o p h i l e )  elements i s  a  more s e n s i t i v e  
i n d i c a t o r  o f  b a s a l t  pet rogenesis  than  major  element abundances. 
Un fo r tuna te ly ,  l a r g e  ca t i ons  o f  low valency, such as Ba, Rb, S r ,  a re  a l s o  ve ry  
s u s c e p t i b l e  t o  secondary a l t e r a t i o n .  The Ba, Rb, and S r  concen t ra t ions  i n  t h e  
b a s a l t  samples a re  h i g h l y  var iab le ,  rang ing  f o r  Ba from 20 t o  264 ppm, f o r  Rb 
from 5 t o  15 pprn, and f o r  S r  from 97 t o  353 pprn. Ba, Rb, and S r  abundances 
c o r r e l a t e  p o s i t i v e l y  w i t h  K bu t  no e q u a l l y  w e l l  de f i ned  t r e n d  e x i s t s  r e l a t i v e  
t o  Na and Ca. K/Ba and K/Rb r a t i o s  are a l so  h i g h l y  v a r i a b l e  bu t  Sr/Rb r a t i o s  
a re  low and l e s s  va r i ab le .  

High va lency L I L  elements l i k e  Z r ,  H f ,  Nb, Ta, and Th a re  a l s o  
i n c a n p a t i  b l e  and consequent i  a1 l y  n o t  apprec iab ly  i nco rpo ra ted  i n  common 
minera ls ,  but, u n l i k e  Ba, Rb, and Sr ,  no t  as mob i l e  du r i ng  secondary 
a1 t e r a t i o n  processes (Winchester and Floyd, 1976, 1977). Concentrat ions o f  Z r  
(57-194 ppm), Hf  (1.8-4.4 ppm), Nb (<5 t o  15 pprn), Ta  (0.3-1.2 pprn), and Th 
(0.3-1.0 ppm) are t o o  low f o r  normal a l k a l i c  b a s a l t s  and show g rea te r  
s i m i l a r i t y  t o  oceanic t h o l e i i t e s ,  

The compat ib le  elements Cr, N i ,  and Sc a re  t y p i c a l l y  i nco rpo ra ted  i n t o  
ferromagnesian minera ls .  Cr and N i  a re  moderate ly  high, g e n e r a l l y  over 100- 
200 pprn and 60 t o  130 ppm, r e s p e c t i v e l y ,  b u t  one sample (22A8) i s  abnormal ly 
dep le ted  i n  Cr (34  ppm) and N i  (22  pprn). Sc shows a narrower range f rom 29 t o  
47 ppm. High C r  and N i  concen t ra t ions  show a rough c o r r e l a t i o n  w i t h  h i gh  Mg 
va l  ues. 

The concent ra t ions  o f  r a r e  e a r t h  elements i n  t h e  19 samples i s  i nc l uded  
i n  Table 3. A sumnary o f  t h e  c h o n d r i t e  normal ized REE d i s t r i b u t i o n  i s  shown 
i n  F i g u r e  2. A l l  show some LREE over HREE enrichment w i t h  La/Yb rang ing  from 
1.05 t o  5.36. The g rea tes t  LREE over HREE enr ichment i s  bserved i n  t h e  
quar tz-normat i  ve t h o l e i i t e  22A7. E i g h t  samples have L"N/ '~N r a t i o s  o f  l ess  
than 1.0 and t h e i r  average and r a n  e i n  composi t ion are shown i n  F ig .  2. 
Likewise, t h e  11 samples w i t h  L ~ N / ' ~ N  a re  averaged and t h e i r  range shown as 
a f i e l d .  I t i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  abundance of HREE f o r  bo th  groups 
i s  almost i d e n t i c a l ,  w h i l e  t h e  f i e l d s  of LREE show almost no over lap.  

Cl inopyroxene chem is t r y  

I n  h i g h l y  a l t e r e d  basa l t ,  c l i nopyroxene c r y s t a l s  a re  f r e q u e n t l y  t h e  o n l y  
una l t e red  phase o f  t h e  o r i g i n a l  rock.  The ex i s tence  o f  broad c o r r e l a t i o n s  
between c l  inopyroxene composi t ion and hos t  1  ava chem is t r y  has been es tab l  i shed 
many years ago (Kushiro,  1960; LeBas, 1962; Combs, 1963).  The c l inopyroxenes 
o f  t h o l e i i t e s  are t y p i c a l l y  poorer  i n  A l ,  Na, and T i ,  b u t  r i c h e r  i n  S i  and C r  
than c l inopyroxenes from a l k a l i  basa l ts .  The o r i g i n  o f  these c o r r e l a t i o n s  i s  
complex and n o t  w e l l  understood. Besides b u l k  composi t ion o f  t he  magma and 
c r y s t a l  1 i z a t i  on sequence, which i s  c o n t r o l  1  ed by p ressure  and oxygen f ugaci  ty, 



t h e  c o o l i n g  r a t e  can a l s o  a f f e c t  pyroxene chemis t ry  (Barber i  and others,  1971; 
Coish and Tay lor ,  1979). 

Representat ive c l  inopyroxene analyses f o r  e i g h t  b a s a l t  samples a re  shown 
i n  Table 4.  I n  seven samples t h e  analyzed c l inopyroxenes are groundmass 
c r y s t a l s ;  i n  one sample (33H) t h e  ana l ys i s  i s  o f  a microphenocryst  which 
represen ts  t h e  o n l y  una l t e red  phase. The microprobe ana l ys i s  r e p o r t s  t o t a l  
i r o n  as FeO; t h e  f e r r i c  i r o n  con ten t  was est imated by us ing  t h e  method o f  
Papike and o thers  (1974). 

The c l inopyroxenes i n  t h e  dredged b a s a l t  samples show a narrow 
canpos i t i ona l  range w i t h  h i g h  S i O  (250 percent) ,  t y p i c a l l y  low A1203 ( 2.5 t o  Z 3.0 percen t ) ,  low TiOZ ('1 percen ), and low Na20 (c0.3 percent ) .  CrZ03 i s  
much more var iab le ,  r ang ing  from 0.03 t o  0.6 percent .  The b a s a l t  samples 
appear t y p i c a l l y  t h o l e i i t i c  a l though some gra ins  are a l i t t l e  h igher  i n  A1203 
(up t o  4 percen t )  and CaO ( 2 1  percen t ) .  T i  and A1 con ten t  inc rease  i n  
c l  inopyroxene w i t h  i n c r e a s i n g  coo l  i n g  r a t e ;  hence, a  c1 i nopyroxene from a 
c h i l l e d  marg in  can be h igher  i n  T i  and A1 than  one f rom t h e  i n t e r i o r  r e g i o n  o f  
t h e  same rock. C r  content  i s  o f ten  h i g h l y  v a r i a b l e  i n  c l inopyroxene c r y s t a l s  
i n  t h e  same rock  s i nce  i t  i s  concentrated i n  t h e  c r y s t a l s  f i r s t  t o  
c r y s t a l  1  i ze .  The c l  inopyroxene composi t ion o f  e i g h t  o f  t he  dredged b a s a l t  
sample i s  shown on a Ca-Mg-Fe diagram (F ig .  3). On SiOZ vs. A120 (F ig .  4 )  
and A ITv  vs. TiOp v a r i a t i o n  diagrams (LeBas, 1962) t h e  pyroxenes p o t  i n  t h e  
t h o l e i i t e  f i e l d .  
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Discuss ion  

Petrography and a1 t e r a t i  on 

The b a s a l t  samples dredged from the  c o n t i n e n t a l  s lope o f  t he  Yakutat  
b lock  e x h i b i t  a  spectrum of t ex tu res  and p r imary  minera logy  commonly found i n  
ocean- f loor  basa l ts .  A l l  samples a re  a t  l e a s t  somewhat a l te red ;  some are  
seve re l y  a1 te red .  The presence of Na-zeol i t e s  i n  a1 t e r e d  ocean-fl  oor b a s a l t  
i s  a  common occurrence; t h e  presence of potash fe ldspar  i s  r a r e  b u t  has been 
repo r ted  by  Jeh l  and o thers  (1976) i n  rocks  f rom t h e  N o r t h  At1 a n t i c  and by 
L i o u  (1979) i n  an o p h i o l i t e  s u i t e  f rom Taiwan. Au th igen ic  potash fe ldspar  
commonly forms i n  geothermal f i e l d s  b u t  i s  r a r e  i n  K 0  depleted host  rock  such 
as ocean- f loor  b a s a l t .  The presence of secondary po 5 ash f e l d s p a r  i n  some o f  
t h e  dredged samples suggests t h a t  sane of these rocks  have been sub jec ted  t o  
l o c a l  metasomatic exchange w i t h  a  K - r i c h  hydrothermal s o l u t i o n  under z e o l i t e  
f ac i es  pressure and temperature cond i t i ons  (Hemley, 1959). The bu lk  o f  t h e  
secondary minera ls ,  such as n a t r o l i t e ,  p h i l l i p s i t e ,  c a l c i t e ,  and smect i tes,  
c r y s t a l l i z e  under a  wide range of temperatures b u t  are t y p i c a l l y  cons idered t o  
be t he  r e s u l t  o f  submarine weather ing (Baragar and others ,  1976; Bohlke and 
others,  1980). No unequ ivoca l l y  metamorphic zeol  i tes, such as 1 aumont i te o r  
w a i r a k i t e ,  have been found i n  these samples. 

Major  e l  ement chemis t ry  

The b a s a l t s  from t h e  Yakutat  b l ock  show g rea t  chemical d i v e r s i t y .  On t h e  
bas is  o f  normat ive composit ion, some are qua r t z  t h o l e i  i t e s ,  some 01 i v i n e  
t h o l e i i t e s ,  bu t  most are o l i v i n e  a l k a l i  basa l ts .  The a d d i t i o n  o f  l a r g e  
amounts o f  secondary a l k a l i e s  can make a t h o l e i i t i c  rock  appear a l k a l i c .  The 
nephel ine-normat ive composi t ion of most o f  these rocks  i s  c l e a r l y  t h e  r e s u l t  



o f  a1 k a l  i enrichment by secondary a l t e r a t i o n .  Other major oxides, a1 though 
no t  as s u s c e p t i l e  t o  a l t e r a t i o n  as t h e  a l k a l i e s ,  are a l so  a f f e c t e d  t o  va ry i ng  
degrees. The FeO*/MgO r a t i o ,  which i s  t y p i c a l l y  l e s s  s e n s i t i v e  t o  a l t e r a t i o n ,  
i s  p robab ly  a f f e c t e d  by t h e  a d d i t i o n  of p y r i t e  and t h e  removal o r  a d d i t i o n  of 
Mg. K20 i n  combinat ion w i t h  Ti02, Si02, and MgO prov ides t h e  most e f f e c t i v e  
major  element d i s c r i m i n a n t  of ocean f l o o r  f rom o ther  types o f  basal  t s .  
Un fo r t una te l y ,  even t h e  samples w i t h  low K20 ( ~ 0 . 3  percen t )  have ve ry  h i gh  
H20, Na20, C02 o r  Fe203/Fe0. C lea r l y ,  major element chemis t ry  i s  o f  l i m i t e d  
use i n  i n f e r r i n g  t h e  p e t r o t e c t o n i c  a f f i n i t i e s  o f  these basa l ts .  

Trace e l  ement chemis t ry  

The t r a c e  element abundances i n  t h e  basa l t s  dredged f rom t h e  Yakutat  
b l ock  a l s o  show cons iderab le  d i v e r s i t y .  Large, low valency ca t i ons  l i k e  Ba, 
Rb, and S r  a re  most v a r i a b l e  showing cons iderab le  enrichment over normal 
oceanic t h o l e i  i t e  bu t  are no t  enr i ched  enough f o r  t y p i c a l  a1 k a l i c  basa l t .  
S ince Ba, Rb, and S r  are s u s c e p t i b l e  t o  sea-water a l t e r a t i o n  1 i k e  K, i t  i s  
conceivable t h a t  t h e y  f o l l o w e d  t h e  same enrichment t r e n d  and t h e i r  r a t i o  t o  K 
may have been preserved. The K/Ba (%loo) and K/Rb (b800-900) r a t i o s  observed 
i n  severa l  samples are very  h i g h  and s i m i l a r  t o  t h a t  i n  normal ocean r i d g e  
basa l t .  The l a r g e  h i gh  va lency ca t ions ,  are b e t t e r  i n d i c a t o r s  o f  b a s a l t  
o r i g i n  because t h e y  are r e 1  a t i  v e l y  immobile du r i ng  a1 t e r a t i o n .  These elements 
have been w i  d e l y  used t o  d i s c r i m i  nate among basal  t s  from d i f f e r e n t  t e c t o n i c  
s e t t i n g s  (Pearce and Cann, 1973; Winchester and Floyd, 1975, 1977; Wood, 
1980). Eleven o f  the  dredged b a s a l t  samples are shown on a TiOZ vs. Y/Nb 
diagram (F ig .  5 )  and a l l  samples a re  shown on a Th-Hf-Ta diagram (F ig .  6 ) .  On 
t h e  T i 0 2  vs. Y/Nb p l o t  most samples p l o t  i n  t h e  f i e l d  of ocean- f loor  t h o l e i i t e  
bu t  two samples p l o t  i n  t h e  f i e l d  of ocean- is land t h o l e i i t e .  On t h e  Th-Hf-Ta 
diagram s i x  samples p l o t  i n  t h e  f i e l d  o f  normal (N-type) MORB; a l l  o thers  p l o t  
i n  t h e  enr i ched  (E- type)  MORB and w i t h i n - p l a t e  t h o l e i i t e  which cannot be 
d i s t i n g u i s h e d  on t h e  bas i s  of these elements. Normal MORB o r  Type I ocean 
f l o o r  o f  Bryan e t  a l .  (1976) i s  t h e  low K, LREE dep le ted  abyssal t h o l e i i t e  
descr ibed by Engel e t  a l .  (1965) and Kay e t  a l .  (1970) t h a t  i s  e rup ted  a long 
t h e  normal segments o f  midoceanic r i dges .  Type I1  basa l t ,  o r  E- type MORB, 
which i s  e rup ted  near i s l a n d s  o r  p la t fo rms a s t r i d e  midocean r idges ,  i s  
i n d i s t i n g u i s h a b l e  p e t r o g r a p h i c a l l y  from Type I b a s a l t  bu t  has d i s t i n c t i v e ,  
enr i ched  t r a c e  element composit ions. However, Type 11 ocean- f l  oor b a s a l t  has 
t r a c e  element composit ions very  s i m i l a r  t o  ocean-is1 and t h o l e i  i t e  t h a t  i s  
e rup ted  w i t h i n  p l a t e s  as t h e  r e s u l t  o f  plume o r  "ho t  spots" w i t h i n  t h e  mant le  
(Basal  t i c  Volcanism P ro jec t ,  1981). 

The var iab le ,  b u t  g e n e r a l l y  high, concen t ra t ions  o f  C r ,  N i ,  and Sc a re  
i n d i c a t i v e  o f  s u b a l k a l i c  composi t ion bu t  are n o t  a b l e  t o  d i s t i n g u i s h  between 
Type I1  MORB and ocean- is land t h o l e i i t e .  

REE chemis t ry  

Normal MORB i s  cha rac te r i zed  by LREE d e p l e t i o n  showing t y p i c a l l y  a  
concave downward chond r i t e  norma l i ze  REE pa t t e rn .  E i g h t  o f  t h e  b a s a l t s  show f m an o v e r a l l  concave p a t t e r n  w i t h   la^/ N <1.0, b u t  La and Ce appear t o  have 
been s e l e c t i v e l y  mob i l i zed .  I t  has been shown t h a t  REE can a l s o  be m o b i l i z e d  
by  a l t e r a t i o n  processes; e s p e c i a l l y  LREE l i k e  La  can be s e l e c t i v e l y  enr i ched  
over  HREE (Hellman e t  al . ,  1976; Ludden and Thompson, 1979). The remain ing  
samples have LREE-enri ched p a t t e r n s  c h a r a c t e r i s t i c  o f  E-type MORB and oceanic- 



i s l a n d  basa l t .  The REE d i s t r i b u t i o n  i n  t he  b a s a l t s  dredged f rom the  "Yakutat  
b lock"  are very  s i m i l a r  t o  those i n  b a s a l t s  dredged from young seamounts near 
t he  East P a c i f i c  R i se  (EPR) (Bat iza,  1980; B a t i z a  and Vanko, 1983), and bo th  
a re  shown i n  F i g u r e  7 along w i t h  t y p i c a l  pa t t e rns  of N-type and E-type MORB. 

C 1 i nopyroxene compos i t i on 

The c l  inopyroxene chemis t ry  conf i nns  what t h e  t r a c e  e l  anent da ta  
i n d i c a t e - - t h a t ,  indeed, these rocks  are predominant ly  t h o l e i i t i c  and no t  
a1 k a l  i c. The c l  i nopyroxene cornposit i  on o f  the basal  t s  dredged from the 
Yakutat  b l ock  i s  s i m i l a r  t o  those i n  basa l t s  f r om DSDP s i t e s  i n  t h e  A t l a n t i c  
and P a c i f i c  Ocean (Mazzul lo  and Bence, 1976; Ayuso e t  al., 1976), and s i m i l a r  
t o  t h e  most commonly observed c l  i nopyroxene camposi t i  on i n  ocean-f 1 oor b a s a l t  
of W O ~ ~ ~ ~ ~ E ~ ~ ~ F S ~ ~ - ~ ~ .  Hawai i an t h o l  e i  i t e  c l  i nopyroxene i s  t y p i c a l  l y  a 1 i tt 1 e 
r i c h e r  I n  TI and a u t  t h e r e  i s  cons iderable ove r l ap  i n  composit ions 
( B a s a l t i c  Volcanism P ro jec t ,  1981). 

Concl u s i  ons 

The basa l t s  dredged from the  c o n t i n e n t a l  s lope i n  t h e  Yakutat  b lock  a re  
predominant ly  t h o l  e i  i ti c, a1 though secondary a1 k a l  i enrichment makes them 
appear a l k a l  i c .  Textures and p r ima ry  minera logy a re  t y p i c a l  o f  ocean-f1 oor 
b a s a l t  formed a t  d i v e r g i n g  p l a t e  margins. Cl inopyroxene chemistry confirms 
t h e  t h o l e i i t i c  na tu re  o f  most o f  these samples, and shows s i m i l a r i t y  t o  
t y p i c a l  c l  inopyroxene composit ions of ocean- f l  oor and oceanic i s l  and 
basal  t s .  Trace e l  w e n t  da ta  i n d i c a t e  t h a t  these  basal  t s  represen t  m o s t l y  
anomalous, LILE-enr iched, Type I 1  MORB w i t h  l esse r  amounts o f  normal, LILE- 
depleted, Type I MORB. The enr iched  Type I1 MORB has t r a c e  element a f f i n i t i e s  
w i t h  ocean- is land t h o l e i i t e s  t h a t  a re  e rup ted  i n  an i n t r a p l a t e  s e t t i n g ,  
presumably as t h e  r e s u l t  of plume o r  "ho t  spot"  a c t i v i t y  i n  t he  mant le.  The 
occurrence of LILE-enr iched, Type I1  basal ts i n  a spreading environment have 
been exp l  a i  ned as " p l  ume-re1 ated" geochemi c a l  v a r i  a t  i ons even where t h e r e  i s 
no evidence o f  s t r u c t u r a l  o r  ba thymet r i c  anomalies assoc ia ted  w i t h  a " p l  ume" 
( S c h i l l i n g  and others ,  1983). A s i m i l a r  group o f  chem ica l l y  d i ve rse  rocks  
have been dredged from smal l  seamounts near t h e  East  P a c i f i c  R i se  c o n s i s t i n g  
m o s t l y  o f  dep le ted  N-MORB and l esse r  volumes o f  enr i ched  t r a n s i t i o n a l  and even 
a l k a l i c  lavas  erupted from t h e  same volcano. The enr iched  lavas a re  more 
l i k e l y  t o  be found on r e l a t i v e l y  o l de r  l i t h o s p h e r e  (Ba t i za ,  1980; B a t i z a  and 
Vanko, 1983). 

We suggest t h a t  b a s a l t s  o f  t h e  "Yakutat  b lock"  may have formed i n  a 
s i m i l  ar environment i n  t h e  Eocene, e r u p t i n g  LILE-depl e ted  1 avas near t h e  
spreading cen te r  and L ILE-enr i  ched t r a n s i t i o n a l  1 avas w i t h  i n c r e a s i n g  d i s tance  
f rom t h e  r i dge .  
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I 1  1  u s t r a t  i ons 

F i g u r e  1. Map showing l o c a t i o n s  o f  dredged ou tc rop  samples. 
F i g u r e  2. Chondr i te  normal ized REE da ta  f o r  dredged b a s a l t  samples. 
F i g u r e  3. Pyroxene da ta  f o r  dredged basal  t s  p l o t t e d  on Ca-Mg-Fe (a tomic )  

t e r n a r y  diagram. 
F i g u r e  4.  Si02-A120 v a r i a t i o n s  i n  pyroxenes from the  dredge basa l ts .  
F i g u r e  5. T i 0  vs.  1 / ~ b  diagram. 
F i g u r e  6. ~ h - i i f / 3 - ~ a  diagram. 
F i g u r e  7. Chondr i te  normal ized REE d i s t r i b u t i o n s  i n  N-type and E-type MORB 

and i n  basal t s  dredged from seamounts near t h e  East P a c i f i c  R i se  shown 
f o r  comparison w i t h  b a s a l t s  f rom the  Eastern G u l f  o f  Alaska. 

Table 1. Modal m inera logy  and pet rography of dredged b a s a l t  samples. 
Tab le  2. Major elements, major element vo l  a t i  l e - f r e e  and normat i  ve minera l  

composit ion. 
Tab le  3. Trace element abundances. 
Tab le  4. Representat ive c l  inopyroxene composi t i o n s  f rom dredged b a s a l t  

sampl es. 



Figure 1. Map showing locations of dredged basalt samples described i n  t ex t  
and tables .  



Field of enriched basalts 
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Field of depleted basalts 

o Average of eleven samples 
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Figure 2 .  M E  di s t r ibut ion  f o r  b a s a l t s  dredged from the cont inenta l  
slope i n  the  Eastern G u l f  of Alaska normalized to average 
REE abundance i n  chondrites  (Haskin e t  a1.,1968). Note the 
s imi lar  abundance of heavy REE f o r  both t h e  LmE-depleted 
and enriched basalts. 
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Figure 4 .  Sin2  vs. A1203 variation in clinopyroxene in basalt 
dredged from the continental s l o y e  in the Eastern Gulf 
of Alaska (fields after LeSas,1962). 
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Figure 5. T i 0 2  vs. Y/Nb diagram for t h e  basalts from the continental 
slope i n  the Eastern Gulf of Alaska. Petrotectonic f i e lds  
a f t e r  Winchester and Floyd (1976). OTB= oceanic t h o l e i i t i c  
basalt ,  CTB= continental t h o l e i i t i c  basalt,CRB= continental 
alkalic basal t ,  OAB= oceanic alkalic basalt .  



Figure 6. Hf-Th-Ta diagram for the basalts dredged from the continental slope 
i n  t h e  Eastern G u l f  of Alaska. Petrotectonic f i e lds  a f t e r  Wood (1980). 
A= N-type MOM, B= E-type MOW and tholeiitic intraplate  basal t ,  C= 
alkaline i n t r ap l a t e  basalt, D= destructive plate margins. 



Figure 7. Chondrite-normalized REE distributions for basalts (a) from the 
continental slope in the Eastern Gulf of Alaska, (b) from seamounts 
near the East Pacific Rise (Batizat1980),and (c) N-type .ORB and 
(dl E-type MOPg (~asaltic Volcanism Project,1980) for comparison. 



Table 1. Petrography o f  basal t s  dredged fra the cont inental  slope i n  the eastern Gulf o f  Alaska 

"' Simple Rock Mineralogy (estimated volume percent) 
no. Texture 

Designatfon type Grounhass 
(Fig. 1) Amygdules Phenocrysts Primary Secondary 

Basalt Fine-grained, a% 5% P I  agi ocl ase 25% Chl orophaei t e  ) 35s 
b-y anygdaloidal, Chlor i te,  ca lc i te ,  Plagioclase Opaques 5% Ch lo r i t e  

1 78-22A3 al tered) porphyr i t ic ,  c l ay  minerals, ( a l t e red  t o  c l ay  Clay minerals 
1 

1 5% 
in te rse r ta l  a1 b i t e  and K-f  eldspar Ca lc i t e  5% 

Pyroxene Sphene 21 
(a l t e red  t o  c h l o r i t e )  

Diabase Fine- t o  medfum- 
1 78-22A4 (w grained, oph i t i c  --- 

ate1 y t o  i n te rse r ta l  
a1 tered) 

- -- - - - - - 

Plagioclase 4 s  Ch lo r i t e  --- I 2 M  Cl inopyroxene 30% Chlorophaei t e  ) 
Opaques 10% 

1 Basal t  Fine-grained, Plagioclase 25% Epidote 10% 
(- h y a l o p i l i t i c  Pyroxene 5% Chlorophaeite ) gX 1 78-22A5 a t e l y  t o  v a r i o l i t i c  - - - --- Opaque~ 15% Ch lo r i t e  
a1 tered) Glass 35% Zeol i tes, 

1 
( d e v i t r f f  ied)  1% Secondary feldspar) 

b' 
Basal t  Fine- t o  medium- Plagioclase 50% Ch lo r i t e  

ro [very grained, i n te r -  --- --- 13% 
1 78-22A7 C l i nopyroxene 25% Chlorophaelte ) 

s l i g h t l y  granular, t o  Opaques 12% 
a? tered) i n te rse r ta l  

Rasalt Very f i n e  grained, 5% Plagioclase 25% Ch lo r i t e  
amygdaloidal, Calcite, ch lor i te ,  Opaques 20% 25% Chlorophaeite 1 

1 78-22M a1 tered) intergranular  t o  a lb i te,  clay, and --- Calcite, re01 l t es )  IS% 
i n te rse r ta l  zeol 3 tes Feldspar, s i l i c a  1 

Clay minerals 7% 
Sphene 3% 

Ol iv ine- Fine-grained, 20% Plagioclase 30% Ch lo r i t e  
amygdaloidal, Zeoli tes, c h l o r i t e  

12% 
--* C l  i nopyroxene 20% Ch I orophaeite ) 

2 79-40A EEF in tergranular  01 i v i ne (? )  5% -- t o  in te rse r ta l  Opaques 13% 
a te l y  
a1 tered) 

Basalt Very f i n e  grained, 3% 2% Plagioclase 25% Chlorophaefte ) 5X 
(moder- amygdaloidal, Zeoli tes, ca lc i te ,  Plagioclase C l  inopyroxene 15% Ch lo r i t e  

Tr Zeol i tes 1 ate1 y porphyr i t ic ,  c l ay  minerals, ( a l t e red  t o  zeo l i tes)  O l iv ine(?)  2% 3 79-336 a1 tered) h y a l o p i l i t i c  t o  c h l o r i t e  Clinopyroxene Opaqties 20% 
i n te rse r ta l  ( a l t e red  t o  chloro-  D e v i t r i f  i ed  

phaei t e )  glass 28% 

Basa l t  Very f i n e  grained, 2% Plagioclase 40% Chlorophaei t e  13% 
{z porphyr i t ic .  Plagioclase Clinopyroxene 20% 
a t e l y  intergranul ar --- (a1 tered t o  zeo l i tes)  Opaques 25% 3 79-33H a1 tered) t o  i n te rse r ta l  Pyroxene (mostly p y r i t e )  

( a l te red t o  chloro- 
phaei te )  



Table 1. Descr ipt ion of basalts dredged f r u n  the cont inental  slope i n  the eastern Gul f  o f  Alaska (Continued) 

Map 
S a p l e  Rock Mineralogy (estimated vo\ m e  percent) 

No. Texture 
Oesf gnation type Grounhass (Ffg. 1) Amygdul es Phenocrysts Pr~mary Secondary 

Basal t  Very f i ne  grained, 5% 5% Plagioclase 35% Chlorophaeite 13% 
(m= anygdaloidal , Chlorophaeite, Plagioclase Clinopyroxene 25% Zeo l i tes  2% 
a t e l  y porphyr i t ic ,  ch lo r i t e ,  c l ay  (a1 tered t o  c l ay  Opaques 15% 

4 79-34E a1 tered) i n te rse r ta l  minerals and K - f  eldspar) 
Pyroxene 

(a l te red t o  chloro-  
phaeite or smecti t e )  

Olivine- Very fine grained, 25% 5% PlagiocTase 25% Limonite ) 
mygdaloidal, Zeoli tes, chlo- Plagioclase (c lay)  C l  inopyroxene 20% Hematite ) 5% 
glmeroporphy- r i t e ,  a l b i  t c  Pyroxene Opaque 10% Chlorophaeite 

5 79-26F 
10% -- r i t i c ,  intergran- Ol iv ine  w i th  idding- B i o t i t e  Tr 

ate1 y u la r  t o  in ter -  s i t e  r i m  
al tered) se r ta l  ( a l te red t o  smet- 

t i  te?) 

Basal t  Very f i n e  grained, 5% 1 5% Plagioclase 20% Chlorophaeite ) 
imoder- amygdalaidal, Zeoli tes, chlo- Plagioclase C J inopyroxene 25% Ch lo r i t e  
ate1 y porphyr i ti c, r i t e ,  secondary (a1 tered t o  zeol i t e s  Opaques 8% Zeoli tes, 

1 
5 79-26K a1 tered) i n te rse r ta l  feldspar and c lay)  feldspars ) 12% 

Clinopyroxene 
(chlor  i t ized) 

Basal t  Very f ine  grained, 2% 5% Plagioclase 35% Chlorophaei t e  1 5% 
5 79-26L j m t l y  amygdaloidal Ch lo r i t e  Plagioclase Cl inopyroxene 32% Zeal i t e s  1% 

al tered) porphyr i t ic ,  Zeol i tes Pyroxene Opaques 10% 
i n te rse r ta l  ( a l t e red  t o  smectite) 

O l l v i ne  Fine-grained, 25% 10% Plagioclase 18% Chlorophaeite 1 5% 
basa\t mygdaloidal, Radial c r ys ta l s  of Plagioclase C l  inopyroxene 18% Zeol l te, c l a y  ) 7X 
w y  porphyr i t i c ,  zeol i tes,  c lay  (clay, zeo l i t e  Opaques 7% mineraTs ) 

5 79-261 a l te red i n te rse r ta l  minerals, chlo-  a l t e ra t i on )  
r i t e ,  K-feldspar, Pyroxene and o l i v i n e  
a1 b i  t e  w i t h  idd ings i te  

(both replaced b y  
smecti t e }  

Basal t  Very f i n e  grained, 3% TX Plag ioc l  ase 35% Ch lo r i t e  8% 

6 77-8 (- amygdaloidal, Calcite, c h l o r i t e  Plagioclase Opaques 15% Calc t te  12% 
a te l y  porphyr i t ic ,  Some p y r i t e  rims, (a l te red t o  c lay)  Palagonite 25% 
al tered) i nterser ta l  clay, zeol i tes 

Basalt Medium-grained, 15% Plagioclase 25% Chlorophaeite ) 23X 

7 79-176 (moder- amygdalaidal , Zeolttes, c lay  --- C l  inopyroxene 30% Chlor i te  1 
a te l y  i n te rse r ta l  minerals, c h l o r i t e  Opaques 7% 
al tered) t o  subophit ic 

Basal t  Very f i ne  grained, 2% Plagioclase 25% Chlorophaeite (m porphyr i t ic ,  Plagioclase Clinopyroxene 13% Ch lo r i t e  
a1 tered) hyala-ophi t i c  2% 8 79-18C --- (a1  tered t o  c lay)  Opaques 

Pyroxene A l te red glass 28X 
(a l te red t o  chloro- 
phaei te )  
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Table 2. Major element chemistry ( i n  weiqht percent) and normative mineral  composition o f  basa l ts  dredged 
from the cont inen ta l  slope i n  the eastern Gul f  of A laska 

Map no. 
( F i g .  1) 1 1 1 1 1 2 3 3 4 5 5 5 5 6 , . 7  8 8 8 8 

Si02 46.50 47.70 49.50 49.10 42.40 48.30 44.80 46.40 47.80 45.40 46.50 47.10 47.60 44.80 45.70 47.10 47.30 45.10 45.70 

AI2O3 16.00 15.30 13.60 16.10 13.60 12.40 13.90 17.10 15.00 15.50 15.90 15.80 15.40 16.40 13.80 14.10 14.30 13.10 14.40 

Fe203 2.51 2.30 5.20 1.W 3.10 7.% 7.30 8.09 3.91 5.54 4.45 3.76 3.80 4.30 5.37 5.25 5.50 6.16 4.50 

Fd) 6.54 7.90 7.70 8.21 9.70 5.34 3.80 2.35 7.01 4.73 5.35 7.41 7 . 6  3.80 6.86 8.32 6.10 6.15 7.20 

M!@ 8.48 7.60 6.50 5.58 6.40 8.06 9.00 5.80 7.51 8.10 7.61 7.78 7.00 6.60 8.04 7.19 6.50 7.18 6.90 
Cd3 6.32 8.30 8.90 8.28 7.60 7.09 6.70 9.18 8.81 7.40 7.48 9 . % 1 0 . 1 0 1 1 . 2 0  8.55 6 .3410.20  8.67 9.00 

Na20 3.74 2.70 4.70 3.24 4 .40  4.42 5.20 3.16 3.58 4.46 3.72 2.66 4.20 3.00 3.27 3.82 3.50 3.94 4.20 

K20 1.41 1.60 0.16 0.15 0.07 0.36 0.52 0.31 0.72 0.59 1.39 0.57 0.53 0.37 0.67 0.36 1.40 0.46 0.41 

f HpO 5.04 2.94 3.30 3.69 5.87 4.47 6.19 5.23 4.44 7.63 6.80 3.60 3.24 6.00 5.82 5.22 3.90 6.50 5.W 
Ti02 1.39 1.60 1.40 1.78 2.00 1.39 1.40 1.69 1.24 0.91 0.96 1.22 1.30 1.10 1.71 2.23 1.90 1.88 1.90 

'2O5 0.22 0.31 0.19 0.37 0.29 0.14 0.12 0.16 0.11 0.07 0.08 0.11 0.15 0.19 0.15 0.23 0.26 0.19 0.20 
MnO 0.18 0.25 0.24 0.13 0.25 0.19 0.19 0.06 0.17 0.13 0.18 0.18 0.26 0.12 0.15 0.21 0.14 0.14 0.M 

co2 1.88 0.04 0.02 1.35 4.20 0.12 0.03 0.24 0.11 0.22 0.18 0.09 0.01 2.10 0.10 0.32 0.02 0.18 0.02 
Total(-0) 100.21 98.54 101.41 99.86 99.88 100.24 99.15 99.77 100.41 100.68 100.60 100.24 101.19 99.98 100.19 100.74 101.02 99.65 100.53 

B 
v o l a t i l e  f ree  -- normalized 

S i02 49.84 49.92 50.46 51.78 47.21 50.50 48.21 49.20 49.86 48.91 49.67 48.78 48.60 48.76 48.48 49.47 48.71 48.51 48.30 

*'z03 17.15 16.01 13.86 16.98 15.14 12.% 14.% 18.13 15.65 16.70 16.98 16.36 15.72 17.85 14.64 14.81 14.73 14.09 15.22 

Fe203 2.69 2.41 5.30 1-98 3.45 8.32 7.86 8.58 4.08 5.97 4.75 3.89 3.88 4.68 5.70 5.51 5.66 6.63 4.76 

FeO 7.01 8.27 7.85 8.66 10.80 5.58 4.09 2.49 7.31 5.10 5.71 7.67 7.76 4.14 7.28 8.74 6.28 6.62 7.61 

M@ 9.09 7.95 6.63 5.88 7.13 8.43 9.68 6.15 7.83 8.73 8.13 8.06 7.15 7.18 8.53 7.55 6.69 7.72 7.29 

C a0 6.77 8.69 9.07 8.73 8.46 7.41 7.21 9.73 9.19 7.97 7.99 10.32 10.31 12.19 9.07 6.66 10.50 9.33 9.51 

Ha20 4.01 2.83 4.79 3.42 4.90 4.62 5.60 3.35 3.73 4.80 3.97 2.76 4.29 3.27 3.47 4.01 3.60 4.24 4.44 

K20 1.51 1.67 0.16 0.16 0.08 0.38 0.56 0.33 0.75 0.64 1.48 0.59 0.54 0.40 0.71 0.38 1.44 0.49 0.43 

Ti02 1.49 1.67 1.43 1.88 2.23 1.45 1.51 1.79 1.29 0.98 1.03 1.26 1.33 1.20 1.81 2.39 1.96 2.02 2.01 

P2Q5 0.24 0.32 0.19 0.39 0.32 0.15 0.13 0.17 0.11 0.08 0.09 0.11 0.15 0.21 0.16 0.24 0.27 0.20 0.21 

MriO 0.19 0.26 0.24 0.14 0.28 0.20 0.20 0.06 0.18 0.14 0.19 0.19 0.27 0.13 0.16 0.22 0.14 0.15 0.21 

Tota l ( -0)  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.D0 100.00 100.00 100.00 
I 

normative minerals -- v o l a t i l e  f ree 
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Table 4. Representative clinopyroxene analyses o f  b a s a l t s  dredged 

fran the continental slope in the eastern Gulf of Alaska 

7822A4 7822A7 7940A 7933H 7934E 7926L 79178 79180 no. 

Si02 

*'2'3 
T i02  

'IF eO" 

MnO 

MgO 
C a0 

N a20 

Cr203 
SUM 


