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Summary 

A p e t r o l o g i c a l  survey is made of m a t e r i a l  c o l l e c t e d  a t  

v a r i o u s  times du r ing  t h e  h i s t o r y  of  t h e  Su r t s ey  i s l a n d ,  which 
has  now been e r u p t i n g  f o r  f o u r t e e n  months. The mineralogy is 
t h a t  of  b a s a l t i c  l ava  and t e p h r a ,  w i t h  t h e  composit ion of  t h e  
p l a g i o c l a s e  changing wi th  t i m e  towards more a l b i t i c  v a r i e t i e s  
(An 6 0  - An 53), bu t  t h e  composit ion of  t h e  o l i v i n e s  (Fo 80) 

and t h e  pyroxenes ( aug i t e )  remaining c o n s t a n t .  

One chemical  a n a l y s i s  is included, showing r a t h e r  low 
SiOZ c o n t e n t  (46.5%) f o r  r e c e n t  I c e l a n d i c  b a s a l t s ,  and a  norm, 
which does  no t  a g r e e  very w e l l  w i t h  t h e  modes. F i n a l l y  t h e  
abundances of a  few t r a c e  e lements  Are l i s t e d .  

(i) Tntroduct ion 

S ince  t h e  beginning of t h e  Su r t s ey  e r u p t i o n  i n  November 
1963, rock samples have been c o l l e c t e d  a t  v a r i o u s  times f o r  
i n s p e c t i o n  and a n a l y s i s .  A s  y e t  on ly  a  p re l imina ry  survey has  
been made of t h e s e  samples,  but  f u r t h e r  r e s e a r c h  w i l l  be  f o r t h -  
coming i n  due course .  

The n a t u r e  of  t h e  e r u p t i o n  has  changed s e v e r a l  times 
dur ing  its h i s t o r y :  The i n i t i a l  e x p l o s i v e  phase  l a s t e d  u n t i l  
t h e  4 t h  of A p r i l  1964, when q u i e t  ou tpour ing  of l ava  took 
over f o r  a  month. Then lava-fountain  a c t i v i t y  ensued u n t i l  
t h e  9 t h  of J u l y ,  when t h e  l ava  s t a r t e d  t o  f low aga in ,  To begin 
wi th ,  t h e  l ava  flowed s t r a i g h t  o u t  o f  t h e  ven t  t o  b u i l d  up 



t h e  a r e a  a round ,  b u t  towards  t h e  end o f  August 1964 i t  changed 

h a b i t ,  and has  s i n c e  t h e n  escaped from t h e  c r a t e r  i n  t u n n e l s  

t o  emerge a t  s e a  l e v e l  some 800 m away. Specimens a r e  a t  hand 

r e p r e s e n t i n g  t h e  v a r i o u s  phase s ,  and from t h e i r  comparison one  

may deduce c e r t a i n  f a c t s  i n  connec t i on  w i t h  t h e  c o u r s e  o f  

c r y s t a l l i z a t i o n ,  even w i t h  r e f e r e n c e  t o  t h e  t empe ra tu r e ,  and 

t h e  c i r cums t ances  o f  t h e  f o rma t ion  o f  t h e  t e x t u r e s .  

I n  t h e  e a r l y  days  o f  t h e  e r u p t i o n ,  samples  were o b t a i n e d  

from t h e  ash-cloud by s a i l i n g  t h e  c o a s t  guard  v e s s e l s  under 

t h e  f a l l i n g  e j e c t a  and t h e n  c o l l e c t i n g  from t h e  deck,  L a t e r ,  

when a s c e n s i o n  on t h e  i s l a n d  became less hazardous ,  specimens  

of  bombs and l ava  were g a t h e r e d  i n  t h e  u s u a l  way by l a n d i n g  

p a r t i e s .  

(ii) Pe t rography  

The t u f f  ( s l i d e  A ,  c f .  f o o t n o t e  on Tab l e  I) r e p r e s e n t s  

t h e  c h i l l e d  magma, which h a s  l o s t  most o f  i ts  g a s e s .  The 

m i n e r a l  assemblage may t h e n  presumably b e  r ega rded  a s  t h a t  

of  t h e  magma i n  t h e  c r a t e r .  The l i q u i d  is r e p r e s e n t e d  by t h e  

brown, t r a n s l u c e n t  s ide romelane  g l a s s  (73%) i n  which o l i v i n e  

(7.7%) and p l a g i s c l a s e  (7.3%) c r y s t a l s  occur  q u i t e  abundan t l y .  

The o l i v i n e s  (about  Fo 80) appear  t o  be  i n  t h e  p r o c e s s  of  

r a p i d  growth.  They a r e  o f t e n  q u i t e  larg:e,  b u t  a lmos t  i n v a r i a b l y  

s k e l e t a l ;  o l i v i n e  m i c r o l i t e s  a r e  common a s  w e l l .  A few, some- 

what zoned phenoc rys t s  o f  p l a g i o c l a s e  a r e  p r e s e n t ,  b u t  t h e  

m a j o r i t y  occur  a s  t i n y  n e e d l e s  o r  m i c r o l i t e s  w i t h  s u t u r e d  ends .  

The i r  composi t ion  is t h a t  o f  h igh  t empe ra tu r e  l a b r a d o r i t e  

(An 60).  Ne i t he r  pyroxene nor  i r o n  o r e  ha s  c r y s t a l l i z e d  y e t ,  

b u t  t h e  o r e  is p r e s e n t  a s  i r r e g u l a r  c l o t s  i n  t h e  g l a s s ,  fre- 

q u e n t l y  f r i n g i n g  g a s  bubb l e s ,  which occupy 15r20% of  t h e  

rock  volume. 



I n  a  bomb taken  on t h e  i s l a n d  i n  December 1963, t h e  

c r y s t a l l i z a t i o n  has  proceeded somewhat f u r t h e r ,  a s  pyroxene 

comes i n ,  and o l i v i n e  and p l a g i o c l a s e  have inc reased  i n  amount 

(Table I ,  B). The modal volumes a r e ,  however, i n a c c u r a t e ,  

because t h e  rock is t o o  f ine-grained f o r  e x a c t  o p t i c a l  a n a l y s i s .  

During t h e  f i r s t  months of t h e  e r u p t i o n  l a r g e  phenocrys t s  

of  f e l d s p a r ,  up t o  5  cm a c r o s s ,  were q u i t e  commonly t o  be found 

i n  t h e  e r u p t i o n  produc ts .  They were p r e s e n t  from t h e  beg inn ing  

i n  November 1963 and throughout t h e  w i n t e r ,  b u t  by mid May 

1964 they  had d i sappeared .  These phenocrys t s  have been anan  

lysed  by p r o f .  Wenk of t h e  Un ive r s i t y  of  Base l ,  and were found 

t o  be high temperature  l a b r a d o r i t e  (An 66).  The i r  d i sappearance  

is thought  t o  be due t o  t h e  f a c t  t h a t  t h e  f e l d s p a r s , f o r m i n g  

from t h e  l i q u i d  i n  t h e  s p r i n g  1964, were more a l b i t i c  (probably 

about An 56) t han  t h e  b a s i c  phenocrys t s ,  which r e s u l t e d  i n  t h e  

r e s o r p t i o n  of t h e  l a t t e r .  

Probable  r e l i c t s  of t h e s e  b a s i c  f e l d s p a r s  a r e  seen  i n  

s e c t i o n  C, where two l a r g e  phenocrys t s  (243 mm a c r o s s )  show 

reve r sed  zoning: The c o r e ,  which is c l e a r  and f r e s h  (An 531, 

is rimmed w i t h  a  cloudy zone, crammed w i t h  " inc lus ions" ,  which 

i n  t u r n  is  fol lowed by t h e  o u t e s t  zone, f r e s h  a g a i n ,  which is 

much more b a s i c  i n  composit ion than  t h e  a o r e  (An 67). I t  seems 

p o s s i b l e  t h a t  t h e  phenocrys t s  a r e  being r e c r y s t a l l i z e d  by 

d i f f u s i o n  t o  g a i n  s t a b i l i t y  i n  t h e  environment,  t h e  r e c r y s t a l l -  

i z a t i o n  s t a r t i n g  i n  t h e  c e n t r e  of t h e  c r y s t a l  and proceeding 

outwards. The composit ion of  t h e  groundmass-plagioclase is 
An 53. 

The two remaining specimens a r e  s i m i l a r  kn age ,  and were 
c o l l e c t e d  i n  approximately t h e  same d i s t a n c e  from t h e  c r a t e r .  

One is a  d o l e r i t e ,  w e l l  c r y s t a l l i z e d ,  w i t h  o p h i t i c  pyroxene 

and c r y s t a l s  of i r o n  o re .  The o t h e r  is g l a s s y ;  t h e  magma l i q u i d  



flowed o u t  of a  t unne l  s t r a i g h t  i n t o  t h e  sea .  From t h e  modes 

(B and E ,  Table  I] we s e e  t h a t  some of t h e  o l i v i n e  and pyroxene 

a r e  s t i l l  t o  be c r y s t a l l i z e d ,  most of t h e  o r e ,  and a l l  of t h e  

pyroxene, b u t  t h e  o r e  p r e s e n t  i n  s e c t i o n  E occur s  a s  c r y s t a l s  

i n s i d e  t h e  o l i v i n e  phenocrysts .  The pyroxene i n  t h e  d o l e r i t e  

is somewhat pu rp l e  i n  c o l o u r ,  which might i n d i c a t e  t i t a n i f e r o u s  

n a t u r e  ( c f ,  a n a l y s i s  and norm i n  Tables  I1 and 111). Nei ther  

t h e  o l i v i n e s  nor t h e  f e l d s p a r s  a r e  s k e l e t a l  h e r e ,  which is not 

s u r p r i s i n g ,  cons ide r ing  t h e  f a c t  t h a t  they  have had much b e t t e r  

t i m e  t o  develop than  those  I n  s e c t i o n s  A&,  because t h e  magma 

must l o s e  much gases  and hea t  on i ts  way a long  t h e  t u n n e l s  from 

t h e  c r a t e r  down t o  s ea  (about 800 m ) ,  which of  cou r se  r e s u l t s  

i n  t h e  cont inuous c r y s t a l l i z a t i o n  of t h e  l i q u i d .  

(iii) Chemistry 

A complete chemical a n a l y s i s  has been made of only  one 

sample y e t ,  (sample A ) ,  which is t a b u l a t e d  w i t h  a  norm i n  

Tables  I1 and 111. I n  Table  11, t h r e e  o t h e r  a n a l y s e s  of r e c e n t  

I c e l a n d i c  l a v a s  a r e  quoted f o r  comparison. The Sur t s ey  m a t e r i a l  

is amongst t h e  most b a s i c  l a v a s  e rup ted  i n  I ce l and  i n  r e c e n t  

y e a r s ,  comparable i n  t h a t  r e s p e c t  only  w i th  a  l ava  s t ream 

(Lambaf i t  j a rh raun je rup ted  i n  1913 i n  t h e  neighbourhood of 

M t .  Hekla (Si02 46.21%), but  is  somewhat h igher  i n  a l k a l i e s .  

The norm, Table  111, is no t  comparable w i t h  e i t h e r  mode 

A o r  D,  because t h e  mineralogy of  A is immature, and t h e  

chemist ry  0% D most l i k e l y  d i f f e r e n t  from t h a t  of A ,  S e c t i o n  

D is ,  however, t h e  only  one w i t h  a reasonably  mature mineralogy.  

Some of  t h e  d i s c r e p a n c i e s  i n  pyroxene and i r o n  o r e  may be 

a t t r i b u t e d  t o  t h e  f a c t  t h a t  co loured  and dark mine ra l s  assume 



g r e a t e r  volumes i n  modal ana lyses  than t h e  c o l o u r l e s s  ones. 

Some of t h e  t i t an ium forming t h e  i lmen i t e  may be p resen t  i n  

t h e  pyroxene, but  a s  we understand t h a t  t h e  r o l e  of T i  i n  

pyroxene is somewhat i n  t h e  dark,  w e  s h a l l  l e t  t h e  mat ter  

rest the re .  

A few t r a c e  elements have been evaluated i n  Surtsey 

mate r i a l .  They a r e  quoted i n  Table I V  wi th  t h e  corresponding 

values of t h e  s tandards  W-1 and G-I a g a i n s t  which they were 

measured. 

More ana lyses  a r e  forthcoming of Surtsey m a t e r i a l ,  major 

components as w e l l  a s  t r a c e  elements. This  r e p o r t  is t o  be 

looked upon a s  an o u t l i n e  ske tch  of  t h e  problem i n  which 

c e r t a i n  f e a t u r e s ,  such a s  t h e  x e n o l i t h s ,  have been omitted 

completely. 



Acknowledgements 

Thanks a r e  due t o  D r .  S igvaldason,  who d i d  some of t h e  

t r a c e  element and U-stage de t e rmina t ions ,  and t o  D r .  Tryggva- 

son f o r  a  few U-stage ana lyses .  

References  

Taylor ,  S.B. and Kolbe, P. (1964) Geochemical S tandards .  

Geochim. e t  Cosmochim. Acta 28,  447-454. 

Thorar insson ,  S . ,  E inarsson ,  Th., S igva ldason ,  G. and E l i s s o n ,  G. 

(1964) Submarine e r u p t i o n  o f f  t h e  Vestmann I s l a n d s .  

A p r e l imina ry  r e p o r t .  B u l l .  Volc. 27. i 
TrGger, W.E. (1959) Opt i sche  Bestimmung d e r  ges t e in sb i ldenden  

Minerale.  S t u t t g a r t .  

Wenk, E. (1965) Labrador i t  von Sur t s ey  ( I s l and ) .  Acta Nat. Isl. 
1 

11, 4. ( i n  p r i n t ) .  



TABLE I 

Modal a n a l v s e s  of f i v e  t h i n  s e c t i o n s .  

Glass  72.9 2 1  54.9-x rn 53.5  

Fe ldspar  7.3 32 3 3 . 5  48.0  31.7  

O l i v i n e  7 .7  13  11 .6  1 6 . 4  1 2 . 3  

Pyroxene 0 . 8  15  - 2 5 . 8  me 

Opaque 11 .3  19  x 9 . 8  2 . 5  

A .  Thin s e c t i o n  no. 944. Tuff ga thered  1 .12.63.  The opaque 

assumes more volume than  is  c o r r e c t ,  because i t  is d i s -  

seminated i n  t h e  s ideromelane g iv ing  co lou r  t o  a ' ' s tolen" 

volume of  g l a s s .  

B. Thin s e c t i o n  no. 945. Bomb taken  a sho re  t h e  i s l a n d  6 .12 .63 .  

C. Thin s e c t i o n  no. 1089. Su r face  of pahoehoe l a v a ,  flowed 

i n  August 1964. 

D, Thin s e c t i o n  no. 1088. Taken i n  s e a - * c l i f f s  from l ava  f r o z e n  

i n  a t unne l .  Probably flowed i n  Nov. o r  Dec. 1964. 

E. Thin s e c t i o n  no. 1090. A molten p i e c e  of  l ava  flowed i n t o  

t h e  sea  ou t  of a t u n n e l ,  and was rescued  i n s t a n t l y  (24.1 .65) .  
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TABLE I11 

A norm of t h e  chemical a n a l y s i s  of sample A 

( a n a l y s i s  4 ,  Table  11) 

Or thoc la se  

A l b i t e  

Anor th i t e  

Nepheline 

Diopside 

O l i v i n e  

Magnet i te  

I lmen i t e  

A p a t i t e  

Water 

Norm A .  

3.34 

24.10 

29.47 

1 .99 

58.90 Fe ldspar  

Mode D 

6 .61  

3.60 12.98 Pyroxene 25.8 

2.77 

10.78 
20.37 O l i v i n e  

9.59 

6.58 Ore 

0.67 0.67 A p a t i t e  L1 

TABLE I V  

Trace e lements  i n  Su r t s ey  rock  c o l l e c t e d  1.12.63.  

Sur t sey I-I G-I 

Elements Co, Cu, N i  and V a r e  measured by emiss ion s p e c t r o ~  
grapby; t h e  remaining ones  w i t h  a n  X-ray f l u o r e s c e n c e  spectrow 

graph.  




