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

Dur ing  v o l c a n i c  e r u p t i o n s  m e t a l l i c  c a r b i d e s  a r e  exposed  t o  

t h e  a tmosphe re  and w a t e r  where  t h e y  r e a c t  t o  form s i m p l e  c a r b o n  

compounds. T h e s e  c a n  be t h e  f i r s t  s t e p s  i n  f u r t h e r  r e a c t i o n s  

t o w a r d s  amino a c i d s  and more complex o r g a n i c  compounds 

The e x p e r i m e n t  d e s c r i b e d  was per formed i n  o r d e r  t o  test  

whe the r  s i m p l e  o r g a n i c  compounds might  b e  s y n t h e s i z e d  from i n -  

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

While  t h e  p r e s e n t  e x p e r i m e n t  was b e i n g   prepared,^ g roup  o f  

S c i e n t i s t s  from " s t i o n a l  A e r o n a u t i c s  and Space  Adminis 'rat  i o n ,  

- h e S  R e s e a r c h  C e n t e r ,  M o f f e t t  F i e l d ,  C a l i f o r n i a ?  U. S.  A .  , v i s i t e d  

I c e l a n d  on O c t .  4 t h ,  1966 .  They were  a s s i s t e d  i n  c o l l e c t i n g  

s a m p l e s  o f  - 

a )  d r y  and wet  s u r f a c e  d u s t   fro^ S u r t s e y  s a n d  and a  c r a t e r  
0 f u m a r o l e  w i t h  t e m p e r a t u r e s  r a n g i n g  from 120  C t o  a t  l e a s t  

1 5 0 ' ~ .  

b )  a s h  from t h e  c r a t e r  i s l a n d  " S y r t l i n g u r "  b e f o r e  and a f t e r  

i t  t o u c h e d  t h e  s u r f a c e  o f  S u r t s e y .  

T h e s e  s a m p l e s  were  sna l .yzed  b y  C.. Ponnamperuma e t -  a l .  and a r e  

r e p o r t e d  on i n  S u r t s e y  R e s e a r c h  P r o g r e s s  R e p o r t  I I I  ( 1 9 6 7 )  

The w a t e r  e x t r a c t  o f  t h e  s ample  o f  " t h e  S u r t s e y  ash" con-  

t a i n e d  0 . 0 0 3  uM e a c h  o f  a s p a r t i c  a c i d  and a l a n i n e  a s  w e l l  a s  0 . 0 0 4  

uM e a c h  o f  g l y c i n e  and a e r i n e .  The H C 1  e x t r a c t  c o n t a i n e d  t r a c e s  o f  

g l y c i n e ,  s e r i n e  and a l a n i n e .  The f r e s h l y  c o l l e c t e d  a s h  was found 

t o  c o n t a i n  1 0 0  p a r t s  p e r  m i l l i o n  o f  o r g a n i c  m a t t e r  and t h a t  from 

t h e  f u m a r o l e s  50 p a r t s  p e r  m i l l i o n .  A s  s t a t e d  by Ponnamperuma 

(1967)  t h e r e  w e r e l  however ,  a  number o f  p o s s i b l e  s o u r c e s  o f  



c o n t a m i n a t i o n ,  s u c h  RS t h e  s e a  w a t e r  wh ich  c o n s t a n t l y  r u s h e d  i n t o  

t h e  c r a t e r ,  and o r g a n i c  m a t t e r  i n  t h e  a i r .  

The f o l l o w i n g  e x p e r i m e n t  d e s c r i b e d  h e r e ,  however ,  was c a r r i e d  

o u t  u n d e r  a s e p t i c  m e a s u r e s  where  c o n t a m i n a t i o n  w i t h  n a t u r a l  ocean  

w a t e r  and a i r  w 3 s  p r e v e n t e d ,  and where t h e  n a t u r a l  phenomena o f  

c o n t a c t  be tween  m o l t e n  l a v a  and w a t e r  was d i r e c t e d  under  c o n t r o l l e d  

c o n d i t i o n s .  

Methods 

The e x p e r i m e n t  was pe r fo rmed  a s  f o l l o w s .  T h r e e  d i f f e r e n t  

k i n d s  o f  l i q u i d s  were  p r e p a r e d :  

1. D e s t i l l a t e d  w a t e r  D.W. 

2 .  F i l t r a t e d  s e a  w a t e r  S.W. 

T h i s  s e a  w a t e r  was c o l l e c t e d  off t h e  R e y k j a n e s  p e n i n s u l a .  

3 A r t i f i c i a l  s e a  w a t e r  A.S.W. 

T h i s  was p r e p a r e d  by d i s s o l v i n g  i n  d e s t i l l a t e d  w a t e r  

t h e  v a r i o u s  i n o r g a n i c  s a l t s  a s  l i s t e d  i n  f o r m u l a  1 

L i q u i d  no .  1 was s t e r i l i z e d  i n  a n  a u t o c l a v e .  L i q u i d s  n o s -  2 

and 3 w e r e  f i l t r a t e d  t h r o u g h  Z e i s s  f i l t e r s .  

The s o l u t i o n s  were  s t o r e d  i n  s t e r i l e  c o n t a i n e r s  i n  a  c o o l  

s t o r a g e .  T h r e e  g a l l o n s  o f  e a c h  sample  were  used  i n  t h e  e x p e r i m e n t ,  

b u t  one  g a l l o n  o f  e a c h  k e p t  a s  a  c o n t r o l .  

T h r e e  new aluminium v e s s e l s  o f  2 0  l i t e r s  c a p a c i t y  w i t h  l i d s  

were  o b t a i n e d .  A f t e r  t h o r o u g h  c l e a n i n g  w i t h  d e s t i l l a t e d  w a t e r  t h e y  

w e r e  s t e r i l i z e d  i n  an  a u t o c l a v e  f o r  45 m i n u t e s .  t h e n  t h e y  were  

p l a c e d  i n t o  s t e r i l e  p o l y e t h y l e n  b a g s  and c l o s e d  t i g h t l y .  T h r e e  

e x t r a  g l a s s  j a r s  were  a l s o  p r o v i d e d  f o r  and p r e p a r e d  a s  above ,  

l a t e r  t o  b e  f i l l e d  w i t h  c i n d e r .  

I n  t h e  c o u r s e  o f  e x p e r i m e n t  two l a d l e s  w i t h  l o n g  s h a f t s  

w e r e  a l s o  u s e d .  

On O c t .  1 4 t h  1966  an  e x p e d i t i o n  was made t o  S u r t s e y ,  t h e  new 

v o l c a n i c  i s l a n d ,  where i t  was p o s s i b l e  t o  g e t  a c c e s s  t o  m o ~ l t e n  

l a v a  i n  an i s o l s t e d  o p e n i n g  a p p r o x i m a t e l y  500 m from t h e  c r a t e r ,  



0 
where t h e  l a v ?  of  1.100 C t e m p e r a t u r e  f l o o d e d  from. t h e  c r a t e r  i n  

s u b t e r r a n e o u s  v e i n s  o r  c l o s e d  t u n n e l s  from under  t h e  s o l i d i f i e d  

s u r f a c e  of  somewhat o l d e r  l ? v a .  The s o l i d  l a v a  s u r r o u n d i n g  t h e  

open s p o t  was f r e e  o f  any v e g e t a t i o n  a s  S u r t s e y  mas a l m o s t  d e v o i d  

of  l i f e  and t h e  a tmosphe re  o v e r  t h e  s u r f a c e  of  S u F t s e y  i; f u r t h e r -  

more v e r y  c l e a n  w i t h  qu j . t e  a  low b a c t e r i a l  c o u n t .  T h i s  was t e s t e d  

on s e v e r a l  o c c a s i o n s  p r e v i o u s l y  and d u r i n g  t h e  summer 1966  ( F r i d -  

r i k s s o n  1965 ,  F r i d r i k s s o n  2nd K o l b e i n s s o n  1965 ,  and Kol.beinsson 

and F r i d r i k s s o n  1 9 6 7 ) .  

The l i q u i d s  o f  e a c h  s a ~ p l e  p r e v i o u s l y  p r e p a r e d  a s  i n d i c a t e d  

i n  i t e m  1, 2 and 3 had been. c a r r i e d  t o  t h e  i s l a n d  i n  n i n e  g a l l c r ,  

c o n t a i n e r s ,  t h r e e  g a l l o n s  o f  e a c h  s a m p l e  The aluminium v e s s e l s  

were t h e n  opened and e a c h  f i l l e d  w i t h  one  sample  o f  l i q u i d .  T h r e e  

g a l l o n s  of  l i q u i d  r e s p e c t i v e l y  b e i n g  poured  i n t o  e a c h  v e s s e l .  

Then m o l t e n  l a v a  was scoped  up w i t h  s l a d l e  from t h e  l a v a  s t r e a m  

and poured  i n t o  t h e  v e s s e l s ,  an  a p p r o x i m a t e l y  s i x  15s. p o r t i o n  

o f  l a v a  i n t o  e a c h  v e s s e l .  When t h e  m o l t e n  l a v a  came i n  c o n t a c t  

w i t h  t h e  l i q u i d  an  e x p l o s i v e  b o i l i n g  o c c u r r e d  w i t h  s t e a m  b e i n g  

e v o l v e d  f o r  c a .  5  m i n u t e s .  Then t h e  s o l u t i o n s  were  a g . . i n  t r a n s -  

f e r r e d  from t h e  a luminium v e s s e l s  t o  t h e  s t e r i l e  1 g a l l o n  g l a s s  

c o n t a i n e r s ,  t h r e e  c o n t a i n e r s  f o r  each  s o l u t i o n .  

The c i n d e r  from e a c h  l o t  was s e p a r a t e d  and t r a n s f e r r e d  t o  

t h r e e  s t e r i l e  gLass  j a r s  The s a m p l e s  were  t r a n s p o r t e d  t o  Reykja-  

v i k  and s t o r e d  i n  a  c o o l  s t o r a g e .  

On F e b r .  4 t h  1967 l i q u i d  s a m p l e s  were drawn from t h e  g l a s s  

f l a s k s  under  s t e r i l e  c o n d i t i o n s  f o r  b a c t e r i o l o g i c a l  i n v e s t i g a t i o c .  

L i q u i d  no .  2 and c o n t r o l  t u r n e d  o u t  t o  b e  c o n t a m i n a t e d  w i t h  2 

f l a g e l l a t e d  b a c t e r i u m .  b u t  t h ~  r s m a i n i n g  s a m p l e s  viere s t e r i l e .  

The c o n t a m i n a t i o n  o f  t h e  1 j .qu id  no.  2 i s  most l i k e l y  d u e  t o  

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

R e s u l t s  and A n a l y s i s  
v 

a )  Rock s a m p l e s  o f  e a c h  t r e a t m e n t  <1, 2 and 33 were  s e o t  t o  

D r .  C. Ponnamperuma o f  N . h  S..A.,  C a l i f o r n i a ,  Two s a m p l e s  



o f  No. 1 and one  sample o f  No. 2 and Fo .  3 .  Two o f  t h e  

c o n t a i ~ e r s  b r o k e  d u r i n g  t h e  t r a n s p o r t  and whec t h e  r e m a i n i n g  

two were  t e s t e d ,  No. 1 and No. 2  were b o t h  c o n t a m i n a t e d .  

b )  A r o c k  s a m p l e  o f  t r e a t m e n t  1 ( r o c k  from d i s t i l l e d  w a t e r )  

was s h i p p e d  i~ t h e  s t e r j . l i z e d  c o n t a i n e r s  t o  D r .  Sidiaey W .  Fox, 

I n s t i t u t e  o f  Molecu la r  E v o l u t i o n ,  U n i v e r s i t y  o f  Main ,  Cora?  

G a b l e s ,  F l o r i d a ,  U. S .  A .  When t h i s  sample  was t e s t e d  f o r  con-  

t a m i n a t i o n , b o t h  b e f o r e  s h i p p i n g  from I c e l a n d  and ir F l o r i d a ,  

i t  p roved  t o  he  f r e e  of  o r g a n i s m s .  Z t  a r r i v e d  i n  good c o n d i t i o n  

and was t e s t e d  f o r  amino a c i d s  by a n a l y s c s  of  t h e  e x t r a c t  a s  

w e l l  a s  o f  t h e  c r u s h e d  sample .  - 
Amino a c i d s  were  found p r e s e n t  i n  b o t h  c a s e s  a s  i a d i c a t e d  

i n  a t t a c h e d  l i s t .  On t h e  whole  t h e  v a l u e s  were  h i g h e r  t h a n  

i n  a s h  s a m p l e s  c o l l e c t e d  by Ponn~mperum? e t . a l .  e x c e p t  f o r  

t h e  two s u l f u r - c o n t a i n i n g  amino a c i d s ,  m e t h e n i n e  and c y s t i n e  

The sample  a l s o  c o n t a i n e d  a  h i g h  NH3 v a l u e  1 . 2 4 3  ubl i n d i -  

c a t i n g  a  p o s s i b l e  c o n t r i b u t i o n  from t h e  g e o c h e m i c a l  e n v i r o n -  

ment .  

A l l  p r e c a u t i o n a r y  m e a s u r e s  had b e e n  t a k e n  t o  p r e v e n t  t h e  s amples  

e v e r  com+ng i n  c o n t a c t  x i t h  any o r g a n i c  m a t t e r .  Sample No. l -was 

a l w a y s  k e p t  i n  t h e  cl.ean s t e r i l e  j a r  o r  d i s t i l l e d  w a t e r .  A l l  imple-  

men t s  used were  washed t h o r o u g h l y  w i t h  d i s t i l l e d  w a t e r  and s t e r i l -  

i z e d .  And t h e  t e s t  f o r  c o n t a m i n a t i o n  was pe r fo rmed  i n  a s t e r i l i z i n g  

chamber st t h e  P a t h o l o g i c a l  I n s t i t u t e ,  R e y k j a v i k .  I t  would f u r t h e r -  

more have  t o  b e  c o n s i d e r e d  h i g h l y  u n l i k e l y  t h a t  t h e  samp1.e o f  d i s ~ -  

t i l l e d  w a t e r  and c i n d e r  from S u r t s e y  vrould s e r v e  a s  ;. f a v o u r a b l e  

medium f o r  g rowth  i f  i n c i d e n t a l l y  cont-aminated hy b a c t e r i a .  

A s  c o n t a m i n a t i o n  must b e  r e g a r d e d  improbab le  i t  must. b e  

c o n s i d e r e d  e x t r e m e l y  l i k e l y  t h a t  an ,-.mino a c i d  s y n t h e s i s  d i d  t a k e  
0 

p l a c e  when m o l t e n  b a s a l t i c  lava.  o f  t e m p e r a t u r e s  a t  1100 C came i n  

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

I t  s h o u l d  b e  ~ i c e p t e d  t h a t  a b i o g e n e s i s  d o e s  n o t  n e c e s s a r i l y  

have  t o  b e  c o n f i n e d  t o  t h e  p r i m o r d i a l  c o n d i t i o n s  on  p r i m i t i v e  e a r t h ,  

b u t  r a t h e r  t h a t  i t  c a n  t a k e  p l a c e  w h e r e - e r  c o n d i t i o n s  may b e  

s i m i l a r  t o  t h e  c o n d i t i o n s  t h e n  p r e s e n t .  Sue.'?. c o n d i t i o n s  may b e  



produced  d u r i n g  submar ine  v o l c a n i c  a c t i v i t i e s .  And t h e s e  c o n d i t i o n s  

may j u s t  have  been  p r e s e n t  d u r i n g  t h e  S u r t s e y  e r u p t i o n .  T h e r e  t h e  

b a s i c  compounds r e q u i r e d  f o r  t h e  s y n t h e s i s  were a v a i l a b l e  i n  

s o l u t i o n  o r  g a s e s  whereas  t h e  e n e r g y  n e c e s s a r y  f o r  b r i n g i n g  i t  

abou t  was a v a i l a b l e  i n  forms  o f  l i g h t n i n g s  and t e m p e r a t u r e s  o f  

o v e r  1 1 0 0 ~ ~  ( F r i d r i k s s o r ;  1 9 6 6 ) .  Absence o f  oxygen is  f u r t h e r m o r e  

c o n s i d e r e d  a  n e c e s s i t y  f o r  t h e  s y n t h e s i s .  T t  is  r e g a r d e d  t o  have 

been  a l m o s t ,  i f  n o t  e n t i r e l y ,  a b s e n t  from t h e  p r i m i t i v e  a tmosphe re .  

I n  compar i son  a n a l y s i s  o f  v o l c a n i c  g a s e s  from S u r t s e y  a s  c o l l e c t e d  

by S i g v a l d a s o n  e t . a l .  (1967)  d i d  simi1ar:q.:~ n o t  show any f r e e  oxygen 

Should  t h e s e  have b e e n  t h e  c o n d i t i o n s  n e c e s s a r y  f o r  t h e  p r i m o r d i a l  

f o r m a t i o n  o f  l i f e ,  t h e  much s i m i l a r  c o n d i t i o n s  a t  S u r t s e y  may have 

been  p r o v i d i n g  c o n d i t i o n s  c a u s i n g  s y n t h e s i s  o f  p r i m i t i v e  o r g a n i c  

compounds. 
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Formula A r t i f i c i a l  Sea  Water 

NaCl 

MgC12 

MgS04 

CaS04 

K2S04 
CaC03 

KBr 

SrS04 

H3B03 



ANALYSIS FOR AMINO ACIDS , 

ana ly : .~ed  from a r o c k  sample from S u r t s e y  

Amlno u Moles 

Acids  A B 
- 

LY s 
H i s  

NH3 
h g  

A s  P 
T h r  

S e r  

G l  u  

P r o  

G ~ Y  

A 1  a 

V a l  

Met: 

I l e u  

Leu 

TY r 
Phe 

A - E x t r a c t  o f  S u r t s e y  Rock 

B - Crushed S u r t s e y  Rock 


