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

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

b i o l o g y .  The i n t e r e s t  was two- fo ld :  c h e m i c a l  and b i o l o g i c a l .  From 

t h e  c h e m i s t ' s  p o i n t  o f  view t h e  v o l c a n o  s i m u l a t e s  some of t h e  con-  

d i t i o n s  t h a t  may have  o c c u r r e d  o n  t h e  p r i m i t i v e  e a r t h  d u r i n g  t h e  

g e n e s i s  o f  o r g a n i c  conipounds. While  i t  is t o  b e  e x p e c t e d  t h a t  t h e  

c o m p o s i t i o n  o f  t h e  a tmosphe re  h a s  changed  s i n c e  p r i m o r d i a l  t i m e s ,  

t h e  p o s s i b i l i t y  o f  d e t e c t i n g  any a b i o g e n i c  s y n t h e s i s  from t h e  o u t -  

g a s s i n g  o f  a  v o l c a n o  today  would stil l  s u b s t a n t i a t e  t h e  h y p o t h e s i s  

o f  t h e  p r i m o r d i a l  s y n t h e s i s  o f  b i o l o g i c a l  m o l e c u l e s .  For t h e  b i o -  

l o g i s t ,  t h e  v o l c a n o  p r o v i d e d  an u n u s u a l  l o c a l e  t o  t e s t  t e c h n i q u e s  

wh ich  may be  e v e n t u a l l y  u s e d  f o r  t h e  d e t e c t i o n  o f  l i f e  o n  o t h e r  

p l a n e t s .  A s t e r i l e  p i e c e  of  l a n d  wh ich  b e g i n s  t o  be  invaded  by  

l i v i n g  o r g a n i s m s  p r o v i d e s  a r a r e  o p p o r t u n i t y  t o  s t u d y  t h e  phenorne- 

non o f  b i o l o g i c a l  s u c c e s s i o n ,  b e g i n n i n g  w i t h  v e r y  p r i m i t i v e  mic ro -  

o r g a n i s m s  and l a t e r ,  h i g h e r  forms o f  l i f e .  A t  t h e  same t i m e ,  methods  

o f  d e t e c t i n g  e x t r e m e l y  s m a l l  numbers o f  m i c r o o r g a n i s m s  and t h e  p r e -  

s e n c e  o f  u n u s u a l  t y p e s  wh ich  may s u r v i v e  unde r  v e r y  r i g o r o u s  con-  

d i t i o n s ,  c a n  b e  t e s t e d .  

With t h i s  end i n  v i e w ,  Drs .  R.S.  Young, C. Ponnamperuma, and 

I .  B r e g e r  ( o f  t h e  U.S. G e o l o g i c a l  S u r v e y ,  Washington ,  D.C.1 p a r -  

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

N a t i o n a l  R e s e a r c h  C o u n c i l  o f  I c e l a n d ,  t h e  S u r t s e y  R e s e a r c h  So- 

c i e t y  and t h e  N a t i o n a l  A e r o n a u t i c s  and Space  A d m i n i s t r a t i o n .  On 

t h e  4 t h  o f  O c t o b e r ,  a p a r t y  o f  s e v e r a l  i n v e s t i g a t o r s  l a n d e d  o n  

S u r t s e y  by h e l i c o p t e r  and o b t a i n e d  s a m p l e s  from v a r i o u s  l o c a t i o n s  

s t a r t i n g  w i t h  t h e  c r a t e r  down t o  s e a  l e v e l .  Dur ing  t h e  t i m e  t h i s  



sampl ing was be ing  done,  S y r t l i n g u r  was i n  e r u p t i o n  and f r e s h  un- 

contaminated ash  was c o l l e c t e d  from t h e  atmosphere f a l l o u t .  

The fo l lowing  samples were c o l l e c t e d :  

Sample Number D e s c r i p t i o n  o f  Sample 

1 Dry s u r f a c e  d u s t  c o l l e c t e d  from a  c r a t e r  fumarole 

which was p r o t e c t e d  from t h e  f a l l o u t  o f  S y r t l i n g u r ;  

t empera tu re s  i n  t h e  fumarole ranged from 1 2 0 ~ ~  t o  

a t  l e a s t  1 5 0 ~ ~ .  

Moist d u s t  and a  p i e c e  of  hard g r a n u l a r  rock 

c o l l e c t e d  around a  fumarole i n  t h e  c r a t e r ;  tempera- 

t u r e  was about 1 3 0 ' ~ .  

Moist sand c o l l e c t e d  from t h e  c r a t e r ,  where t h e  

t empera ture  was s l i g h t l y  over  1 0 0 ~ ~ .  

Ash c o l l e c t e d  on t h e  s l o p e  on t h e  n o r t h e a s t  s i d e  o f  

t h e  i s l a n d ,  where t h e  s u r f a c e  t empera ture  was loOc; 
it is u n l i k e l y  t h a t  t h i s  ash  was from S y r t l i n g u r  

s i n c e  t h i s  l o c a l e  was no t  open t o  S y r t l i n g u r  and 

t h e  p r e v a i l i n g  wind was i n  a  d i f f e r e n t  d i r e c t i o n .  

Su r f ace  d u s t  from t h e  ocean-s ide  o f  t h e  lagoon on 

S u r t s e y ,  where t h e  t empera ture  was lz°C; sample was 

probably  contaminated w i t h  f a l l o u t  from S y r t l i n g u r  

and s e a  s p r a y .  

( a )  F r e s h l y - f a l l e n  s u r f a c e  a s h  c o l l e c t e d  w i t h i n  300 

y a r d s  o f  S y r t l i n g u r  a t  a  dep th  o f  about 1 c e n t i m e t e r ;  

sample probably  no t  more t h a n  1 0  minutes  o l d ;  sample 

may have absorbed some atmospher ic  mo i s tu re .  

( b )  Sample c o l l e c t e d  by D r .  Breger near  S y r t l i n g u r  

i n  t h e  p a t h  o f  t h e  f a l l o u t ;  f a l l i n g  a s h  was caught  

on aluminium f o i l  b e f o r e  i t  touched t h e  s u r f a c e  o f  

S u r t s e y ;  ambient t empera ture  was about 12OC d u r i n g  

t h e  hour s p e n t  c o l l e c t i n g  t h e  sample;  a  s t r o n g  wind 

was blowing whi le  t h e  sample was c o l l e c t e d .  



A l l  samples excep t  6  (b)  were c o l l e c t e d  a s e p t i c a l l y  i n  s t e r i l i z e d  

me ta l  c o n t a i n e r s  u s ing  s t e r i l i z e d  implements. Sample 6  (bP was 

c o l l e c t e d  on aluminum f o i l  a s  de sc r ibed  above. 

The samples were brought back t o  t h e  Ames Research Center  and 

s e v e r a l  s t u d i e s  were conducted:  (1 )  a n a l y s i s  f o r  amino a c i d s ;  

( 2 )  a n a l y s i s  f o r  hydrocarbons;  (3)  de te rmina t ion  o f  t o t a l  o r g a n i c  

carbon;  (4 )  b i o l o g i c a l  s t u d i e s .  

Sec t ion  I - Amino Acid Analys i s :  C. Ponnamperuma, J. Will iams and 

L .  Caren 

In  o r d e r  t o  determine t h e  amino ac id  c o n t e n t  o f  Su r t s ey  samples 

1 and 6  ( b ) ,  e x t r a c t i o n s  were made w i t h  wate r  and 6N HCL and ana- 

lyzed  f o r  a c i d i c  and n e u t r a l  amino a c i d s  on a  amino ac id  ana lyze r .  

A sample o f  s e a  wate r  c o l l e c t e d  near  Su r t s ey  was a l s o  analyzed f o r  

its a c i d i c  and n e u t r a l  amino ac id  c o n t e n t .  

Experiment a 1  

Twenty-five g.  o f  ash  was r e f l u x e d  w i t h  150 m l .  wa te r  i n  a  

s o x h l e t  f o r  40 hours .  Another a l i q u o t  o f  25 g .  ash  was s i m i l a r l y  

e x t r a c t e d  w i th  100 m l .  6 N  HCL f o r  48 hours .  The e x t r a c t  was evapo- 

r a t e d  t o  d rynes s ,  d i s s o l v e d  i n  25 m l ,  w a t e r ,  evaporated t o  d rynes s  

a g a i n ,  and then  added t o  4  m l .  0.2N sodium c i t r a t e  b u f f e r ,  pH 2 . 2 .  

P a r t i c u l a t e  m a t t e r  was removed by c e n t r i f u g a t i o n .  

One m l .  o f  t h i s  concentra . ted  e x t r a c t  was app l i ed  d i r e c t l y  t o  

t h e  amino ac id  ana lyze r  (Phoenix,  Model K8000 VG-B). Another m l .  o f  

t h e  concen t r a t ed  e x t r a c t  was mixed w i t h  200 u l .  o f  a  mix ture  o f  

C14-  l a b e l l e d  amino a c i d s  which se rved  a s  i n t e r n a l  s t a n d a r d s .  The 

e f f l u e n t  from t h e  column o f  t h e  amino ac id  ana lyze r  was s p l i t  

i n t o  two s t r eams ;  i n  one s t r eam,  t h e  n inhydr in -pos i t i ve  m a t e r i a l  

was moni te red ,  whereas i n  t h e  o t h e r  s t r eam,  r a d i o a c t i v i t y  was r e -  

c o ~ d e d .  Coincidence o f  t h e  r a d i o a c t i v e  s t a n d a r d s  w i t h  n inhydr in-  

p o s i t i v e  peaks from t h e  Su r t s ey  sample were used t o  i d e n t i f y  t h e  

amino a c i d s  p r e s e n t .  

Another m l .  o f  t h e  concen t r a t ed  e x t r a c t  was vacuum-sealed, 

hydrolyzed a t  1 0 5 ~ ~  f o r  48 hou r s ,  evapora ted  t o  d rynes s ,  n e u t r a l -  



i z ed  w i t h  NH40H, f i l t e r e d ,  evapora ted  t o  d rynes s ,  and then  d i s s o l v e d  

i n  0 . 5  m l .  of 0.2N sodium c i t r a t e  b u f f e r ,  pH 2 . 2 .  The sample was 

t hen  a p p l i e d  t o  t h e  amino ac id  ana lyze r .  

R e s u l t s  

The wate r  e x t r a c t  o f  t h e  Su r t s ey  ash con ta ined  0.003 uM each 

o f  a s p a r t i c  ac id  and a l a n i n e  a s  w e l l  a s  0 ,004  uM each  o f  g l y c i n e  and 

s e r i n e .  The He1 e x t r a c t  con ta ined  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 l n e .  T races  o f  c y s t i n e ,  v a l i n e ,  and m e t h i o n ~ n e  were d e t e c t e d  i n  

t h e  s e a  wate r  c o l l e c t e d  near  S u r t s e y .  The presence  o r  absence o f  

b a s i c  amino a c i d s  were no t  assayed.  

Discuss ion  

The presence  o f  amino a c i d s  i n  t h e s e  samples is extremely 

i n t e r e s t i n g .  However, i t  must be borne i n  mind t h a t  we cannot  d i r e c t -  

l y  conclude an ab iogenic  o r i g i n  f o r  them. There a r e  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 a i n a t i o n ,  such a s  t h e  s e a  water  which could  

have rushed i n t o  t h e  c r a t e r ,  t h e  p o s s i b l e  con tamina t ion  w i t h  s e a  

spray  i n  t h e  atmosphere, and t h e  p o s s i b l e  breakdown o f  o r g a n i c  

ma t t e r  from t h e  e a r t h ' s  c r u s t  through whi.ch t h e  g a s s e s  were being 

e j e c t e d  du r ing  e r u p t i o n .  However, t h e  p resence  o f  on ly  four  amino 

a c i d s  seems t o  sugges t  some type  o f  ab iogenic  o r i g i n .  I f  t h e  amino 

a c i d s  were a  r e s u l t  o f  con tamina t ion ,  one would expec t  t o  s e e  more 

o f  t h o s e  c o ~ m o n l y  found i n  n a t u r a l  p r o t e i n .  The sugges t i on  has  a l s o  

been made t h a t  on account o f  t h e  charge s e p a r a t i o n  genera ted  when 

s e a  wate r  s p l a s h e s  on molten l a v a ,  t h e  t e p h r a  p a r t i c l e s  would r e -  

main r e l a t i v e l y  uncontaminated by t h e  s e a  wa te r .  

The a n a l y s i s  o f  a sample o f  s e a  water  equa l  t o  t h e  volume o f  

s e a  wate r  which could  have s a t u r a t e d  t h e  samples we analyzed d i d  

no t  r e v e a l  t h e  p resence  o f  t h e  same amino a c i d s  found i n  t h e  S u r t s -  

ey ash  samples .  The evidence t h e r e f o r e  seems t o  sugges t  an ab iogenic  

o r i g i n  f o r  t h e  amino a c i d s  i d e n t i f i e d  i n  t h e  Su r t s ey  samples.  Fur ther  

i n v e s t i g a t i o n  and more r i g o r o u s  c o n t r o l s  w i l l  be necessary  t o  c l a r i f y  

t h i s  p o i n t  complete ly .  



S e c t i o n  I1 - Hydrocarbons: C. Ponnampervma and K.  P e r i n g  

Approximately 25 g ,  o f  a  Su r t s ey  sample were assayed f o r  a l i -  

p h a t i c  hydrocarbons.  The sample was e x t r a c t e d  i n  an a l l - g l a s s  s o x h l e t  

appa ra tu s  f o r  6 hours  w i th  benzene-methanol. The e x t r a c t  was evapo- 

r a t e d  t o  about 0 .5  m l .  and analyzed by gas  chromatography. No a l i -  

p h a t i c  hydrocarbons were d e t e c t e d .  

S e c t i o n  111 - Determinat ion o f  T o t a l  Organic Carbon: Richard D. 

Johnson and Ca the r ine  C .  Davis 

Abs t rac t  

Ash samples from Sur t sey  were analyzed by a  new and h igh ly  

s e n s i t i v e  t echn ique  fo r  t o t a l  o r g a n i c  carbon c o n t e n t .  The method 

is d e s c r i b e d  i n  d e t a i l ,  and t h e  r e s u l t s  a r e  compared w i t h  t hose  

from o t h e r  e x o t i c  s o i l s .  

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

C l a s s i c a l  a n a l y s i s  f o r  t o t a l  o r g a n i c  carbon is based upon t h e  

o x i d a t i o n  o f  t h e  o rgan ic  m a t e r i a l  t o  carbon d i o x i d e  fol lowed by gas  

chromatographic ,  i n f r a r e d ,  g r a v i m e t r i c ,  a c i d i m e t r i c ,  t u r b i d i m e t r i c ,  

o r  nephlomet r ic  de t e rmina t ion  o f  t h e  carbon d i o x i d e .  To ach ieve  

s e n s i t i v i t i e s  below 1 p a r t  pe r  thousand,  t h e s e  t echn iques  g e n e r a l l y  

u se  l a rge  ( 1  g .  ) samples w i t h  wet "combustionPP. There a r e  a l s o  

s e v e r a l  complete ly  automated modes o f  a n a l y s i s ,  most o f t e n  u s i n g  

gas  chromatography,  which use  s m a l l e r  samples ,  bu t  which s u f f e r  

from problems o f  incomplete o x i d a t i o n  and t h u s  r e q u i r e  an i n t i m a t e  

mix ture  o f  sample and c a t a l y s t .  On a  h igh ly  s e n s i t i v e  b a s i s ,  such 

a n a l y s i s  can  g i v e  l a r g e  blank de t e rmina t ions .  The primary draw- 

back t o  t h e  c l a s s i c a l  method is i n  t h e  a n a l y s i s  o f  s o i l  samples 

which may c o n t a i n  l a r g e  amounts o f  i no rgan ic  ca rbon ,  p r i m a r i l y  

c a r b o n a t e s .  These samples must f i r s t  be t r e a t e d  w i t h  a c i d  t o  d r i v e  

o f f  t h e  i n o r g a n i c  c o n t r i b u t i o n  b e f o r e  t h e  o x i d a t i o n .  With s o l i d  

samples ,  u n l e s s  t h e  s o l i d  i n o r g a n i c  ma t r ix  is complete ly  d i s s o l v e d  

by h y d r o f l u o r i c  a c i d ,  t h e r e  w i l l  remain sma l l  p o r t i o n s  o f  t h e  

ca rbona t e  which w i l l  i n t e r f e r e  w i t h  subsequent o r g a n i c  de t e rmina t ion .  



The method h e r e i n  desc r ibed  is h igh ly  s e n s i t i v e ,  u s e s  sma l l  

sample s i z e s ,  and is t o t a l l y  immune t o  i n o r g a n i c  c a r b o n a t e s .  

Experiment 1 

The appa ra tu s  used i n  t h e  o r g a n i c  carbon d e t e r m i n a t i o n  is shown 

schema t i ca l l y  i n  Figure  1. The sample o f  25 mg. is weighed i n t o  sma l l  

vycor b o a t s ,  and a  s e r i e s  o f  t h e s e  b o a t s  a r e  t hen  p laced  i n t o  a  

c l o s e d  "Y" tube  under a  helium atmosphere.  With a  group o f  magnetic- 

a l l y  coupled implements, t h e  b o a t s  a r e  pushed i n t o  a  tube  fu rnace  

a t  8 6 0 ' ~ .  The p y r o l y s i s  p roduc t s  a r e  t hen  swept i n  t h e  helium through 

a  sma l l  q u a r t z  wool sc rubber  i n t o  t h e  j e t  o f  a  hydrogen flame ion i za -  

t i o n  d e t e c t o r ,  where t h e  sample i n  helium i s  mixed w i t h  hydrogen and 

burned i n  a i r .  The i on  c u r r e n t  above t h e  f lame,  r e s u l t i n g  from t h e  

burn ing  o f  o r g a n i c  ma t t e r  and t h e  r e s u l t i n g  chemi- ion iza t ion  o f  t h e  

o r g a n i c  f ragments ,  is ampl i f i ed  by an e l e c t r o m e t e r  a m p l i f i e r ,  and 

t h e  r e s u l t i n g  s i n g l e  peak is i n t e g r a t e d  w i t h  t h e  a r e a  be ing  pro-  

p o r t i o n a l  t o  t h e  o rgan ic  con ten t  o f  t h e  sample. Th i s  a p p a r a t u s  was 

b u i l t  from commercially a v a i l a b l e  gas  chromatography components 

(Pe rk in  Elmer p y r o l y s i s  u n i t ,  Beckman GC-4 flame d e t e c t o r ,  e l e c t r o -  

mete r ,  and gas  c o n t r o l s ) .  More r e c e n t  e f f o r t s  have been t o  improve 

i n s t r u m e n t a l  performance whi le  b u i l d i n g  a  sma l l  p o r t a b l e  f i e l d  

model, which w i l l  be de sc r ibed  e l sewhere .  

The d e t e c t o r  was opera ted  w i t h  430 cc/min o f  a i r ,  76 cc/min 

o f  hydrogen, and 200 cc/min o f  helium c a r r i e r .  

R e s u l t s  and Discuss ion  

I n  Figure  2 a r e  shown bo th  t h e  c a l i b r a t i o n  d a t a  and t h e  r e s u l t s  

from v a r i o u s  s o i l  samples.  The p y r o l y s i s  under helium o c c u r s  w i t h  

va ry ing  r e s u l t s ,  g i v i n g  p roduc t s  which a r e  d e t e c t e d  w i t h  va ry ing  

e f f i c i e n c i e s  i n  t h e  flame d e t e c t o r ,  depending upon t h e  number and 

k ind  o f  f u n c t i o n a l  groups  a t t a c h e d  t o  each  carbon atom. Two c a l i -  

b r a t i o n  compounds were used a s  known amounts mixed i n t o  i n c i n e r -  
0 

a t e d  (1000 C i n  a i r )  s o i l .  The d e x t r o s e  r e p r e s e n t s  t h e  c a s e  where 

h igh  oxygen t o  ca rbon  r a t i o  l e a d s  t o  low d e t e c t i o n  e f f i c i e n c y ,  wh i l e  

t h e  benzoic  ac id  r e p r e s e n t s  t h e  c a s e  where t h e  e f f i c i e n c y  approaches 



t h a t  f o r  hydrocarbons. The r e s u l t s  from unknown samples a r e  t hen  

r e a d  from t h e  c e n t e r  o f  t h e  band formed from t h e  c a l i b r a t i o n  cu rves  

f o r  t h e s e  two compounds. A t  h igher  carbon c o n t e n t s ,  t h e  d e t e c t o r  

r e sponse  beg ins  t o  l e v e l  o f f ,  p rov id ing  an upper ana lyzab le  l i m i t  

o f  1 pe rcen t  o r g a n i c  m a t t e r ,  based upon 25 mg. samples.  A t  t h e  lower 

end,  b lank d e t e r m i n a t i o n s  r e s u l t i n g  from t r a c e s  o f  con tamina t ion  

l i m i t  d e t e c t i o n  a t  approximately 5  p a r t s  p e r  m i l l i o n .  I n  t h e  c a s e  

where t h e  s o i l s  were a l s o  analyzed by c l a s s i c a l  p rocedures ,  i t  was 

found t h a t  any d i f f e r e n c e s  between t h e  t echn iques  were i n  t h e  d i r e c t -  

i on  o f  t h e  c l a s s i c a l  a n a l y s i s  be ing  too  h igh ,  o r  t h e  flame i o n i z a -  

t i o n  technique  being t o o  low. The second a l t e r n a t i v e  is cons ide red  

t o  be h igh ly  u n l i k e l y  when compared wi th  t h e  f i r s t  and t h e  p rev ious-  

l y  d i s c u s s e d  problems of  t rapped  i n o r g a n i c  ca rbona t e s .  

Two Sur t s ey  samples were run  w i t h  t h i s  t echn ique .  Sample no. 1, 

c o l l e c t e d  d i r e c t l y  from a  fumarole ,  gave 50  p a r t s  per  m i l l i o n  o f  

o r g a n i c  carbon.  Sample no. 6 a ,  a  f r e s h l y  c o l l e c t e d  f a l l i n g  ash  

sample ,  con ta ined  100 p a r t s  per  m i l l i o n .  Because o f  t h e  u n c e r t a i n -  

t i e s  a s s o c i a t e d  w i t h  d e t e c t i o n  e f f i c i e n c y  o f  p y r o l y s i s  f ragments ,  
+ t h e r e  is an e s t ima ted  u n c e r t a i n t l y  o f  approximately  - 30 p e r c e n t  

i n  a l l  r e s u l t s  ( t h e  w id th  o f  t h e  c a l i b r a t i o n  band) .  

Conclus ions  

A new t echn ique  f o r  t h e  a n a l y s i s  o f  s o i l  samples f o r  t o t a l  

o r g a n i c  con ten t  has  been desc r ibed .  The method, based upon t h e  g a s  

chromatographic  flame i o n i z a t i o n  d e t e c t o r ,  has  been used t o  ana- 

l y z e  two Su r t s ey  samples ,  bo th  o f  which a r e  cons idered  r e l a t i v e l y  

c l e a n .  The samples were found t o  c o n t a i n  between 50 and 100 p a r t s  

per  m i l l i o n  o f  o r g a n i c  m a t t e r .  

S e c t i o n  I V  - S t u d i e s  o f  Su r t s ey  I s l a n d  Ecology: Edward L .  Merek 

and Richard S. Young 

Nine samples o f  S u r t s e y  m a t e r i a l  were c o l l e c t e d  i n  s t e r i l e  

c o n t a i n e r s  by D r .  R.S. Young. These samples were used (1 )  t o  

de te rmine  whether o r  no t  a  g e n e r a l  h e t e r o t r o p h i c  m i c r o f l o r a  h a s  

developed on t h e  i s l a n d ,  and (2) t o  d e f i n e  some o f  t h e  paramete rs  



e n c o u n t e r e d  by any i n v a d i n g  o rgan i sms .  

The h e t e r o t r o p h i c  p o p u l a t i o n  was a s s a y e d  by p l a t i n g  s e r i a l  

d i l u t i o n s  on T r y p t i c a s e  Soy B r o t h  a g a r  p l a t e s .  T h i s  media was c h o s e n  

b e c a u s e  a t  t h a t  t i m e ,  h i g h e s t  co lony  c o u n t s  from s o i l s  had been  

o b t a i n e d  on t h i s  medium. The p l a t e s  were  i n c u b a t e d  a e r o b i c a l l y  a t  

2 5 ' ~  f o r  t h r e e  weeks.  R e s u l t s  a r e  i n d i c a t e d  i n  T a b l e  I .  

TABLE I .  Colony c o u n t s  from S u r t s e y  a s h  

C o u n t s ,  number/g. a s h  

SAMPLE BACTERIA F U N G I  

1. No c o l o n i e s  deve loped  on p l a t e s  s p r i n k l e d  w i t h  . l  g  o f  a s h .  

2 .  Cans a c c i d e n t l y  d e n t e d  e n r o u t e  - s e a l  b r o k e n  

Chemical  a n a l y s e s ,  s u c h  a s  n o r m a l l y  used  f o r  a g r i c u l t u r a l  s o i l s ,  

i n c l u d e  o r g a n i c  c a r b o n  (wet  c o m b u s t i o n ) ,  o r g a n i c  n i t r o g e n  ( K j e l d a h l l ,  

pH and Eh i n  p a s t e ,  and c a t i o n  and a n i o n  a n a l y s e s  by e l e c t r o d i a l y s i s  

o f  a  1 : 5  s u s p e n s i o n  i n  0.05 N b o r i c  a c i d  s o l u t i o n .  



TABLE 2 .  pH, Eh, and o rgan ic  carbon and o rgan ic  n i t r o g e n  

Organic Organic 

SAMPLE Carbon Nitrogen Eh. V o l t s  
PPm P P ~  PH Uncorrected 

TABLE 3. Cat ion  a n a l y s i s ,  ppm 

SAMPLE N 
a s  NH4 Ca Mg 



TABLE 4 .  Anion a n a l y s i s ,  ppm 

SAMPLE 
N03 P04 B04 s o 4  C03 HC03 

C 1  

The low pH and low Ca/Na r a t i o  s u g g e s t s  t h a t  ac t inomyce tes  

w i l l  be excluded from deve lop ing  h e t e r o t r o p h i c  popu la t i on  and t h a t  

f ung i  may be t h e  b e s t  h e t e r o t r o p h i c  compe t i t o r s  i n  t h i s  environment.  

Samples c o l l e c t e d  ad j acen t  f o  fumeroles  i n  n o r t h e r n  C a l i f o r n i a  have 

y i e l d e d  most ly  fungus  c o l o n i e s  on h e t e r o t r o p h i c  media. I f  we assume 

t h a t  an i n v a s i o n  o f  marine microorganisms w i l l  i n i t i a l l y  c o l o n i z e  

S u r t s e y ,  t h e s e  microorganisms w i l l  encounter  a  new environment w i t h  

r e s p e c t  t o  pH, excep t  perhaps  a t  t h e  ocean-beach i n t e r f a c e .  The 

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

s u g g e s t s  t h a t  marine organisms may become e s t a b l i s h e d  a t  c e r t a i n  

s i t e s  wh i l e  d i f f e r e n t  organisms may become e s t a b l i s h e d  a t  o t h e r  

s i t e s .  S ince  a  l a r g e  percen tage  o f  t h e  microorganisms i n  s o i l  can 

grow w e l l  i n  s e a  wate r  media, t h e  a b i l i t y  t o  grow i n  such media 

would no t  n e c e s s a r i l y  i n d i c a t e  a  marine-derived p o p u l a t i o n .  How- 

e v e r ,  t h e  p resence  of  a  l a r g e  p o p u l a t i o n  o f  microorganisms which 

a r e  unab le  t o  grow i n  a  s e a  wate r  medium would p rov ide  some e v i -  

dence f o r  t h e  e s t ab l i shmen t  of  a  land-der ived m i c r o f l o r a .  The t y p e s  

and abundance o f  t h e s e  microorganisms w i l l  be t h e  s u b j e c t  o f  any 

f u t u r e  i n v e s t i g a t i o n s .  
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