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RESUME 

La conduct ivi te  e lec t r ique  de l a  glace n a t u r e l l e  v a r i e  en general  avec 
l ' a c i d i t e  de l ' eau  de fusion. Cette methode a  6t6 u t i l i s e e  avec succes par 
Hammer ( 1 )  pour d e t e c t e r  l e s  empreintes d 'erupt ions volcaniques dans l a  glace 
du Groln land. 
Dans c e  papier p lus ieurs  p r o f i l s  de conduct ivi te  sont presentds pour deux 
s i t e s  antarct iques (Vostok e t  Pale Sud) en l i a i son  avec une etude globale  des 
impuretes solubles .  Nos p r o f i l s  mettent en evidence un important "double pic" 
de conduct ivi t4  et d'acide sulfur ique dans l a  neige deposee durant l e s  "annees 
Tambora (1815)", ce  qui nous s e r t  d'horizon repere.  
P a m i  l e s  t r o i s  acides habituellement presents  dans la  g lace  (H SO ,HC1 e t  2 4 
HNO ) HC1 e t  HNO semblent jouer un r a l e  preponderant sur  l e s  nlveaux de 3 conauct ivi te .  Par a i l l e u r s  un e f f e t  nega t i f  des aluminosi l icates  e s t  m i s  en 
evidence. Ces r e s u l t a t s  suggerent que des impuretes dans l a  glace se ra ien t  
loca l i sees  aux j o i n t s  de gra ins  03 le  pH pourrai t  a t t e i n d r e  de t r es  basses 
va leurs .  Cette hypothese e s t  en accord avec l e  modele de conduction 
anterieurement propose par Wolff e t  Paren (2) .  

ABSTRACT 

The D.C. conduct ivi ty  of n a t u r a l  i c e  genera1l.y shows a  s t rong c o r r e l a t i o n  with 
t h e  a c i d i t y  of the  meltwater sample. This method was successful ly applied by 
Hammer (1 )  t o  d e t e c t  debr i s  of volcanic  erupt ions recorded i n  Greenland i c e  
cores. 
I n  t h i s  paper we study severa l  conduct ivi ty  p r o f i l e s  f o r  a n t a r c t i c  i c e  cores 
(Vostok and South Pole s t a t i o n s )  i n  r e l a t i o n  with a  comprehensive study of 
so lub le  species .  Our p r o f i l e s  revealed an important "double spike" on both 
conduct ivi ty  and s u l f u r i c  acid record f o r  snow deposited during the  "Tambora 
years  (1815)" which i s  used a s  a  s t a t i g r a p h i c  marker. 
Among t h e  th ree  ac ids  (H2S04,HC1 and HNO3) usual ly present  i n  the  i c e  HC1 and 
HN03 seem t o  be more e f f e c t i v e  than H2SO4 on the  conduct ivi ty  background. I n  
add i t ion  it is  suggested a  negative e f f e c t  of a luminosi l icates ,  These r e s u l t s  
suggest tha t  impuri t ies  a r e  located a t  g r a i n  boundaries where the  pH can reach 
very low values.  This assumption is  i n  agreement with the  conduct ivi ty  model 
previously proposed by Wolff and Paren ( 2 ) .  

INTRODUCTION 

Deep i c e  cores i n  Greenland and Antarct ic  i c e  sheets  provide continuous r e c o r d s  of  
c l i m a t e  and a tmospher ic  c o n t e n t  over periods as  long as  100 kyears o r  more. Many 
fea tures  of past  environments may be r e c o n s t r u c t e d ,  i q c  lud ing  t h e i r  h i s t o r i c a l  
vo lcan ism. In  r e l a t i o n  t o  t h i s  t o p i c ,  Hammer ( 1 )  has  shown t h a t  e l e c t r i c a l  
conduct ivi ty  measurements (E.C.M.) on Greenland i c e  c o r e  samples a r e  e s s e n t i a l l y  
dependent  on t h e  _ a c i d i t y  of t h e  m e l t w a t e r ,  and he  proposes  a  volcanism 
reconstruct ion coverlng the l a s t  10,000 years. 
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S i m i l a r  s t u d i e s  have been performed on A n t a r c t i c  i c e  (Maccagnan e t  a 1  ( 3 ) ,  
Maccagnan and Duval (41, Schwander (5 ) ) .  However t h e i r  r e s u l t s  d e a l  w i t h  c e r t a i n  
phenomenological  and ph ys i c a  1 a s p e c t s  o f  the  DC conduct ivi ty  and no c a l i b r a t i o n  
curve was establ ished f o r  t h i s  i ce ,  o f ten  d i f f e r e n t  from Greenland i c e  with respect  
t o  impurity content .  
Z a n o l i n i  ( 6 )  has  examined twelve c o n d u c t i v i t y  s p i k e s  observed on a  continuous 
E .C .M.  p r o f i l e  from a 200 m deep- ice  c o r e - a t  D 57 ( T e r r e  Adel ie )  i n  a  more 
colqprehensive chemical study (H+, NO , and SO4 measurements). Ten peaks were found 
t o  be  p o s i t i v e l y  c o r r e l a t e d  w i t 2  i n c ~ e a s e s  o f  HNO o r  H2S04 and two had no 

3 c o r r e l a t i o n .  For s imi la r  increases i n  H content ,  t h i s  E.C.M. record suggests t h a t  
HNO may be more re la ted  t o  conduct ivi ty  than H2S04. I f  t r u e ,  the  i n t e r p r e t a t i o n  of 
conauct ivi ty  p r o f i l e s  i n  term of volcanism becomes quest ionable i f  no t  checked by 
chemica l  a n a l y s i s ,  s i n c e  HNO i s  no t  assumed t o  be of volcanic o r ig in .  !he two 

3 "ghost  peaks" ,  unexpla ined  by chemica l  a n a l y s i s ,  c a s t  doubt  on t h e  r e s u l t s  
o b t a i n e d  f o r  D 57 s i n c e  t h e  E.  C.M. s i g n a l  is  temperature dependent and t h e  core 
temperature was not monitered during E.C.M. measurements. 
In  a d d i t i o n  t o  t h e  s e a r c h  f o r  op t imal  c o n d i t i o n s  t o  o b t a i n  r e l i a b l e  E.C.M.  
p r o f i l e s ,  the  object ive of t h i s  study i s  t o  q u a n t i f y  t h e  i n f l u e n c e  of  each a c i d  
(H SO ,HN03 and HCl) on the DC conduct ivi ty  using a  comprehensive study of soluble  

2 4 species  present i n  Antarct ic  i ce .  

EXPERIMENTAL STRATEGY AND METHODS 

E .  C.M.  was performed u s i n g  a  p a i r  of sharp electrodes (10 mm apar t )  pushed a  few 
mil l imetres  in to  the core and moved by a  s ledge over a  plane s u r f a c e  c u t  p a r a 1  l e  1 
t o  t h e  c o r e  ax i s .  The applied vol tage was 1000 V and the  temperature of the sample 
(around - 15O C) was c a r e f u l l y  monitered. A 10 mm th ick  of ou te r  layer o f  t h e  c o r e  
was f i r s t  removed i n  order  t o  avoid poss.ible ageing e f f e c t s  on s tored cores .  

We c a r r i e d  out two s e r i e s  of measurements on i c e  c o r e s  d r i l l e d  a t  two A n t a r c t i c  
s t a t i o n s  : South Pole (90' S ,  2800 m e leva t ion  a .s .  I )  and Vostok (78' S ,  107' E l  
3600 rn a.s.1).  F i r s t ,  we se lec ted  i c e  samples c o r r e s p o n d i n g  i n  t ime t o  t h e  huge 
e r u p t i o n  of  Tambora i n  1815 which was fol lowed by a  large input of H,SO,,. l h i s  

L -. 
event can be e a s i l y  i d e n t i f i e d  on a  continuous record (Fig. 1 )  s ince it is preceded 
by another e rup t ion ,  seven  y e a r s  e a r l i e r  of  a n  unknown volcano  (no h i s t o r i c a l  
r e c o r d )  (Legrand and Delmas ( 7 ) ) .  This "twin" peak was i d e n t i f i e d  a t  South Pole i n  
seven cores d r i l l e d  i n  a  10 km radius around the s t a t i o n ,  and i n  3 d i f f e r e n t  c o r e s  
a t  Vostok. Ihe depth of the  Tambara event is cons i s ten t  with the  accumulation r a t e  
deduced from t o t a l  Beta r a d i o a c t i v i t y  measurements a t  each l o c a t i o n .  The Tambora 

Fig. 1 : Continuous E.C.M.  p r o f i l e  o b t a i n e d  a t  South Pole S ta t ion .  The highest 
peak, a t  23 m depth,  c o r r e s p o n d s  t o  t h e  Tarnbora e r u p t i o n ,  preceded by 
another volcanic erupt ion.  A peak a t  4  m depth corresponds t o  the  Mt Agung 
eruption in 1963 (not s tudied in  t h i s  paper). 



l a y e r  i s  found a t  a  d e p t h  of 23 m a t  South Pole and 15 m a t  Vostok. This double 
spike i s  a l s o  seen on o ther  p r o f i l e s  covering t h i s  time period performed a t  various 
l o c a t i o n s  ( a t  Dome C ,  Legrand (8) ; a t  Siple ,  Schwander (5 )  and a t  D 57 Zanolini 
(6 ) ) .  These two peaks,seven years apart  and the  la rges t  of t h e  two l a s t  c e n t u r i e s  
r e c o r d e d  anywhere i n  Antarct ica,  a r e  a  valuable a id  in  the da t ing  of snow layers .  
For example, these two volcanic reference layers  were used by Z a n o l i n i  e t  a l .  ( 9 )  
t o  e s t a b l i s h  t h e  chronology of a  200 m deep i c e  core from D 57 where dat ing i s  very 
d i f f i c u l t  i n  r e l a t i o n  t o  an i r r e g u l a r  accumula t ion  v a r i a t i o n  and g l a c i o l o g i c a l  
parameters ( i c e  flow), 

From F i g .  1 ,  t h e  E.C.M. s igna l  tends t o  increase with depth from the surface down 
t o  30 us, a t t r i b u a b l e  t o  the  increased contact  beetwen f i r n  and e l e c t r o d e s  due t o  
f i r n  harden ing  is w e l l  a s  the increase i n  the  conduct ivi ty  of f i r n  a s  i t s  dens i ty  
increases.  In order t o  c a l i b r a t e  the Vostok E.C.M. s igna l  t o  a  depth of about  25 m 
we a p p l i e d  a  c o r r e c t i o n  fac tor  of 1 .4 t o  these da ta ,  represent ing approximatively 
t h e  r a t i o  between 23 and 15 m s igna ls  on Fig. 1. 

1 1 @ , B A c ~ G R ~ u N ~  , , '-'.%:, 1:: -/ p r o c e s s . I n  temperature range, t h e  - 25 our t o  a c t  - 9" iva- C 

A SPIKE t i o n  energy  i s  cons i s ten t  with 
previous s t u d i e s  (Hammer ( l l ) ,  
N e f t e l  e t  a 1 1 2  Reynolds 

0 and Paren (13)) and we use t h i s  
3.5 (1000/T) 4.5 v a l u e  i n  n o r m a l i z i n g  a l l  d a t a  

t o  a  temperature o f  - 15" C .  

The second s e t  of measurements was made on samples from the  2083 m Vostok core, 
retrograded i n  Grenoble. These samples cover the  l a s t  150 kyrs  and have been used 
i n  s t a b l e  i s o t o p e  s t u d i e s  t o  r e c o n s t r u c t  the l a s t  c l imatic  cycle (Lorius e t  a l .  
(10)).  Note t h a t  during g l a c i a l  c l imate,  t h e  i c e  shows a  d r a s t i c  enhancement of  
insoluble and soluble compounds (Legrand e t  a1 . , t o  be published). 
The E.C.M. s igna l  i s  temperature dependent. Fig. 2  represents  t h e  s i g n a l  from t h e  
core before and during the Tambora spike versus the  rec iproca l  of temperature. 

Assming t h a t  c u r r e n t  ( i )  i s  a  

0 -10 -20 -30 -40 f u n c t i o n  o f  t e m p e r a t u r e  (TI 
4 I I 1 I I -5: accord ing  t o  an Arrhen ius  law 

Fig. 2  : The conduc t iv i ty  s i g n a l  a s  a  function of temperature : t r i a n g l e s  re fe r  t o  
the Tambora s igna l  and crosses  t o  an undisturbed level  (sample from South 
Pole S ta t ion) .  

3 

- - 
- 2 -  
C3 
0 
-I 

+ + 
We have measured major ions (1.e. Na ,NH4  , K+, c ~ + + , M ~ + + ,  H + , c ~ - , N O  - and so4--) on 
t h e  cor responding  samples.  H c o n t e n t  was measured by an acid $ i t r a t i o n  method 
which ru les -ou t  the influence of CO (Legrand e t  a l .  (14)) .  A l l  o ther  ions were 

2 determined by ion chromatography u s i n g  s t r i n g e n t  con tamina t ion  f r e e  t e c h n i q u e s  
(Legrand e t  a l .  (15) ) .  As already discussed,  ( see ,  fo r  example, Legrand and Delmas 
(16)) ,  such a  comprehensive study can be used t o  iden t i fy  the o r i g i n  o f  each i o n .  
In  t h i s  way, we have demonstrated t h a t  t h e  proton present i n  i c e  comes from HNO 

3 H SO and sometimes HC1 ( c a l c u l a t i o n s  o f  each contr ibut ion a r e  d e t a i l e d  i n  t h i s  
2  4 volume ; see Legrand (17)) .  

(" C) - A - 
A-' 4, 

- a. 
@--&.a. -4. - 

.Q-... - 
-. 
"Ct\ ". .> '. - . .. - . . , . 

'\ ', - . , . , . . , . - . , . . . . 

( i  = i, exp -E/RT) ,  a n  
ac t iva t ion  energy of 0.25 eV 
is found i n  t h e  - 25 t o  - go C 
temperature range. For tempera- 
tu res  higher  than - 6" C the  
s igna l  decreases. This may b e  
due t o  weaker contact  between 
t h e  e l e c t r o d e s  and t h e  i c e  
c r y s t a l s  s ince  the  f i r n  becomes 
t o o  s o f t  f o r  good c o n t a c t .  
Another p o s s i b i l i t y  i s  a  d r a s t i c  
modif icat ion of t h e  conduc t ion  
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THE INFLUENCE OF TEE PROTON ORIGIN 

F i g .  3  shows t h e  E.C.M. r e c o r d  of  the  Tambora erupt ion f o r  Vostok and South Pole 
i c e  cores  with resu) s fo r  each o r i g i n  of a c i d i t y .  The HC1 c o n c e n t r a t i o n  i s  v e r y  f 
low ( Y  0.2 pEq. 1  ) and i s  assumed t o  have a  behaviour s i m i l a r  t o  t h a t  of  HNO 3' 
The sum of HC1 + HN03 is  the re fo re  repor ted .  The E.C.M. s i g n a l  ( i ) i s  p l o t t e d  versus  
t o t a l  a c i d i t y  ([H7) i n  Fig.  4. 

Fig.  

4- 

3 : Tambora e r u p t i o n  a s  recorded by E.C.M. 
and by a c i d  r e c o n s t i t u t i o n  from 
chemistry a t  South Pole and Vostok. For 
a c i d s ,  t h e  upper  c u r v e  r e f e r s  t o  
t h e  sums o f  

HN02 
+ HC1 + H2S04 

c o n t r i b u t i o n s  and h e  b roken  l i n e  t o  
t h e  sum of HNO and HC1. 

. 3  

F i g .  4 : T o t a l  a c i d i t y  H+ a s  a  funct ion of  
E.C.M. s i g n a l  f o r  South P o l e  
( s t a r s )  and Vostok ( t r i a n g l e s )  d a t a  

4 A A A A  
from Fig. 3. + & ,A A  

Data a r e  f i t t e d  b y  a  regress ion  funct ion ia = a [~7 ,  where a  a  d  a  a r e  estimated 
by  t h e  l e a s t  s q u a r e s  method. The values  f p ~  a  and a  a r e  1 .1  lo-' ( r e l a t i v e  u n i t s )  
and 2 .48  f o r  South P o l e  d a  a  and 9 .5  10 and 1.58 f o r  Vostok respec t ive ly .  For 
low a c i d i t y ,  around 2 pEq.l-5 t h e  conduc t iv i ty  s i g n a l  appears s i g n i f i c a n t l y  higher  
a t  South Pole than a t  Vostok. 
The c h e m i c a l  a n a l y s i s  shows t h a t  H SO represen s the predominant con t r ibu t ion  of  

2  4  t h e  a c j f i t y  background f o r  Vostok (1 .1  yEq. 1-I o r  81 1). HNO being minor (0.26 3 
pEq. 1  o r  19%) and HC1 no t  present  a t  a l l .  On t h e  contraryLlfor  South Pole, only 
45 % of  the  a c i d i t y  i s  due -50 t h e  presence of  H SO ( 1  pEq. 1 ) and 55 % i s  due t o  

4  HN03 and H C l  (1.5 pEq. 1 ) .  In o r d e r  t o  e s g i m a t e  the  s p e c i f i c  e f f e c t  of o t h e r  
components ,  [HNO + HCI] on one h a n d ,  [H so4] on t h e  o t h e r ,  we assume t h a t  the  

E.C.M. s i g n a l  i a  a  f u n c t i o n  o f  a n  e f f e c l i v e  a c i d i t y  (He f) a c c o r d i n g  t o  t h e  
e q u a t i o n :  ia = a H e  , where t h i s  e f f e c t i v e  a c i d i t y  is a  5 m e a r  combination of  
t h r e e  main components . 

H~~~ = [ H N O ~  + HCI] + b [H~SOJ eq: 1 

HC1 and HNO a r e  assumed t o  have a  s i m i l a r  behavior with respec t  t o  H The b e s t  
f i t  of t h e  38 da ta  po in t s  i n  Fig. 3 g ives  1.8 f o r  a ,  3.98 f o r  a  and O.?ff;or b.  The 
r e g r e s s i o n  c o e f f i c i e n t  is 0.98. We t e s t e d  the  s e n s i t i v i t y  of  thf r e s u l t  t o  a  and b 
i n  two - t a s e s  : i )  when we remove t h e  h ighes t  3  values  (where H is g r e a t e r  than 7 
pEq. 1  ) and i i )  when t h e  c a l i b r a t i o n  c o e f f i c i e n t  used t o  compensate f o r  the  



varying dens i f ica t ion  e f f e c t  between the  two locat ions i s  reduced t o  1.2. In  bo th  
c a s e s ,  a and b d e c r e a s e  toward 1 . 3  and 0 .4  r e s p e c t i v e l y ,  represen t ing  extreme 
va lues . 
These d a t a  sugges t  t h a t  t h e  i n f l u e n c e  of  HN03 and HC1 on t h e  c o n d u c t i v i t y  
background i s  more i m p o r t a n t  t h a n  H SO4. This  can be explained considering the  
model proposed by Wolf f  and Paren ( 2 ) .  lndeed HC1,  HNO and H2S04 ( a t  Least fo r  the  
f i r s t  d i s s o c i a t i o n )  a r e  s t r o n g  acids ,  but the  second d i ssoc ia t ion  of H SO is an 
equilibrium react ion which depends on the  pH : 2 4 

-- 
~ s o ~ -  + H20, SO4 + H 3 0' with K - -   SO,!-^ [ H ~ O ~  = 10-l. 9 

L - ~ ~ 0 4 7  
For s e v e r a l  r e a s o n s  a l r e a d y  developed (Legrand,  17) we a g r e e  wi th  t h e  i d e a  
( p r e v i o u s l y  proposed by Maccagnan (18) ,  Wolff and Paren ( 2 ) )  t h a t  s u l f u r i c  acid is 
mainly i n  the i c e  a t  t h e  g r a i n  boundaries. In t h i s  case,  the  pH of the l i q u i d  v a i n  
can reach low values ( i . e .  pH= 2.5 when b = 0.7 and pH =r 1 when b = 0.4). 

A v a l u e  of  0.4 fo r  b  would suggest t h a t  a  small f r a c t i o n  of HC1 or  HN03 is  located 
a t  g ra in  boundaries. This assumption i s  no t  o v e r l y  s u r p r i s i n g .  Indeed,  f o r  t h e  
o p p o s i t e  c a s e  o f  H2S04, Legrand (17) concludes t h a t  only a  small f r a c t i o n  of HNO 

i s  d e p o s i t e d  d i r e c t l y  a t  the  snow surface.  So the  incorporation in to  the i c e  woula 
b e  b e t t e r  f o r  HN03 t h a n  H SO4 ( a t  l e a s t  d u r i n g  t h e  d e p o s i t i o n  s t e p ) .  This  
conclusion needs t o  be  c h e c i e d  by o t h e r  exper iments  on n a t u r a l  i c e  and doped 
laboratory-grown c r y s t a l s .  

It i s  a l s o  impor tan t  t o  n o t e  t h a t  o u r  p r e s e n t  r e s u l t s  do n o t  q u e s t i o n  t h e  
c a l i b r a t i o n  curve es tab l i shed  by Hammer on Greenland i c e  c o r e s  ( 1 ) .  Indeed t h i s  
c u r v e  was performed using cores from Crete, Dye 3 and Camp C n tury  and the  n i t r a t e  
contents  a t  these locat ions a r e  very s imi la r  (about l yep. I-' Herron (19))  and the 
HC1 content is probably i n s i g n i f i c a n t  (Hammer e t  a l .  (20)).  

POSSIBLE EFFECT OF OTHER IMPURITIES 

The E.C.M. r e s u l t s  of the  56 i c e  sec t ions  ( 20 cm long) and taken roughly every 40 
meters from the  2083 m Vostok core a r e  r e p o r t e d  i n  F ig .  6 ,  p l o t t e d  v e r s u s  t h e i r  
c o r r e s p o n d i n g  t o t a l  a c i d i t y .  For 47 samples, t h e  acid components were i d e n t i f i e d ,  
bu for  the  remaining nine , the  high leve l  of the t o t a l  ion ic  load (up t o  30 pEq. -i 1 ) prevents accurate  est imation of HNO and HC1 contr ibut ions.  In the  47 samples, 
H SO c o n t r i b u t i o n s  t o  t h e  t o t a l  a c i d i t y  a r e  a reponderan t  (60 t o  90 l) and the 
v % r i i t i o n s  a r e  i n  the  r n e  of 0.4 t o  4.5 yEq. 1  . HNO and HCI vary i n  the  range 

3 o f  0.16 t o  0.48 yEq. I-' znd t h e i r  contr ibut ions a r e  so small t h a t  the  ca lcu la t ion  
of the  a and b c o e f f i c i e n t s  of the c a l i b r a t i o n  curve is not s i g n i f i c a n t .  However i f  
we adopt  t h e  c a l i b r a t i o n  curve we obtained here above, the  c o r r e l a t i o n  c o e f f i c i e n t  
i s  0.91 f o r  these 47 values.  

In  F ig .  5 ,  t h e  s e t  o f  n i n e  v a l u g s  i s  o b v i o u s l y  d i f f e r e n t  w i t h  r e s p e c t  t o  the  
c a l i b r a t i o n  curve .  For a  given H concentration, a  reduction of t h e  E.C.M. s i g n a l  
i s  observed for  those samples containing high impurity concentrat ions ( s e e  ca lc ium 
content reported Fig. 5 ) .  

These n i n e  c o r e s  a r e  from-§he g J f c i a l  age and moreover reveal  the  highest  s a l t  
c o n t e n t  o f  our p r o f i l e  (10 g.g ). As developed by Legrand (17) ( t h i s  volume), 
during g l a ~ i a l + ~ o n d ~ 5 i o n s L - t h e  i c e  contains  large amount of s e a  s a l t  (main ly  NaCl 
and some K , Ca , Mg , SO4 ) t e r r e s t r i a l  s a l t s  (mainly CaSO ) and insoluble species  

4 (various a luminos i l i ca tes ,  P e t i t  e t  a l .  ( 2 1 ) ) .  Sea s a l t  would n o t  s i g n i f i c a n t l y  
i n f l u e n c e  t h e  c u r r e n t  (Hammer ( 1 ) ) .  Furthermore, a s  demonstrated by Legrand (17), 
( a ) ,  i t  i s  important t o  note t h a t  calcium is  presen t  i n  A n t a r c t i c  i c e  d u r i n g  t h e  
c o l d e s t  t ime p e r i o d  i n  t h e  form of &SO4. This is not the case f o r  Greenland i c e  
cores  i n  which Hammer (1) pointed out high calcium contents associated with a l c a l i c  
i c e  (pH = 7 ) .  The e x p l a n a t i o n  f o r  t h i s  phenomenon therefore does not seem t o  be 
linked t o  the soluble species .  
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High calcium content is  associated with high+$luminosilicate content ( a s  suggested 
by  t h e  s t r o n g  c o r r e l a t i o n  between A1 and Ca contents obtained by Legrand ( S ) ) . .  
Aluminosilicates a r e  insoluble i n  water ( a t  pH = 5 ,  s e e  Legrand ( 8 ) )  bu t  sodium 
present  i n  these compounds is e a s i l y  exchanged with proton a t  pH = 2.3 according t o  
the r e v e r s i b l e  reac t ion  ( S t u m  and Morgan (22)) : 

Cation-Aluminosilicates + H+ + H20 H Si04 + ~ a +  + Aluminosilicates 
4 

F i g .  5 : Total  a c i d i t y  [H+) as  a function 
of E.C.M. s igna l  fo r  samples of  d i f f e r e n t  
c l i m a t i c  p e r i o d s  from t h e  2083 m Vostok 
core. Dots with numbers r e f e r  t o  samples 
from t h e  g l a c i a l  a g e  ( w i t h  c a l  ium -5 
c o n c e n t r a t i o n s  h i g h e r  than 2 pEq. 1 a s  
indicated by the number). The broken l i n e  
i s  a mean c a l i b r a t i o n  c u r v e  c a l c u l a t e d  
from e q .  (1 )  assuming a c o n s t a n t  
con t r i - l lu t ion  of  HN03 + HC1 e q u a l  t o  0.3 
pEq. 1 would be excepted f o r  value of H 
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As p r e v i o u s l y  d i s c u s s e d  by Wolff and Paren (2) ,both H SO and insoluble p a r t i c l e s  
a r e  p robably  l o c a t e d  i n  t h e  i c e  a t  g r a i n  boundar ieg .  k n  t h i s  c a s e ,  a t  g r a i n  
b o u n d a r i e s ,  t h e  pH i s  p robably  c l o s e  t o  one and a l u m i n o s i l i c a t e s  can p a r t l y  
exchange cat ions w i t h  p r o t o n s .  When we m e l t  t h e  i c e ,  t h e  pH d e c r e a s e s  and t h e  
preced ing  r e a c t i o n  s h i f t s  completely t o  the l e f t .  Therefore, the exchange between 
acid and aluminosi l icates  can explain the decrease of the E.C.M. s i g n a l  when b o t h  
a r e  present  a t  t h e  g r a i n  boundaries. 
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CONCLUSION 

I n  a d d i t i o n  t o  t h e  g l a c i o l o g i c a l  i n t e r e s t  of  t h e  de tec t ion  of a "twin" peak a t  
var ious A n t ~ r c t i c  loca t ions ,  t h i s  study shows t h a t  t h e  E.C.M. i s  w e l l  c o r r e l a t e d  
w i t h  t h e  H content of the  meltwater ( a t  l e a s t  a t  one locat ion) .  However, HNO and 
H C ~  a p p e a r  t o  be more e f f e c t i v e  (by  a f a c t o r  1.5 t o  2.0) t h a n  H SO on tde  DC 
c o n d u c t i v i t y  o f  i c e .  Our r e s u l t s  t h e r e f o r e  s u g g e s t  t h a t  t h e  H 5 4 

monoacid i n  the i ce .  This would be compat ib le  w i t h  a h i g h  concen~ryfi:z~:t~:h: 
l o c a t i o n  o f  t h i s  i m p u r i t y  i n  i c e  (possibly a t  the g ra in  boundary). The e f f e c t  of 
i n s o l u b l e  i m p u r i t i e s  i s  n e g l i g i b l e ,  b u t  becomes more s e n s i t i v e  a t  h i g h  
c o n c e n t r a t i o n  l e v e l s  a s  found i n  Ice-Age layers .  This is not due t o  the react ion 
of acid with carbonate, a s  observed i n  Greenland, but r a t h e r  t o  t h e  r e a c t i o n  wi th  
a l u m i n o s i l i c a t e s  found i n  A n t a r c t i c  i c e .  The r e s u l t i n g  e f f e c t  is a l s o  a weaker 
c o r r e l a t i o n  between a c i d i t y  of meltwater and DC conduct ivi ty .  
F i n a l l y ,  f o r  A n t a r c t i c  i c e ,  because HCl and HN03 c o n t e n t s  v a r y  g r e a t l y  f o r  
d i f f e r e n t  geographical loca t ions ,  the  i n t e r p r e t a t i o n  of E.C.M. p r o f i l e s  i n  terms of 
v o l c a n i c  i n p u t  r e q u i r e s  c o n f i r m a t i o n  by comprehensive chemical s t u d i e s .  Further 
work ( e l e c t r i c a l  and chemica l  measurements)  may a l s o  prov ide  v a l u a b l e  a i d  i n  
locat ing impuri t ies  within the  l a t t i c e .  
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