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ABSTRACT, Sh a \l O\ \ ice co res f"i"o m a n Anta rcti c blu e-i ce a rea a t Scha rITenberg
botn en wcre I+C-a na lvzed using a drv-ex trac ti on techniqu e a nd accelerator m a'ss 
spec trom etry, The in situ produ~ \i o n w~s d e termin ecl from th e I fc:O componcnt a nd 
used to d edu ce th e natura l e 0 2 compo nent. The ages wer e m eas ured a t 
10000 + 3000 BP, Th e acc umul a ti on and a bl a ti on ra tes determin ed from th e in situ 
prod uction a re 7- 20 and 10 cm a I. res pec ti \'t> ly. sholl'ing agree ment \I' ith fi eld obse r
\'a ti ons, Th e deri\'ed ages a nd a ir- yield da ta sholl" a nea rby ori gin fo r th c surface ice , 

INTRODUCTION 

Num e ri cal mod els h a \'c bee n d e\ 'e lo ped to d escribe th e 

ice Oow intempera te g laciers a nd ice shee ts. D a ting o[ ice 

is a n impo rt a nt too l fo r \ 'alida Ling th ese m od els, A reli a bl e 

time-scale is a lso required in o rd er to inte rpre t th e 
pa laeoC\im a ri c reco rd s d eri\"ed fro lll ice cores , The e02 

component o f th e enc losed a ir conta ins a radioac ti\"e li e 

cl ock whi ch sta rts w hen s n o \~" is tra nsform ed into ice a nd 

when a ir is sealed o IT from th e a tm os phere , l\I easurement 

of th e residu a l I fC ac ti\'ity rC\'eals th e d a te o f th e ice , 

Unlike m e th od s th a t count the a nnu a l va ly ing pa ra 
m e ters. such as 5 1BO or conduc ti vity, I fe d a tin g d oes no t 
d e pend on th e obse rva bility ofla yers. This m ay be usefLd , 
pa rti cul a rl y [o r d a ting ice from a bla tion zon es , 

The I+C ac ti\ 'ity in ice o ri g in a tes, howe\'e r , no t onl y 

from th e tra pping o f a tm ospheric CO 2, but a lso from th e 
in situ produc ti on of I+e in th e ice du e to nuclear 
reac ti ons b y cosmi c rays (firem a n a nd Norris, 198 2). 
After th eir form a ti o n, ho t I fe a tom s beco m e oxidi zed as 

th ey slow d own. During thi s process , I fC02 a nd I+CO 

m ay be formed a t a co nsta nt ra ti o (R oess ler , 1988). 
B I h ' II CO "I' , ecau se t l C atm os p en c co ncentra ti o n IS neg Igl-
bl e, Ileo in ice is ascribed exclusiv rl y to in situ 
produ ction a nd can be used to d etermin e th e a m ount of 
in situ I fe02 on th e basis o f a kn own produc ti on ratio of 
in situ I-1C 0 2 a nd I+CO (V a n R o ij en and o th ers, 1994 ) , 

After co rrec tin g th e a mount of I fC02 in ice fo r th e 

a m ount of in situ 14C0 2 th e ice ca n be d a ted. 
Th e produc ti on of l ie d ec reases ex ponentia ll y with 

d epth due to th e a ttenu a ti on of cos mi c ra ys in ice , Since 

sur[aee ice is ge nera ll y ex posed to erosion, production 

d epends no t onl y on th e intensity of cosmi c rays but a lso on 

th e exposure tim e and thus th e a bl a ti on ra te. The a bl a ti on 

ra te ca n thus be d etermined (i"om th e total a mo unt of in 
situ produ cts in th e ice (La l a nd o lh ers, 1990 1. A simila r 

rela ti on is ex pec ted betwee n in situ production a nd th e 

acc umul a tion ra le a t th e tim e of ice form a ti on (L al a nd 

J ull , 1990: \' a n R oij en a ncl o th ers. 1994 1. 

In thi s report lI"e a na lvze , h a lloll" ice co rcs o bta ined 
ri"o m a n Anta rctic blu e-i ce a rea in Dro nning :\Iaud L a nd 
Bo th IIe0 2 a nd Il eo m eas urem ents w ill be prese nt ed, 

After co rrec ti on fo r th e in situ lie component th e ages o f 

th e ice co res \\·ill be cl educed, In additi on wc \\'ill di sc uss 

hOIl' th e in situ I+C can prO\' id e a be tte r und e rsta nding o f' 

a bl a ti on a nd acc umul a ti on ra tes , 

FIELD DESCRIPTION 

Fi g ure I sho ll's sc h emati ca ll y th e blu e-i ce a rea a t 
Scha rfTcnb erg bo tl1 en (7+(34' S, 11 °03' \ \ ' ) , Th e co ring 
loca ti ons a re indi ca led. Cores 5, 6 and 15, with leng lhs 
o f' 3, 3 a nd 10 m , res peCli\'e h ' , lI'ere used in thi s 

im'es tiga ti o n , Th e cirque-like bas in is dO\\'ll strea m (i"o m 

th e H eimefrontG ell a nun a ta ks, \\'es tern Dronning .\Ia ud 

L a nd , E as t Anta rctica , Insid e th e \"a ll ey a de pression h as 
fo rm ed , lI"he re a bl a li on occ urs, Th e ele\'a tion here is a bo ut 
11 50 m , but th e \\"es terh ' ice di\"id es a re loca ted 80- 100 m 
hi ghe r, In additi on to the ice th a t ente rs Scharflc nberg

bo tn en from th e ice di\' icl es, th ere is a sm a ll ice now \\'h ich 

enLers Lh e \ a ll ey a long a 400 111 ice fa ll in th e eas t (jo nsso n , 

1992 ) , Th e mea n annual temperature in th e centre of th e 
d epress io n is est im a ted a t 18 - C fo r th e yea r 1988 
(pe rso n a l co mllluni ca ti on fro lll R. Bint a nja and S. 

J Ol1 sso n , 1994 ) , :\Ielt fea tures ha \'e been obserl 'ed onl y 

a ro und th e easte rn pa rt of th e blu e-i ce a rea, a t th e bOLtom 

of the d epress ion (j onsson , 1992 ). Th e drilling loca ti ons 
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r -(l1I Roijell alld olhers: Ne measuremenls 011 Anlarc/ic ire 
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Fig. I . r 'if[( ' ~/ tlte Sc/t(/JjJenbergboll/f/I basin . i lldicated 
are Ihe raring silej . .from which cores 5. 6 al/d 15 are lIsed 
ill litis work . For comjJ(lrisoll, /Ja rl oJ Ihe Swedish slake net 

is II/arked. 

chosen we re outside this a rea . In acco rd a nce with the 
Swedis h Anta rc ti c R esearch Progra m me (SWEDARP), a 
number of" sta kes we re pl a nted by S\\'edi sh scielllists bo th 
inside a nd o utsid e the basin for mass-bala nce a nd ice

mo\'e ment studi es . .'vleas urements h a\'e been ca rri ed o ut 

since the fie ld season 1988, and a bl at ion ra tes have been 
repo rted O\'er a 4 a period (Naslund, 1992 ) . 

METHOD 

Ice sall1plin g 

The ice sam ples we re ha ndl ed carefull y to preven t a ny 
contami nat io n . 1'\0 drillin g nuid s we re used , a nd 
imm edia tely a Cter d rilling the ice sam ples were sealed in 

pol yth ene bags . T he ice cores we re kept below 12cC 
du rin g transport by sledge, boa t a nd tru ck. Th e ice 
sam ples we re tra nspo rted imm edi a tely in ord er to pre\'ent 
th e risk o f" pos t-co re in situ con tam in ation. 

Before extraction , a bout I cm of th e outer parts of th e 
ice samples a nd a Ilum ber of crac ks in the samples were 

rc mOl'ed with a band-saw in a co ld room a t 25 °C. Befo re 
the sample was loaded in th e extraction vesse l the outer 
pan s we re remow'd o nce mo re with a sha rp knife und er 
a n argon atmosphere. 

Experill1ental 

A d ry-extrac ti on tec hniq ue was chosen for ex trac ting th e 
gases from lhe ice (Van R oijen, 1995 ). Dry ex trac ti on 
prevents di ssolutio n of pa rticul a tes o r sa lts and minimises 
con tam in at ion ['rom o u tgassing (1\II oor a nd S ta ulfer 

1984). W e expect in o ur set-u p an effi ciency compa rable 

to th a t of the simil a r sys tems of lVl oo r a nd StauITer ( 1984) 
and 1'\a kazawa and o th ers (1993 ). whi ch was found to be 
90% a nd 98 % . respective ly. 

After load ing, th e o uter parts o r th e ice sa mple we re 
e\'apora ted lo r a t leas t 5 h a t ~30 ° C. U nder \'ac uum 

condi tions, rota ting razor bl ades dri ve n bv a n ex tern a l 

motor mill ed sam ples weighing app rox ima tely 3 kg fo r 
20 min . T he ice sa mples we re chi pped in to sma ll pa rt icles 
approxim a tely 2 mm lo ng a nd 0.2 mm in d ia meter . Th e 
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sta inl ess-stee l vvalls of th e 34 1 volum e were kept a t ~30c C 

during o pera ti o n to minimise o utgassing . T he tota l 
deso rption of CO 2 was meas ured a nd fo und to be less 
th a n 0 .5 p,lh ~ I (STP) . 

Abo ut 80 f.l l (STP) of 14C_free CO was added to the 

ex trac ti on \'esse l before milling, as a ca rri er lor th e 
extrac ti on of I I'CO fro m the ice . After milling, the released 

air was ex trac ted with a molecula r sieve a t T = 70 K Jar 
45 min . Th e H 20 a nd CO 2 were removed in tra ps coo led 
with a dry -i ce~a lco h o l mixture and liquid nitrogen. Th e 
CO was ox idized to CO 2 by flu shing it ove r CuO a t 620°C. 
Air and CO 2 yields were meas ured wi th a n uncertainty o[ 

a bo ut J % using a capacita nce ma nometer. 

The CO 2 samples were converted in to graphite samples 
weighi ng a bout 20~50 f.lg a nd a na lyzed with the U trecht 
A~llS fac ility (Va n del' Borg and others, 1987 ). A mean 
con tamin a ti on-I e\'el \'a lue of 1.4 ± 0.5 pMC (percentage of 
modern ca rbon) was obtained fo r CO a nd CO2 samples of 

70~ 1 40pJ (Va n R oij en a nd oth ers, 1994) . 

RESUL TS AND INTERPRET A TION 

HC depth profiles 

T a bl e I d escribes the samples from co res 5, 6 a nd 15, the 
CO 2 yield a nd th e CO ca rri er used. The size of eac h ice 
sample is a bo ut 2.5 kg, a compromise between th e sampl e 
size a nd th e d epth resolution. T he C O 2 concentra ti ons 
obtained a re 14- 18 f.lg kg land a re shown in T a bl e l. Air 
ext rac ted Crom core 15 d ec reases from 106 ± Iml kg I a t 
10 m depth , to 93 ± Iml kg I a t Im d epth . T a ble 2 
summ a rises th e res ults or the I 'C a nalysis. Figures 2 a nd 3 
show th e IIC0 2 a nd I 'CO pro fil es (in atoms g I of ice ) \·s 
depth fo r th e 3 m cores 5 a nd 6, a nd Fig ure 4 for th e lO m 
core 15. 

The presence of I~ CO clea rl y indica tes in situ produc
tion of IIC . Th e ex ponenti al dec rease is accordin g to th e 
atte nua ti on length 0 (' cosmic rays in ice . The equ a ti on 
C(.1:) = Co cxp ( -xl i l) + Cl is fitted to th e I',CO da ta, 
where C(x) is the concentra ti on (ato msg I) as a fun cti on of 

depth x (cm ), A is the a ttenu a tion length of cosmic rays in 

ice (170 cm ), Co is the prod ucti on coeffi cien t (ato ms g I) 
a nd Cl is a consta nt (asympto tic) le\ 'el (a to msg I) (V a n 
R oij en a nd o th ers, 1994) . A simil ar fit is made to th e CO 2 

da la from which the coeffi ciellls Co' a nd Cl' are d eri\'ed . 
T a ble 3 shows th e results Ja r cores 5, 6 a nd 15. Also li sted 
is th e ra ti o Co'/Co, which represents th e 1"C02(I CO ra tio 

fo r in situ producti on. The deduced values of 3.5, 3.1 a nd 
4 .1 , res pec ti\ 'e ly, agree within erro r limit. Th e fit s a re 
draw n in Fig ures 2~4 to illustra te th e results. 

C learly the I 'CO consta nt leve l differs £I'om ze ro, whieh 
indi ca tes rh e presence of anoth er in situ componen t. Such a 

component is to be expec ted for 14 C02 as we ll. Ass uming 

a n eq ual ratio for in situ producti on of these components, 
th e in situ Il eo.) a t the consta nt le\'el is obtained from the 
I+CO \'alu e by <~pplyin g the deduced ra ti o. Subtrac tion or 
the in situ 14C02, thus ob tained , fi'om the constant-l evel 
1"C0 2 results in th e remaining na tura l HCOl . 

Calculation of ages, ablation and accull1ulation rates 

Th e deduced na tura l I 'C0 2 concentra ti ons a rc compa red 
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Table 1. l ee samples lIsed jor alla()'Sis 

Sa III/J le D e/J/It fl 'eiglzt 
o~ cm 
" 

c-05 /0 I 3- 27 1250 ± 14 
c-05/02 30- 95 2680 ± 30 
c-05 /04 95- 155 2450 ± 30 
c-05 /06 155- 224 2700 ± 30 

c-05 /08 228- 294 2620 ± 30 

c-06 /02 26- 70 2020 ± 20 
c-06 /04 74- 135 2540 ± 20 
c-06/09 236 303 2860 ± 20 
c-1 5/02 18- 83 2760 ± 20 
c-1 5/04 88- 152 2970 ± 20 

c-1 5/08 238 300 2710± 20 

c-1 5/14 442--499 2490 ± 20 
c-1 5/24/A 72 1- 793 1300 ± 30 
c-1 5/24/B 721 - 79 3 2380 ± 30 
c-1 5/32 944- 10 10 2940 ± 20 

with the 100 p~IC 10 1' modern CO 2 in ice (T a ble 2). Th e 
lie ages obtained are 10000 ± 3000E P (T a ble 3 ). Only 
th e decrease by radi oac ti ve decay ( lie ha lf-life of 5570 a ) 
is taken into account in this calcu la tion. Th e ages 

ob ta in ed in thi s "I~ ay do not d epend 0 11 the efIicienc), of 
dry ex traction oC ill si tu prod ucts, as the co rrect ion takes 
thi s in to acco unt (Va n R oijen a nd others, 1994) . 

For a constant ab la ti on rate Co = PO/(A + a/ l1 ) (La l 
and others. 1990 ), where Po is the production ra te o r the 

I · . IIC' 1 11' ( I I) . tota Il1 situ . In t le a) a lIon zone atoms g a ,a IS 
th e ab la ti on rate (cma I), and A is th e deca y consta nt 
(A = I. 25x l0 +a I) . U sing th e tota l prod ucti on ra te 

Table 2. Ileo and IIe02 CO Ill'mtratiollS i71 Alltarl'tie ire 

I+CO 

Sample ['tC- . \ ·r .* Ac/il'it/ COl7c. + 
p'\lC atoms g 

c-05 /0 1 3220 5.0 ± 0.8 92 ± 15 

c-05 /02 2868 26.3 ± 1.3 192 ± 11 

c-05 /04 2990 17.7±1.3 154 ± 12 
c-05 /06 2998 14.3 ± 0.9 129 ± 8 
c-05 /08 2992 12. I ± 1. 2 11 2 ± 11 
c-06 /02 30 17 1'1-.6 ± 1.4 171 ± 16 
c-06 /04 323 1 11.+ ± 0.9 109 ± 9 

c-06 /09 30 11 7.5 ± 0.9 64 ± 8 
c-1 5/02 3020 19.3±1.3 153 ± I I 
c -1 5 /0 '~ 3222 15.6± 1.1 11 7 ± 9 
c-1 5/08 3224 11.1 ± 0.7 92 ± 6 
c-15fl4 3227 6.5 ± 0.7 62 ± 7 
c-1 5/24/a 2939 3.4 ± 0.7 65 ± 13 

c-1 5/24/b 2941 4.2±0.7 51 ± 9 

c-1 5/32 3229 6.2 ± 0.7 54 ± 6 

r ail Roijel/ and otllCls: I ~/C measuremen ts 011 . i ll/arctic ice 

CO 2 jield co~ (ollret7twtioll CO (arFie! 
{lgC f.1g kg 

I 
f.1gC 

17 .7±0.2 14.2 ± 0.2 39 ± I 
40 ± I 1+.9 ± 0.4 33 ± I 
34 ± I 13.9 ± 0.4 36 ± I 
40 ± I 1+.8 ± 0.4 4 1 ± I 

39 ± I 1+.9 ± 0.+ 4 1 ± 1 
32 ± I 15 .8 ± 0.5 40 ± I 

38 .9 ± 0 .+ 15.3 ± 0.2 4 1 ± I 
+4 ± I 15 .+±0.4 +1 ± 1 
+2 ± 1 15.2 ± 0.'1· 37 ± 1 

+8. 1 ±0.5 16.2 ± 0 .2 39 ± I 
+9.3 ± 0 .5 18. 2 ± 0.2 38 ± I 

+4.8 ± 0.5 18 .0 ± 0.2 40 ± I 
22 ± I 16.9 ± 0.9 +2 ± I 
·],0 ± 1 16.8 ± 0.5 49 ± I 

52. 1 ± 0 .5 17.7±0.2 +3 ± 1 

Po = 45 atOlllsg I a I (La l and o th ers. 1990 ) I()r S c h a rl~ 
fe nbergbo tncn, the ab lation rates calculatcd are a bout 
10cl11 a I (T ab lc 3). 

Th c ratio of the tota l in situ IIC an cl the natural 

component as round in t ilt' asymptot ic "a lu es of th e ice in 
the ab la ti on region may still be equal to the ratio in the 
region of origin , as th e dc-cay c10cs not afrec t th e ratio. \\'c 
calc ul a te thi s ra ti o R for th e three cores [Table 3 ). \\ 'e use 
this I'a lue to obta in th e acc ulllulat ion rate .5 in the 
rela ti on R = 0.176 Po/ s, where.5 CI11I1. e. a I) is th e 
acc umul a ti on ra te. and Po (atomsg I a I) is th e produc
ti on ra te ori n situ I IC in the acc ulllulat ion zone (La l and 

I ;C0
2 

['t(;- . \ F. 
. 

.-1ctil'itl't C Oli!'. t (;oll r-"lOO .. fl 

p'\lC ato lllS g atoms g I 

32 19 H3± 3 1200 ± 30 840 ± 30 
2867 11+ ± 3 1000 ± ·to 880 ± 30 
2989 96 ± 3 790 ± +0 820 ± 30 
2997 83.8 ± 1.6 740 ± 20 880 ± 30 
299 1 8 1 ± 3 7]0 ± 30 880 ± 30 
30 16 83 ± 3 780 ± +0 9+0 ± 50 
3230 69.0 ± 1.3 626 ± 1 + 9 10 ± 20 
30 10 50. 1 ± 1.2 456 ± 15 9 10 ± 30 

30 18/30 19 91.+ ± 1.9 820 ± 30 900 ± 30 
322 1 75.+ ± 1.5 72+ ± 17 960 ± 20 
3223 .'i3.9 ± 1.2 580 ± 15 1080 ± 30 
3226 5+.8 ± 1 1 584 ± 1-1 1070 ± 30 
2938 42 ± I 420 ± 20 1000 ± 50 
29+0 42 ± I +20 ± 16 1000 ± 30 
3228 39.+ ± 1.1 4 13 ± 13 1050 ± 30 

Lahoratory code. lie acti\'ity in pe rcen tage modern ca rbon p]\[C I. 
IICO . or l'I C02 concen tra tion in ato msg I 

fj If CO 2 concentrat ion in atoll1sg I ice norlllaJizecllO 100p '\I C. Ice . 
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Van Roijen and others: /-IC measurements 011 Antarctic ice 
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Fig. 2. Result oJ lhe IIC if -measurements 0 core J. T he Fig. 4. Result oJ the 1'lC measurements of core 15. 
filled equation CoexjJ{- xjA ) + Cl is shown Jor I-tCO 

and I"C0 2 . jVoLe the low value ill t/ie IICO concenLratioll 
oJ the sll1jace samjJLe, which is not included ill the Jits. 

'0) 

(/) 

E 

800 

.8 600 
.'!!-
<lJ 
.52 
.~ 400 
c 
o 

"" ~ 
~ 200 
'-' c 
o 
U 

• 
Core 6 

o 

O +-~--.-~--.-~--r-~--r-~-'r-~-' 

o 50 100 150 200 250 300 

Depth (cm) 

Fig . 3. Result oJ the I+C measurements oJ core 6. 

ra tes \ 'arying from 45 to 85 ato msg I a Ican be deri ved. 
Calc ula ted acc umula tion ra tes [or cores 5, 6 and 15 arc 7 
20 cm w.e. a I for Po = 45 a toms g I a I (T a ble 3) . 

DISCUSSION 

Tull , 1990) . Likely acc umula tion zones are th e westerl y 

ice di vid es (alti tud e 1240 m), the Bremnesfl aket pl a teau 
(2000 m) or th e a rea in between, fo r which production 

Calcula ted ages are independ ent of th e I.IC extrac ti on 

effi ciency because the co rrec tion meth od used in this wo rk 

takes th e effi ciency into account (Va n R o ij en and o th ers, 
1994) . Calc ula ti on of the ages depends on the fi xed 
rela ti on between th e in situ production or I+C0 2 and th at 
or I"CO. The obta ined valu es of 3.5, 3. I and 4 . I agree 
wi rh a reported val ue of 6 ± 3 (R oess ler , 1988) . Th e ages 
obta ined a re supported by th e CO 2 concentra ti ons of the 

ice samples. Con centra tions of a bout 16 f.1.g kg I h a \'e been 
re port ed fo r Int erglacia ls wh ereas at g lacia l stages 
eo ncen trat ions we re onl y 10 p.g kg- I (V an d e vV a l a nd 
o th ers, 1994) . The CO 2 yields for cores 5, 6 and 15 show 
va lues of a bout 14- 18 p.g ktl, indicating a H olocene age . 
The almos t Pleistocene age fo r core 15 indica tes that any 

slow ox ida ti on of CO to CO2 in the long dura ti on 
between acc umula tion and a bla ti on is negli gibl e. Bu t 

142 

T able 3. Calculated HC concentrations (which result ji-om the JiL ), deduced ages and sw/ace mass-balance data . For 
comjJarison the ablalion rales obtailled ji-om sLake readings ( Niislulld, 1992) are added, For Lhe accumulalion raLes it is 
assumed that lhe altitude oJ ice JOrlnation is 1240 m a.s .l. 

Core 5 Core 6 Core 15 

C "I fCO " ( t ~ I , o a omsg ) 170 ± 30 170 ± 30 135 ± 14 
Cl " I+CO " (atomsg I) 74 ± 13 27 ± 12 55 ± 4 
Co ,, 14C0 2 " (atomsg I) 590 ± 100 530 ± 50 550 ± 130 
Cl ,,1+C0 2 " (a tomsg I) 550 ± 40 340 ± 20 450 ± 30 
Production ratio 14C0 2/I+CO 3.5 ± 0. 9 3.1 ± 0.6 4 .1 ± 1.1 
Correc ted 14C0 2 conc. (a toms g I) 290 ± 120 260 ±60 220 ± 80 
Age (ka ) 9 ± 3 10 ± 2 13 ± 3 
A bla tion ra te (cm a I) 10. 1 ± 1.4 10.9 ± 0. 9 11 ± 2 

Abla ti on ra te (cm a I) 10 13-16 13-16 
fro m stake readings 

R a tio I+C (in situ ) / 14C (na tura l) 1.1 ± 0. 5 0 .4 ± 0.2 1.2 ± 0. 7 
Accumula ti on rate (cm w.e. a I) 7 ± 3 20 ± 10 7 ± 4 
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e, 'en if ox id a ti on of Il eo occ urred , th e d eri ved ra ti o 
wo uld be too sm a ll a nd thi s wo uld res ult onl y in a n IInder
estima te of th e ages. 

T he ca lcul a ted ages indi cate th a t th e surface ice a t 

Scha rffenbergbotnen is rela ti" ely yo ung . From ice-flow 
consid era ti ons, "zero-age" ice is ex pected to be fo und on 
th e equilibriu m lin e be twee n acc umula ti on a nd a bl a ti on 
zones, a nd th e o ldes t ice is expec ted to be nea r the 

bo und a r:' fo rm ed b y th e t\\'o opposite fl ow regimes . Th e 

old es t ice is still ofH olocene age . Th e in creas ing age a long 

th e tra nsec t fo rm ed bv co res 5, 15 a nd 6 is no t 
co ntradi c ted by th e lie d a ta . 

Th e a bl a ti on ra tes obta ined a re in agreem ent with 
fi eld o bsen 'a tio l1s of a bout 10cm a I (N as lund , 1992 ). Tt 

has bee n pointed o ut th a t the ab la ti on rate is rela ted to 

the to ta l a mount of in situ lie in ice. A lth o ug h dry 

ex traction is kn own to be nea rl y 100% effi cient when 
appli ed to gases, its e ffi c iency w hen a p p li ed to in situ 
IIeo 2 a nd I le o is still unkn own. Th e simil a rit v of 

ablation rates p btained from fi eld o bse n 'a tio ns a nd from 

IIC meas uremen ts indica tes th a t in situ produ cts ha"e 

bee n extrac ted a lmos t comple tely . In fac t, I'C a bla tion 

ra tes tend to bc cven lower th a n th ose from fi eld 
observa ti ons, possibly due to th e 4 a a , 'e rage of th e sta ke 
readin gs, whi ch is shorter th a n th e 20 a period a " er age of 
the I-IC d a ta . Thi s sh ows tha t a precise d e termina ti on of 

th e extrac ti on effi ciency sho uld m a ke it possible to 

d e termine mean ablation ra tes. 
Although some loss of in situ HC fro m the firn cannot be 

rukd o u t, J ull a nd othe rs (1994) recen tl y repon ed on hi gh 
concen tra tions of lie in two Anta rcti c ice co res, a nd th eir 
d ata sup po rt the a pproxim a tely to ta l retent ion of in situ 

I+c. In our ca lculation of acc umula tion ra tes we ass ume 

to ta l reten tion. 
Th e calcul a ted acc umula ti on ra tes a re p ro porti ona l to 

th e produ c tion ra tes, ,,·hi ch in turn a rc a fun c ti o n of the 
a ltitude at th e ice orig in. Calcula tion of acc umul a ti on 

ra tcs req ui res kn owled ge of th e a l ti tude of th e a rea '\' he re 

th e ice was fo rm ed. T he calcula ted ages indi ca te a nea r/), ' 

orig in , since reported s urf~lce , 'eloc iti es in Scha rfIenberg
bo tn en a re onl v abo ut I m a I (jom;so n , 1992 ). Th e 
acc umul a ti on zone may be loca ted on th e wes te rl y ice 
di"i des (a ltitude 1240 m ). This view is supported by the 
a ir content da ta of cor e IS. U sing th e empirical rela ti on 

be t"'een tota l gas content a nd a ltitud e of th e a rea where 

th e ice is fo rm ed (R ay na ud a nd L ebel, 1979), a max imum 
al ti tude of 1900 m can be d eri ved ass uming a 100% gas
ex trac ti o n effi cienc\'. Th e o bta ined acc umula tion rates of 
approx im a tely 7- 20 cm " ·.e . a I a re in th e sa me ra nge as 

th e " a lue a t th e equilibrium line a nd a present-d ay va lu e 
I fo und 5 km from the " a ll ey, 20 cm " ·.e . a (jonsso n , 

1992 ). It " 'ould be , 'a lua ble to compa re th e informa ti on 
obtain ed a bout ages and a bl a ti o n a nd acc umulatio n ra tes 
with results obta ined with a n ice-no\\' mod e l. T his mod el 
should foc us on th e local fl ow a roun d Sch a rffenberg bo t
nen. or co urse, thi s " 'o uld mea n ex tensio n of th e 

meas urements to par ts of th e blue-ice a rea th a t have 

lower a bl ation ra tes a nd yo unge r ages . 

CONCLUSIONS 

It is shown th a t I '~C ages can be d etermined in surface ice 

r ail Roijen al1d olhers: Ne measuremellls 011 Alllarclic ice 

sa m p les using th e dry-ex tract ion meth od. HO" T,'er, th e 
co rrec ti on th a t has to be mad e fo r the in situ componen t 
in IIC 0 2 exceed s th e na tura l ,·a lu e. Thi s m ea ns 

sig nifi ca nt e r ro rs of abo ut 25% in th e fin a l ages. 

Calc ula ted ages are 10000 ± 3000 BP: th ese " a lu es a re 
sup ported by th e e 0 2 concentra ti ons of the ice samples 
a nci indi ca te th at mos t of th e surface ice of Scha rITen
bergbotn en is of H olocene age . The d ed uced a blation 

ra tes a re in agree ment " 'ith fi eld a /)sen 'a ti ons, indicat ing 

a n a lmos t com p le te ex trac ti on for in situ produced IIC. 

The d edu ced ages, a nd meas urements of th e a ir yield. 
suppo rt a nea rb y acc umul a ti on zo ne as th e a rea " 'he re 
th e ice was fo rm ed. The a rea is p res um a bl y a t the 
" 'es terh' ice di ,· id es . 
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