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A dry extraction method was used to obtain trapped CO, of 2-5 kg ice samples from a blue ice zone in East Antarctica. In situ 
produced 14C was also extracted in 14C0, and 14C0 concentrations at a ratio of 3.4 f 0.9. Correction of trapped 14C0, from in situ 
resulted in ice dates in the range 5-15 ka. The realistic rates for accumulation and ablation of ice indicate about total efficiency of 
extraction. 

1. Introduction 2. Ice sampling 

Dating of ice provides information about parame- 
ters which can be used in hydrodynamical models of 
ice flow. Contrary to methods which count annual 
varying parameters, such as, for example, dust layers, 
or 6180 profiles, 14C-dating can provide an absolute 
date and does not depend on the observability of 
layers. In particular, this may be useful for ice in 
ablation zones. 

In regions where ice has been formed by sintering 
of snow the air trapped in the ice contains CO, of 
contemporary composition [l]. Fixation of the CO, in 
the ice provides age information which can be obtained 
from the residual 14C activity of the CO,. However, 
there is another source of i4C in ice which is known as 
in situ production by cosmic rays. After the procution 
of 14C in a spallation reaction with oxygen, as the 14C 
atom slows down it becomes oxidized to 14C0 or 14C0,, 
possibly at a constant ratio [2]. In the case where a 
constant ratio of concentrations is observed for an ice 
region a correction for the in situ produced i4C0, in 
the trapped air component can be made for the mea- 
sured 14C0 and thus will enable dating of ice. The dry 
extraction method [3] would give minimal contamina- 
tion and could well be utilized with the small sample 
size required for AMS [4-61. 

In this report we investigate the influence of in situ 
production of 14C in ice cores from a blue ice zone in 
East Antarctica. 

* Corresponding author. Tel.+31 30 531656, fax+31 30 
5 18689. 

Surface ice cores, ranging in depth from 3 to 10 m, 
were drilled in a blue ice zone in Western Dronning 
Maud Land, East Antarctica. This blue ice zone is 
located at Scharffenbergbotnen, a cirque-like basin on 
the downstream side of the Heimefrontfjella nunataks. 
Ice enters the valley, where it crops out and is sub- 
jected to ablation 171. Fig. 1 shows the schematic flow 
pattern. Samples of core 5 and core 15 were used in 
this investigation. Core 5 is located in the centre of the 
blue ice area and core 15 is about 1 km downstream 
close to the headwall. No drilling fluids were used and 
the ice samples were immediately sealed in polyethy- 
lene after drilling. The ice cores were kept below 
- 12°C during transport by sledge, boat and truck. 
Before preparation of the ice about 1 cm of the outer 
parts of the cores were removed. 

3. Method 

An extended dry extraction setup was used to mill 
samples of 11 cm diameter and 70 cm length. The 
stainless steel walls of the 35 1 volume were specially 
treated and were kept at -30°C during operation to 
minimize outgassing. Rotating razor blades, driven by 
an external motor by means of a specially developed 
feedthrough, operated under vacuum conditions. About 
5 kg ice was chipped into milligram pieces in a period 
of 20 min. Desorption of CO, was checked to be less 
than 0.8 yl/h (STP). 

An amount of 14C-free CO, about 80 ul (STP), was 
added in advance to serve as a carrier for extraction of 
14C0 from the ice. Also, about 10 ml (STP) purified 
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cosmic radiation 
ablation zone 

Fig. 1. A schematic view of the ice flow at Scharffenbergbotnen where the flow is blocked and old ice crops out. The locations of 
core 5 and core 15 are indicated. 

argon was added to facilitate the extraction. The mix- tally. The collected CO was combusted over CuO at 
ture including the released air was extracted from the 620°C for 20 min. The recovery of CO was about 50% 
ice machine with a molecular sieve in 45 min. The which was found to result from incomplete combus- 
H,O and the CO, were trapped with a dry ice/ alcohol tion. 
mixture and liquid nitrogen, repectively. The air and The collected CO, was converted into about 20-50 
the CO, measurements were performed volumetri- kg graphite samples in a reduction process in an excess 

Table 1 
Ice samples used for analysis 

Sample Depth Weight CO, yield CO, cont. CO carrier 
hnl kl [Kg carbon] [pm-h1 [kg carbon] 

c-5/02 30-95 2680 f 30 40*1 280 f 30 33+1 
c-5/04 95-155 2450 f 30 34+1 300*30 36+1 
c-5/08 228-294 2620 + 30 39+1 280 f 30 41+ 1 
c-15/25/A 721-793 1300 + 30 22+1 250+30 42*1 
c-15/25/B 721-793 2380 f 30 40+1 270 + 30 49&l 

Table 2 
14C02 and 14C0 concentrations in Antarctic ice 

Sample 

c-5/02 
c-5/04 
c-5/08 
c-15/25/A 
c-15/25/B 

a Laboratory code. 
b 14C activity in percentage modern carbon (pMC). 
’ 14C0 or 14C0, concentration in at/g ice. 
d 14C0, concentration in at/g ice normalized to 100 pMC. 

14co 

utc a 
no. 

2868 
2990 
2992 
2939 
2941 

Activity b Cont. ’ 
[PMCI [at/al 
26.3 k 1.3 192+11 
17.7+ 1.3 154+ 12 
12.1 f 1.2 112+ 11 

3.4 + 0.7 65+13 
4.2 + 0.7 51* 9 

14c02 

utc = 
no. 

2867 
2989 
2991 
2938 
2940 

Activity b Cont. ’ Cone “100” d 
[PMCI [at/g1 [at/g1 
114*3 1000+40 880 f 30 
96+3 790 + 40 820 f 40 
81*3 710*30 880 * 30 
42&l 420 + 20 1000*50 
42+1 420 f 16 1000 f 30 
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of hydrogen with iron as a catalyst IS]. These samples 
were r4C analysed with the Utrecht AMS facility 181. 
Blanks and standards of comparable size were used for 
calibration. 

The background of the dry extraction method was 
simulated 161 by recovery of an amount of r4C-free CO, 
from the milling device. A mixture of CO,/ Ar was 
taken which was comparable in size and composition to 
the CO,/air mixture obtained from ice samples. An 
ice sample was also loaded to maintain current vacuum 
conditions. Following similar procedures the back- 
ground was tested for CO. A mean background value 
of 1.4 f 0.5 pMC (percentage modern carbon) was 
obtained for CO, and CO samples of 70-140 ~1 (STP). 
Other tests revealed no significant cross contamination 
between CO, and CO of either modern or “4C-free 
composition. 

4. Results 

Table 1 shows the samples used from core 5 and 
core 15, the CO, yield obtained from dry extraction, 
and the CO carrier used. The values for the deduced 
CO, concentrations reproduce well and suggest a slight 
difference between samples from core 5 and core 15. 
Table 2 lists the results of the 14C analysis. The CO, 
concentrations obtained with the dry extraction method 
agree with expected values [9]. The uncertainties are 
too large to distinguish between Holocene and Pleis- 
tocene ice. Nevertheless, the values indicate the ab- 
sence of a melting effect which would cause high CO, 
concentrations [lo]. The presence of 14C0 in all the 
samples, also around 7 m, indicates the contribution of 
in situ production. 

Fig. 2 shows the profiles of 14COz and 14C0 versus 
depth. The data for both profiles of core 5 show an 
exponential decrease above a constant level which 
agrees with the in situ production for an ablation 
region as indicated by La1 et al. 121. The data show the 
relation C(n) = C, exp(-x/A), where C(X) is the con- 
centration (at/g) as a function of depth x (cm), A is 
the attenuation length in ice (170 cm) and Co is the 
concentration (at/g) at the ice surface. The equal 
attenuation length in both profiles indicates the ab- 
sence of aging in the 14C0, profile (and hence less 
trapped “C0 ) versus depth. The fit of this function to 
the data of 1% CO, and t4C0 for core 5 yields surface 
concentrations of 14C0, and 14C0 of 570 & 100 and 
170 * 30 at/g, respectively. The sum of these values 
represents with 740 & 100 at/g the total r4C in situ 
production in the ablation region. The asymptotic vai- 
ues of 570 k 50 and 75 + 16 at/g for 14C02 and 14C0 
are presumably residual concentrations from the accu- 
mulation region. The data for core 15 at about 7 m 

0; , , , , ( , ( . ( 
0  2co 400 600 600 ,000 

Depth [cm1 

Fig. 2. 14C0, and 14C0 con~ntrations measured in core 5 
and core 15. The lines represent fits to the data of core 5 with 
C(x)= Co exp(- x/170)+ Cl. At about 7 m depth the data 

are from core 15. 

depth, which are also shown in Fig. 2, show lower 
values. 

5. Discussion 

For a constant ablation rate La1 et al. showed [2] for 
the 14C concentration C(X) the relation C(x) = Pa /(A 
+ a/A) exp(-x/A), where P,, is the 14C production 
rate (at/gyr-‘>, CI the ablation rate (cm/yr), A the 
attenuation length (A = 170 cm), and A the decay 
constant of t4C (h = 1.25 x 10V4 yr-‘1. Using the 14C 
production rate PO= 45 at/gyr-’ at the 1200 m as1 
altitude [Z] for Scharffenbergbotnen we calculate from 
the total 14C concentration measured an ablation rate 
a = 10.3 rt 1.4 cm/yr. This ablation rate agrees well 
with the value of 10 cm/yr obtained from stake read- 
ings [7], indicating about total efficiency of the dry 
extraction. 

The asymptotic value obtained for 14C0, probably 
reflects the sum of both the trapped CO, and the 
r4C0, produced from the accumulation region. The 
non-zero asymptotic value for “C0 is then ascribed to 
in situ production only. We estimate the trapped 14C0 
from atmospheric origin [ll] to be at most 2 at/g ice, 
which is negligible. Since the trapped and the in situ 
component will be subject to equal decay rates we are 
able to correct the trapped CO, from the in situ 
production. Assuming an equal and constant produc- 
tion ratio in the accumulation region as we obtain for 
the ablation region (3.4 i 0.9) we determine the in situ 
14C02 in the asymptotic value using the 14C0 level. 
Subtraction of this in situ production gives the trapped 
14C02 concentrations for core 5 and core 15 which 
amount to 320 it 140 and 230 f 70 at/g, respectively. 
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Conversion to pMC values using Table 2 results in 
31+ 14 and 23 f 7 pMC, corresponding to 14C ages of 
8 k 3 and 12 k 3 ka. 

The ratio (R) of the trapped natural component 
and the in situ component as found in the asymptotic 
values of the ice in the ablation region is still equal to 
that in the accumulation region as the decay does not 
affect this. We find R = 1.1 k 0.5 both for core 5 and 
core 15. We use this value to obtain the accumulation 
rate s in the relation derived by La1 and Jull [12] with 
s = 0.176 P,/R, with P, (at/gyr-‘) the production 
rate, and s (cmweq/yr) the accumulation rate. The 
nearby located plateau Amundsenisen is likely the ac- 
cumulation region with an altitude of 2000 m asl, so we 
use PO = 85 at/gyr-’ and obtain s = 14 + 6 cm weq/ yr 
for the accumulation rate, which is good agreement 
with the 10 cmweq/yr from field observations [14]. 

The ratio (3.4 k 0.9) we obtain in core 5 for in situ 
production of 14C0, and 14C0 is about five times 
larger than found by La1 et al. [2]. Although the data 
are limited they show a constant ratio, contrary to 
observations of La1 et al. [13]. An explanation may be 
the different extraction methods used. Although the 
mechanism for dry extraction of in situ produced 14C is 
still not well understood the agreement of the deduced 
ablation rate and the accumulation rate with field 
observations indicates about total efficiency. Assuming 
the equal ratio applies to the accumulation region, the 
deduced ages of core 5 and core 15, however, do not 
depend on the efficiency of dry extraction of in situ 
products, as the correction takes this into account. 

6. Conclusions 

The measured 14C0, and 14C0 profiles show an 
exponential dependence versus depth as expected for 
an ablation region. The presence of 14C0 in all the ice 
samples indicates the presence of in situ production 
which partly originates from the accumulation region. 
The measured profiles in the ablation region indicate a 
constant ratio of production rates of 14C0, and 14C0 
with a value of 3.4 f 0.9, which is about five times 
higher than found elsewhere. Assuming an equal and 
constant ratio in the accumulation region the presence 
of 14C0 is used to correct for in situ produced 14C02. 
The ages found for core 5 and core 15 are 8 + 3 and 
12 + 3 ka, respectively. The deduced accumulation rate 

s = 14 * 6 cmweq/yr and the ablation rate a = 10.3 k 
1.4 cm/yr are in good agreement with field observa- 
tions, indicating about total efficiency of the dry extrac- 
tion method. 
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