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Abstract

The 2°Pb dating method was applied to ice core samples which were collected from the top of an
ice dome called Héghetta in northern Spitsbergen by the Japanese Arctic Glaciological Expedition
1887. The ¥°Ph activity was found to decrease exponentially with depth from surface to about 10 m
depth. The activity of 2°Pb below 10 m depth were nearly constant. The accumulation rate of the
ice core, averaged over 10 m depth, was estimated as 184 cm-ice/yr. This value shows good
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agreement with the average accumulation rate obtained by different method.

1. Introduction

In 1987, the Japanese Arctic Glaciological Expedi-
tion (JAGE) made the successful ice core drilling at
the top of the Hgghetta ice dome (79°17'N, 16°50’E,
1200 m a.s.l.) in northern Spitsbergen {Watanabe and
Fujii, 1988). They obtained complete ice core sam-
ples down to the bedrock at 85.61 m depth. 7In-situ
measurement of pH and EC (Kamivama et al., 1989),
observation of air bubbles (Kameda et al., 1989) and
sand particles (Fujii ef al, 1990) had already been
performed and clarified about palecenvironment of
northen Spitsbergen. Fujii ef al. (1990) also estimat-
ed an average accumulation rate of the ice sheet, 20
cm-ice/yr, from H content in the surface 3 m of the
core samples. However, it is not yet performed radi-
ochemical dating about the samples. In this paper we
present the results of the analysis of #°Pb in the ice
core from the Hgghetta ice dome and determine its
average acuumulation rate by using the #°Pb dating
method.

A natural radionuclide, **Pb (half-life 22.3 yrS) is
a member of the #¥U series. The brief decay scheme
after **Ra is cited together with the half-lives of
daughter nuclides as follows :

" Raqgmm Rz short lived nuclides——

%Pz "Biggig> " PO " Fbistable)

Radon-222 which is produced by the decay of **Ra in
soil migrates toward the earth’s surface and escapes
into the atmosphere. Then the **Rn decays out with
a ralatively short lifetime and produces #°Pb in the
atmosphere. The #*Pb and its daughter nuclides are
isotopes of metals having low vapor pressures at room
tenperature and, thus, exist as a solid form aerosols in
the atmosphere. These aerosols containing *°Pb are
removed from the atmosphere by wet or dry deposi-
tion and deposit earth’s surface includes the Hgghetta
ice dome in the Arctic region. The activity of the
Z'Ph then decreases as a function of time at a rate
controlled by its half-life. This phenomenon permits
age determinations of snow and ice deposited within
the 100 years or so (Crozaz ef al., 1964 ; Crozaz and
Langway, 1966 ; Picciotto ef al., 1971).

2. Analytical method

The detailed sampling method have already been
described elsewhere (Watanabe and Fujii, 1988 ; Fujii
et al., 1990). The ice core samples were transported to
Japan and stored in a cold temperature room of the
National Institute of Polar Research until analysis.

Thirteen samples were picked up from top to 65.
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Table 1 .Results of #*°Ph analysis in the ice core samples from the H& ghetta ice

dome, northern Spitsbergen

Sample Depth (m)  Weight(kg) Chemical vield(%)  *°Pb (dpm/ke)*
SV-1 0.00-0.20 1.13 86 6.621+0.14
Sv-2 2.22-2.72 1.12 86 4.65%+0.08
SvV-3 5.17-5.56 0.87 82 4.30%£0.11
SV-4 7.03-7.34 0.94 86 4.05%£0.15
SV-5 9.88-10.32 1.20 84 3.29+£0.07
SV-6 11.99-12.37 1.26 86 2.95+0.07
Sv-7 14.97-15.30 0.950 83 3.36+0.10
Sv-8 16.46-16.76 0.86 84 3.17:0.08
Sv-9 19.72-20.06 1.1l 82 | 3.21£0.06
SV-10 35.90-36.40 0.94 81 3.35%+0.28
SV-11 45.60-46.02 .92 82 3.17+0.10
Sv-i2 54.59-55.20 1.00 87 2.85+0.09
SV-13 64.92-65.43 0.96 85 2.65+0.10

* The error denotes 1 ovalue derived from the counting statistics.

4 m depth of the core and removed contamination
during the drilling by cutting the outer 0.5 cm of each
block. The depth and weight of each samples are
shown in Table 1. We have measured the °Pb
through @-activity of #°Po, The method described
here is similar to that of Harada and Tsunogai (1985)
but includes minor modifications.

The sample was melted in a glass beaker by using
microwave oven and acidified with 20 ml of conc.
HNO;. Then 10 mg of Pb, as a Ph{CH,CO0),-3H..0
solution, and 1.5 g of CaCl, carriers were added to the
sample solution, and it was stirred vigorously., After
6 hours or more, Pb and Po were coprecipitated with
CaCQ; by adding 25 ml of conc. NH,OH and 2.5 g of
Na,CO; dissolved in water, and stood overnight.

The precipitate was filtered and dissolved with 0.
5M HClL. The solution was transferred into a 100-ml
Teflon beaker with 1 ml of 209 NH,OH-HCI and the
initial **Po in the sample was removed by electro-
plating onto the silver disc at 80 °C for more than 3
hours. The remaining solution was diluted to exactly
50 ml of 2 M HCl solution. Chemical yield of Pb was
determined from 1 ml aliquot of this solution by the
atomic absorption spectrophotometry. Then an ap-
proximately 10 dpm of **Po tracer was added to the
solution and stored for more than 3 months.

Polonium-210 produced from #°Ph during storage
and *Po from tracer were electroplated onto silver
disc by the procedure described above. The a-activ-
ities emitted from each nuclides were measured more
than 1000 counts by a & specirometer consisting of
silicon surface-barrier detectors and a multichannel
pulse-height analyzer. Reagent blank was measured
by the same procedure as the sample and subtracted

from the activity of the sample. The concentration
of **Pb was calculated from the **Po/?**Po activity
ratio.

3. Results and discussion

The concentrations of ?°Pb {dpm/kg) in the ice
core samples and the chemical yield of Pb are shown
in Table 1. The error denotes 1¢ value derived from
the counting statistics. The concentrations measured
have been taken to represent the middle of the depth
interval covered by each sample.

The concentration of 2°Pb at the top of the ice
core was 6.62+0.14 dpm/kg. This value decreases
with depth to 3.29+0.07 dpm/kg at the fifth layer (9.88
-10.32 m). The average concentration from 0 mto 12.
37 m was calculated to be 4.31+0.04 dpm/kg. This
value is somewhat larger than the concentration of
#Ph, 2.9+0.5 dpm/kg, at the top (0—12 m) of the ice
core which was collected from the Camp Century,
Greenland in 1961 (Crozaz and Langway, 1966).
Although we cannot make clear this defference at the
presert, this may be due to the temporal and spatial
variations of atmospheric deposition rates of 2°Pb and
the defference of geographical feature between the
two stations. The concentration of #°Ph in rainwater
at the United Kingdom varied from 1.4 to 9.3 dpm/kg
(average 5.0 dpm/kg) (Burton and Stewart, 1960).
Turekian ef al. (1983) also reported that the concen-
tration of **Pb in the total deposition at New Haven,
USA was 1.8—17.1 dpm/kg (average 9.5 dpm/kg).
The concentration of 2°Pb at the top of the core which
obtained in this study lies in these range.

The concentrations of #°Ph below 10 m depth
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were nearly constant and the average concentration
for 9 data under the fifth layer were 3.1110.04 dpm/
kg. Although it is not possible to determine the
source of these #°Pb at the present, one possible
explanation is the #°Pb will be supported from its
parent nuclide in the mineral particle which is con-
tained in the ice core. At any rate, if we consider the
average concentration, 3.11+0.04 dpm/kg, is back-
ground value for #°Pb in the ice core, the concentra-
tions of 2®Pb which originates in atmosphere
(3**Pbunsupportea) are calculated by subtracting this
average from upper 4 data.

The time elapsed since deposition of a sample at
a depth z below the surface can be calculated from its
activity of 2Pbunsupportea, Provided that the initial
activity of this nuclide has remained constant :

Az :Ao -e‘“,
where

A : activity of ?*Pbuyasupportea at depth z,
A, : activity of #*Pbuasuppories at the surface (z=0),
A : decay constant of 2°Pb (3.11x 10 %yr™%), and
t : age of the sample.
When the rate of annual water accumulation is con-
stant such that a=z/¢, where ¢ is the annual rate of
accumulation, then :

InA;=—2z-1/a+1nA,.

This is the equation of a straight line in coordinates of
InA, and z whose slope is —1/a and whose intercept
on the ordinate axis is InA;. Thus the accumulation
rate a can be calculated from the slope (Crozaz ef al.,
1964 ; Crozaz and Langway, 1966 ; Picciotto ef al,
1971).

Plot of the natural logarithm of ?*Pbuynsupportea
activity in the samples versus depth are shown in Fig.
1. The straight line in the figure is obtained by the
least-square method. As the correlation coefficient
of this straight line is 0.90, we can consider the
20Ph L nsuppertea decay exponentially with depth from
surface to about 10 m depth. The average accumula-
tion rate over 10 m depth, 18+4 cm-ice/vr, is deter-
mined from the slope of this line, —0.17+0.04. This
accumulation rate well agrees with the value, 20 cm
~ice/yr, which is estimated by *H content in the core
samples (Fujii et al., 1990).

The radiochemical approach by using #°Pb is

particularly useful to determine ice accumulation
rates without personal interpretation. Detailed anal-
ysis of ?°Pb with sampling at short intervals of depth
and over wide areas will provide us useful information
for estimating paleoclimatic condition of the earth.
Furthermore, if we measure other long-lived radio-
isotopes in ice core samples, average accumulation
rate over long period will be available,
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Fig. 1. Plot of the natural logarithm of ®*Pbypsupportea activity
versus depth. The straight line in the figure is obtained by
the least-square method. The horizontal bars and the verti-
cal bars indicate the depth interval and the counting error,
respectively,
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