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LEAD 210 OR CLIMATIC CHANGES AT SOUTH POLE ? 

J. Sanak and G. Lambert 

Centre des Faibles Radioactivit•s, Laboratoire mixte CNRS-CEA 
91190, Gif-sur-Yvette, France 

Abstract. The 21øpb concentration has been 
measured in 92 adjacent firn samples collected 
at the South Pole along a 18 m depth profile. 
The decay analysis shows that significant chan- 
ges happened around 1920 and 1954 either in the 
accumulation rate or in the 21 0pb content of the 
new fallen snow. 

Introduction 

Using analyses based on the identification of 
seasonal or annual firn layers, as by variations 
in stable isotope ratios (Epstein et al., 1965), 
or differences in physical structure (Giovinetto 
et al., 1966), or by the presence of fission pro- 
ducts from specific nuclear explosions or test 
series (Crozaz et al., 1964 ; Lambert et al., 
1975) snow accumulation rates at the South Pole 
have been found to be between 6 and 8.5 cmwater 

per year for the interval 1955-1970. 
An alternate means of determining this accu- 

mulation rate, first proposed by Goldberg (1962) 
is to measure the exponential decay with depth 
of the concentration in the firn of the 20 year 
half-life 2•øPb, assuming, as a basic hypothesis 
that this concentration is invariant in new- 

fallen snow. This method has been applied by 
Crozaz et al., (!964) who determined the 2!0pb 
concentration of 8 discontinuous samples obtained 

and the absence of 210po in the chemical solu- 
tions used was verified. Possible contamination 

•2 f the sa•les (for instance, by atmospheric 2Rn or øPb) is unlikely owing to the extreme 
precautions taken, and confirmed by the trend of 
the results. The counting period used was that 
necessary to accumulate 400 counts and varied 
from a few days to 2 months depending on the 
depth of the sample. Counting errors (1 •) were 
thus generally 4-5 percent for most samples, but 
approached 8-9 percent for a few of the deepest, 
least active samples where only about 200 counts 
were registered in the 2 months maximum counting 
period. 

Results 

The measured 21øpb concentrations are plotted 
vs depth (in meters of water) in figure 1. The 
exponential curve drawn represents the best 
least squares fit to the data and correspond s to 
an overall mean accumulation rate of 10.5 ñ 2 cm 

water/year, significantly higher than the values 
cited earlier. If this accumulation rate is as- 

sumed to be constant• a date•can be assigned to 
the successive layers of firn and the initial 
concentration of •løPb computed for each sample 
at the time of its deposition. This has been 
done in figure 2 in which the five sample run- 

at the South Pole at depths between 0 and 8 meters ning mean of the computed initial concentration 
of Water, and computed a mean accumulation rate is also plotted. 
of 6ñ1 cm water per year for the interval 1850 - 
1963, in good agreement with the rates obtained 
using the first methods. 

In this work we present the results of a•lexpo- nential decay vs depth analysis based on øPb 
concentrations determined for 92 adjacent firn 
samples collected at the South Pole. 

Discussion 

It may be Seen in figure 2 that, contrary to 
the basic hypothesis of the 21øPb method of data- 
tion, the computed initial concentration of this 

Samp 1 ing 

In December 1974, 23 adjacent, 10 cm thick 
samples were taken from the wall of a freshly 
dug, 4.8 m deep pit, and additional 69 samples, 
each about 18 cm thick, taken from a 12.5 m core 
drilled out subsequently in the bottom of the 
pit. The samples were collected with extreme care, 
packed in individual plastic bags, and returned 
frozen to the laboratory. 

Experimental details 

The concentrations of 2•øpb were determined 

• measuring the activity of its decay product 
øPo, which is an e emitter (half-life 138 days, 

5.3 MeV). Details of the sample processing and 
apparatus are given elsewhere (Sanak, 1971). The 
background levels of the e spectrometers used 
were approximately 0.5 count per day in the peak 
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Fig.l. 21øpb concentration in the firn at the 
date of sampling vs depth. Accumulation rate : 
]0.5 cm water/year. 
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Fig. 2. Computed 21 0concentration in the firn 
at the date of the deposition of the snow vs 
depth assuming a mean accumulation rate of 
! 0.5 cm water/year. 

nuclide in the new fallen snow is not constant 
at all. 

This concentration varies considerably from 
sample to sample as previously observed by 
Lambert et al. (]97!). Such fluctuations could 
reflect the variations in the atmospheric circu- 
lation of the 210pb aerosols as well as the dif- 
ferences in the season deposition. A second 
point is that the running means vary with a 
depth constant of the order of ! meter (corres- 
ponding to about ]0 years). Because of these 
variations the coefficient of the exponential 
decay of 2{øPb vs depth cannot be computed With 
good accuracy for a core shorter than several 
meters. Finally the calculated mean concentra- 
tions show a long term variation, first decrea- 
sing from the surface to about ].5 meters depth, 
then increasing to about 6 meters depth and, 
finally decreasing to the bottom of the core at 
8.2! meters. 

On the basis of this information, it appears 
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Fig.3. 5 sample running means of the compu- 
ted 2•øPb concentration in the fresh snow vs 
depth assuming different possible accumula- 
tion rates : 6, 6.5, 7, 8.5, !0.5 and ]5 cm 
water/year. 
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Fig.4 21 0pb concentration in the snow at the 
date of sampling vs depth. Computed accumula- 
tion rates : 6, ]2.5 and 7 cm water/year. 

unlikely that the initial assumptions of a cons- 
tant rate of accumulation and constant initial 
•øPb concentration is correct. 

We have tentatively calculated the initial 
2• 0pb concentrations in the fresh snow by using 
our data and different possible accumulation 
rates assumed as constant. Figure 3 shows the 5 
sample running means of the concentration vs 
depth. Obviously the deepest samples are most 
affected by the accumulation rate choosen. It 
may be observed that an accumulation rate lower 
than 8 cm water/year would correspond to con- 
centrations as high as 4 dpm/kg which seems 
inconsistent with the highest values ever mea- 
sured in the superficial layers. 

A new point of view could result from the ob- 
servation of Fig.4 where the original data are 
plotted using semi-log coordinates. 

If the initial assumptions were correct, all 
the representative dashes should be situated 
along one mean straight line with a slope cor- 
responding to a mean accumulation rate of ]0.5 
cm water/year. In fact 3 different regions can 
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Fig.5. Computed 2•øPb concentration in the 
firn at the date of the deposition of the snow 
vs the date of the deposition assuming the 3 
different and successive mean accumulation 
rates. 
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be distinguished by their different slopes 
which correspond to the 3 long-t,erm variations 
of concentration already mentioned. The simplest 
interpretation suggests the existence of 3 dif- 
ferent regimes of accumulation : 
- from the surface to 1.74 m depth the slope is 
consistent with an accumulation rate of the or- 
der of 6 cm water/year, but this determination 
is very inaccurate owing to the small thickness 
of the layer considered and a marked fluctuation 
of concentration observed. The rate of 8.5 cm 

water/year published by Lambert et al. (1975) 
for samples collected at the same place and time, 
on the basis of the fission products distribu- 
tion, should be acceptable here and is probably 
a better evaluation, 
- from ].74 to 5.94 m depth, and then 
- from this level to 8.2] m depth, the slopes 
are consistent respectively to accumulation rates 
of ]2.5 and 7 cm water/year. 

Figure 5 shows the initial concentrations of 
21 0pb in the new fallen snow calculated by using 
these 3 different accumulation rates. As expec- 
ted, the long-term Variation of concentration is 
no longer seen. 

Conclusion 

There is no reason for assuming invariant the 
initial 21øPb concentration in the fresh snow 
more than the accumulation rate. Thus the strong 
change of this rate suggested here is far from 
being considered as established. But, in any case, 
it is clear that something has changed at the 
South Pole between the levels 1.7 and 6 meters 

water, i.e. from 1954 to a year close to 1920 : 
the accumulation of the snow or its concentration 
in trace elements or more probably both. 

It seems worthwhile to observe that Giovinetto 

and Schwerdtfeger (1966) have found a maximum 
of the accumulation rate precisely during this 
period, even though their figures are apprecia- 
bly lower than ours. 
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