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Uranium-238 decay-series nuclides dissolved in antarctic ice
samples were measured. Ice from the Allan Hills, Cul de Sac
site, a site that has a high concentration of fine volcanic glass
shards, has high radium-226, thorium-230, and uranium-234
activities but low uranium-238 activities compared to antarctic
ice samples without volcanic shards. The radium-226, thori-
um-230, and uranium-234 excesses are in proportion to the
shard content. The uranium-238 decay-series results are consis-
tent with the idea that alpha decay products recoiled into the ice
from the fine shards. Using this type of dating, I determined
that the age of the Cul de Sac ice is 220,000 years (with an error
range from +30,000 to -20,000 years).

It is very interesting to date old polar ice. Greenland ice cores
have been dated stratigraphically by counting the annual oxy-
gen-18/oxygen-16 layers back approximately 10,000 years
(Dansgaard et al. 1982).

In our studies of the gas in antarctic ice, variable amounts of
radon-222 (3.8-day half-life) were observed. The radon-222 cor-
related with the dust content of the ice (Fireman and Norris
1982-a, 1982-b). Because radon-222 is the daughter of radi-
um-226 (1,720-year half-life), the radon-222 results indicated
that significant amounts of radium-226 were dissolved in dusty
ice. Radium-226 is the end member of the decay chain:

Uranium-238 (4.5 x 10 9 year half-life) alpha particle

Thorium-234 (24-day half-life) two beta particles Uranium-234
(250 x 103 year half-life) alpha particle Thorium 230 (75 x 10
year half-life) alpha particle radium-226.

We therefore began investigating uranium-series dating ice.
Old ages (up to 600,000 years) have been estimated (Whillans

and Cassidy 1983) for Allan Hills ice, where meteorites with
terrestrial ages that range from 11,000 years (Fireman 1980) to
700,000 years (Nishiizumi et al. 1981) have been recovered.
Nishiizumi et al. (1983) measured the beryllium-10/chlorine-36
ratios in ice from the Allan Hills and Yamato sites and conclude:
"Probably the Yamato ice is about 400,000 years younger than
the Allan Hills ice."

Our radon-222 results indicate that uranium-series dating
requires dusty ice samples. According to W.A. Cassidy, dust
bands are visible in Allan Hills ice and are relatively easy to find.
The dust has been optically examined and found to consist
essentially of fine volcanic glass shards. W.A. Cassidy collected
Allan Hills ice samples with visible dust bands for this study.
We also had clear Allan Hills and Byrd core ice samples.

The determination of uranium, thorium, and radium requires
procedures that minimize adsorption losses to and dissolution
gains from surfaces. We accomplish this by controlling the acid
balance of the meltwater.

The filtered water is sealed to an extraction system and
purged of atmospheric radon with purified helium. After sever-
al days, the radon-222, the daughter of radium-226, is swept out
by another helium purge and counted. After the radium-226 is

determined by a series of radon-222 measurements, ura-
nium-232 and thorium-228 carriers are dissolved in the water.

The water is evaporated to approximately a 50-milliliter vol-
ume and the uranium and thorium are solvent-extracted, pu-
rified, and electroplated. The uranium-234, uranium-238, thor-
iuth-230, and thorium-232 alpha activities are then counted
with low-level surface barrier detectors.

Table 1 gives the excess dissolved radium-226, thorium-230,
and uranium-234 activities in two dusty Cul de Sac ice samples.
In the dusty ice, the radium-226, thorium-230, and uranium-234
activities are higher than the uranium-238; in clear ice the radi-
um-226, thorium-230, and uranium-234 activities are identical
to the uranium-238. There are similar amounts of uranium-238
(0.005 to 0.009 decays per minute per kilogram) in all ice
samples.

The large quantities of dissolved radium-226, thorium-230,
and uranium-234 in relation to uranium-238 in the Cul de Sac ice
can be interpreted on the basis of alpha decay products recoiling
into ice from the fine shards. The volcanic shards are deposited
on snow, become incorporated into ice, and move with the ice to
the Allan Hills site. The shards probably contain several parts
per million of uranium in equilibrium with its daughters. Near
the surface of the shards, the decay products recoil into the ice
as illustrated in the figure. During the passage of time, the
daughters of uranium-238 grow in the ice, and the activity ratios
change with age in a calculable manner summarized in table 2.
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Glass shard imbedded in ice. ("cm" denotes "centimeter." 112Th"
denotes "thorium-234." 11230Th" denotes "thorium-230." 112 Li" de-
notes "uranium-234." " 6Ra" denotes "radium-226.")

If the measured average radium-226/uranium-234 activity
ratio of 3.21 ± 0.23 is compared to the calculated values, an ag
of 220,000 years (with an error range from + 30,000 to - 20,00
years) is obtained for the ice. The measured average radi-f
um-226/thorium-230 ratio of 1.42 ± 0.15 corresponds to an ag
of 250,000 years (with an error range from + 100,000 to - 60,00
years), which is consistent with the radium-226/uranium-23
age.
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Table 1. Radium-226, thorium-230, and uranium-234 activity excesses in the Cul de Sac ice samplesa

Dust (grams)

Ice (kilograms)

Radium-226-
uranium-238

(indecays per minute
per kilogram)

Thorium-230-
uranium-238

(indecays per minute
per kilogram)

Uranium-234-
uranium-238

(indecays per minute
per kilogram)

Radium-236 excess	Radium-226 excess

Thorium-230 excess	Uranium-234 excess

0.30
	

0.192±0.008
	

0.134±0.020
	

0.056±0.004
	

1.43±0.22
	

3.42±0.28
0.15
	

0.100±0.008
	

0.071 ±0.007
	

0.036±0.004
	

1.41±0.18
	

2.78±0.39

a The errors are one standard deviation.

Table 2. Calculated activity ratiosa versus age

Age
	 Radium-226 activity

	 Radium-226 activity

(in years)
	

Uranium-234 activity
	 Thorium-230 activity

0
	

147.4
	

44.4
50,000
	

9.5
	

3.10
100,000
	

5.5
	

2.04
150,000
	

4.4
	

1.70
200,000
	

3.5
	

1.53
250,000
	

3.0
	 1.42

300,000
	

2.7
	

1.35
350,000
	

2.5
	

1.28

I Inside the shards, uranium and its daughters are assumed to be initially in equilibrium.
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Using an ice core to characterize the
climatic history of Antarctica
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Between 20 November and 14 December 1984, a remote tent
camp was operated in the Dominion Range (center point,

85°15'S 166°10'E) on an ice-covered massif located at the con-
fluence of the heads of the Beardmore and Mill Glaciers in the
Transantarctic Mountains. The camp was occupied by four
members of the Glacier Research Group (University of New
Hampshire) and three members of the Polar Ice Coring Office
(Pico) (University of Nebraska). The main task at the site was to
retrieve an ice core from which chemical and physical time-
series will be made available to help in assessing: (1) current
stability of the east antarctic ice sheet, (2) current models con-
cerning the recent glacial history of the Transantarctic Moun-
tains, (3) the presence of relatively high frequency (10° per 100
years) climatic signals, and (4) the possible relationships be-
tween volcanic and/or solar activities and climatic change.

Early days in the field were devoted to establishing an op-
timum site for the proposed 200-meter core (the final outcome
was a 201-meter core). Maps, visual observations of ice surface
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