
Radioactive dating of Byrd core and
Allan Hills ice

E. L. FIREMAN

Smithsonian Astrophysical Observatory
Cambridge, Massachusetts 02138

Antarctic ice is a storehouse of information on the history of
the Earth's atmosphere and climate. This information store-
house is made more valuable by dating the ice. The best dated
ice in Antarctica is the 2,200-meter Byrd core in which a change
in the 180/160 ratios due to the end of the last glaciation, about
13,000 years ago, occurs at 1,100-meter depth (Epstein, Sharp,
and Cow 1970). At shallower depths the age of the core is
estimated fairly accurately; however, near the bottom of the core
the age estimates range from 30,000 to 100,000 years (Johnsen et
al. 1972). The age of ice in ablation regions, such as the Allan
Hills meteorite collection site, is unknown. Because meteorites
with terrestrial ages ranging from 11,000 to 700,000 years have
been collected at the Allan Hills site (Fireman 1980; Nishiizumi
and Arnold 1980), some of the ice at this site may be very old.

We are applying two radioactive dating methods to Byrd core
and Allan Hills ice. The first method is based on the carbon-14
(half-life = 5,730 years) in the carbon dioxide (CO,) extracted
from the ice (Fireman and Norris 1980, 1982). The carbon-14 was
measured by counting the CO2 in low-level proportional mini-
counters. In collaboration with accelerator mass-spectrometry
groups at Bern and at the University of Arizona, we are attempt-
ing to improve and extend these carbon-14 dates. The second
method is based on members of the uranium decay chain in
dusty ice. Our study of this method arose from our effort to
trace the source of radon-222 in some of our extracted CO2
samples.

Our carbon-14 dates for Byrd core samples from 271-, 362-,
and 107-meter depths are (2.2 ± 1.0) x 10, (3.2 ± 0.8) X 10,
and >8.9 x 103 years, respectively, in accordance with the
glaciological estimates. With accelerator mass-spectrometry we
hope to improve the accuracy of these carbon-14 dates and
extend them to at least 15 x 103 years. Our carbon-14 dates for
Allan Hills samples varied with the location and depth of the
sample. The oldest carbon-14 age, >10.5 x 10 1 years, was for
subsurface (5- to 35-centimeter depth) ice from the cul de sac
(76°45'S 159°35E) region of Allan Hills. Subsurface ice from
other Allan Hills regions gave ages about 6 x 103 years. A map
of the Allan Hills site with the carbon-14 ages for these regions
has been published (Fireman and Norris 1982).

In our carbon-14 studies we found variable amounts of
radon-222 (t 12 = 3.8 day) in the CO2 (Fireman and Norris 1980).
The amount of radon-222 activity correlated with the amount of
dust in the filtered melt. Radon-222 is the daughter of radi-
um-226(t  2 = 1602 years), which is the daughter of thorium-230
(t2 = 75,000 years), which is the daughter of uranium-234 (t 1 2

= 250,000 years) in the uranium-238 decay chain. If radi-
um-226, thorium-230, and uranium-234 in ice result from their
ejection from fine dust grains during a decay, then the radi-
um-226/thorium-238 and the thorium-230/uranium-234 ratios
give ages (dust incorporation time) for the ice. The two ages are
identical if the members of the uranium-238 chain in the dust

are in equilibrium and no dust has dissolved into the ice during
melting.

During the 1982-1983 field season, W. A. Cassidy collected
cul de sac ice, which should be good for uranium series dating.
This sample of 20-kilogram weight contained three visible dust
bands composed of fine volcanic glass shards. From such fine
shards a significant fraction of the members of the uranium
decay chain should recoil into the ice during ct decay. We have
done radon-222 and thorium-230 measurements and are pro-
gressing with uranium-234 and uranium-238 measurements on
a very dusty 0.8-kilogram ice sample from 1.25 meters above
the bottom of Byrd core. The near bottom Byrd sample contains
fine clay and larger particles incorporated from the ground
surface upstream. The members of the uranium decay chain are
essentially in equilibrium in the volcanic glass but not in the
clay. The cul de sac ice with volcanic glass contains no dissolved
material; the near bottom Byrd core ice contains a great deal of
dissolved material.

Our procedure for uranium series dating is: (1) We rapidly
filter the melted ice under controlled conditions (pH 1.0). The
rapid filtration with a pH of 1.0 essentially eliminates the pos-
sibility of adsorption on and desorption from the dust particles.
(2) We then extract and measure the radon-222 from the filtered
melt water by a series of helium purges with an argon carrier.
This determines the radium-226 dissolved in the ice. (3) We
then extract the thorium and the uranium from the purged
filtered melt water by solvent extractions and a-count the sepa-
rated thorium and uranium with a surface barrier a
spectrometer.

There were 20 decays per minute of radium-226 in the filtered
melt of the 0.8-kilogram near bottom Byrd sample. There were
thorium-230 and members of the thorium-232 decay chain in
the thorium fraction. The radium-226/thorium-230 activity ratio
was approximately 3.5, which gives an uncorrected radium-226/
thorium-230 recoil age of —40 x 10 1 years; however, this age
must be corrected for the dissolved components and the dis-
equilibrium in the dust. The required correction factors are
being determined.
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