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During the past year our work focused on dating antarctic ice
by the carbon-14 ( 14C) and uranium-238 ( 238U) series methods.
Because of the small amounts of carbon dioxide (CO 2) and of
238w with its decay products in most ice samples, sensitive
methods with low backgrounds are being developed.

For 14C, we extract the air from 10-20-kilogram ice samples by
helium-purging the melt, separate the CO2 from the air, and
count the 14C in the CO2 with low-level mini-counters. The 14C in
a number of CO2 samples extracted from antarctic ice has been
counted in this way (Fireman and Norris 1982-a) with limited
accuracy (plus or minus 1,500 years) and limited range (10,000
to 15,000 years). We are now doing accelerator work in collab-
oration with the University of Arizona National Accelerator
Group aiming to remeasure the 14C in these CO2 samples with
higher precision.

In 14C studies of antarctic ice samples, variable amounts of
radon-222 (2 Rn) (3.8-day half-life), which correlated with the
amounts of dust in the ice, were observed (Fireman and Norris
1982-b). Since 222Rn is the daughter of radium-226 ( 226Ra), the
end member of the 21U(a) ---> thorium-234 (2 Th) (3, I3)— 2U((X)

230Th((x) __>
 226 R chain, we are investigating 238U series dating

of ice. We are measuring the concentrations of 226 R (1,720-year
half-life), 230Th (75 x 103 years), 234U (250 x 103 years), 238U (4.5
X 109 years), and 232 T (1.39 x 10 0 years) dissolved in dusty

and clean ice samples from Allan Hills and in near-bottom Byrd
core samples.

The idea behind 238U-series dating of ice with fine volcanic
glass shards is that a percentage of the 238U and its daughters
decay into nuclei that recoil into the ice. If the ice is carefully
melted and filtered, these recoil nuclei are separated from the
shards and are useful for dating. The ratio of 226Ra/230Th (re-
coiled into ice) gives the time that the shards were incorporated
in the ice as does the ratio of 230ThI 2 U (recoiled into ice). This
time is when the snow with the shards compressed into ice.
Adjacent ice with no shards gives the amounts of these nuclei
dissolved in the original precipitation.

W.A. Cassidy collected for our study a 20-kilogram ice sample
from 50- to 100-centimeter depth at the Cul de Sac site of Allan
Hills, which contained visible dust layers. The dust, which was
composed of fine volcanic glass shards (approximately 10
centimeter size), had a maximum concentration of approx-
imately 0.3 grams per kilogram ice. The clean sections of this ice
sample had approximately an order of magnitude less dust. A
1.00-kilogram piece of ice with the dust layers and a 1.00-
kilogram piece without the dust layers were removed from the
Cul de Sac sample for preliminary U-series dating. We also
obtained from C. Langway a 0.80-kilogram Byrd core sample
from 1 meter above bedrock (2,190 meters below the surface),
which contained 60 grams of soil, and a 1.60-kilogram Byrd core
sample from 11 meters above bedrock, which contained very
little dust, approximately 30 milligram for U-series studies.

We melted and filtered the ice at pH = 1.0 by adding drops of
nitric acid (HNO3) so that there would be no Ra, Th, and U
adsorption on and desorption from the particulates. The 226 R in
the filtered melt water was measured by milking the daughter

2Rn. The water was first purged of all gas by bubbling helium
through it. Carrier argon (Ar) was added to the water and the
system pressurized with helium (He). The 222 R that built up
during a 3- to 10-day waiting period was purged out with He

Dissolved radium-226 from radon-222 measurements and preliminary uranium-238, uranium-234, and thorium-230 results

Radon-222
(saturation value)	Radium-226	Uranium-238 Uranium-234 Thorium-230

Sample	
Ice	Dust	Depth	(in counts per minute)	(in decays	(in decays	(in decays	(in decays

(in kilograms) (in grams) (in meters)	First	Second	per minute	per minute	per minute	per minute

helium	helium	per kilogram) per kilogram) per kilogram) per kilogram)

purge	purge

Dusty Cul
de Sac

Clean Cul
de Sac

Dirty Byrd
core

Clean
Byrd
core

Distilled
water

Distilled
water

Reagent
grade
water

Line blank

1.00	—0.30	0.75	0.37±0.03	0.34±0.01	0.140±0.010	:!^-0.10

	—0.03	0.75	0.18±0.03	0.20±0.01	0.077±0.008	<0.10

	

60.00	2,190	85.00±5.00 77.00±5.00	41 .000±2.000	not done

	

0.03	2,180
	1.10±0.10	0.50±0.20

	
0.250±0.020	not done

	

0	n.a.a	0.11±0.03	0.10±0.01
	

0.040±0.004	not done

	

0	na.	0.05±0.01	not done
	0.040±0.004	not done

	

0	na.	0.09±0.02	0.075±0.010	0.030±0.004	not done

	

0	n.a.	<0.02	not done	not done	not done

--0.30	—0.16

<0.20	<0.20

not done	not done

not done	not done

not done	not done

not done	not done

not done	not done
not done	not done
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1.00

1.00

1.60

1.00

0.50

1:10
0.00

a "na." denotes not applicable.
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and collected on charcoal (- 196°C) with the carrier Ar. The gas
was then removed from the charcoal, purified, and counted for
several weeks. (The 222 R measurement can be repeated after
another build-up time.)

The filtered and purged melt water was then removed from
the gas system, evaporated to 250 milliliter, and the pH is
readjusted to 1.0 with ammonium hydroxide (NH4OH). The U
and Th are then solvent-extracted into 250 milliliters of 0.032
molar DEHP (Diethylhexyl Phosphoric Acid), in"Toluene. " The
U and Th were then back-extracted into 25 milliliter of 10 molar
hydrogen chloride (HC1). The procedure was repeated a second
and third time. The 75 milliliters of 10 molar HC1 containing the
U and Th was evaporated to dryness in quartz plachets for
preliminary analysis by a spectrometry. The dirty Byrd sample
had too much residue for this preliminary analysis; however,
the dusty and clean Cul de Sac samples, which had 1.8 milli-
grams and 1.4 milligrams of residue were a counted. The table
gives the results obtained.

The U and Th values given in the table are preliminary values
because they were obtained by counting evaporated residues.
The U and Th counting should be greatly improved when we
electrodeposit thin samples on a disk before counting. We are
currently experimenting with electrodepo siting procedures on
calibrated U and Th samples in an effort to obtain higher yield
and counting efficiencies with lower backgrounds.

If we assume that amounts of 226Ra, 230Th, and 234U dissolved
in the clean Cul de Sac sample represent constituents dissolved
in the original precipitation and the excesses in the dusty sam-

ple are due to recoils out of the glass shards, then the activity
ratio of recoil 226Ra/230Th/2 U is 0.063 ± 0.013/approximately
0.08/approximately 0.10. For 20,000-year-old ice, we calculate
that the activity ratio should be 0.063/0.011/0.004, and for
400,000-year-old ice, the ratio should be 0.063/0.062/0.043.
These calculations indicate the type of precision that we must
have to obtain accurate U-series ages in the 20,000- to 400,000-
year range. Because of the poor counting statistics in our pres-
ent measurements, we can say the 226Ra/230 Th activity ratio of
0.063/approximately 0.08 represents only a suggestion for an
old (more than 50,000 years) age. We hope to improve the
counting statistics by use of larger samples with longer count-
ing times and to reduce the background by electrodepositing
the U and Th and using highly purified distilled water with
highly cleaned reagents in the U and Th separations.

This work was supported by National Science Foundation
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research.
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