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We measured the carbon-14, radon-222, and the volumes
and compositions (nitrogen, oxygen, argon, and carbon di-
oxide) of the gas trapped in ice samples from the Byrd core
and from the Allan Hills (76° 45' S 159° 40' E) meteorite
collection site. The measurements give ages for the ice sam-
ples and relate to the ecological history of the regions and
the history of the Earth's atmosphere.

The Byrd core has been extensively studied. Its age-depth
relation has been calculated; an age of approximately 50,000
years was obtained for 2,100-meter depth (Johnson, Dans-
gaard, Clausen, and Langway 1972). The oxygen and hy-
drogen isotope ratios of the water as a function of depth
have been accurately measured (Epstein, Sharp, and Cow
1970; Johnson et al. 1972) and give the temperature history
of the moisture from which the snowflakes arose. The vol-
ume of gas trapped in the ice and its CO 2 abundance as a
function of depth have recently been measured (Berner,
Oeschger, and Stauffer 1980) and give historical informa-
tion on the Earth's atmosphere. It is important to date the
ice in the core by radioactive methods and to analyze the
elemental and isotopic compositions of the gas in more
detail.

The ice at the Allan Hills meteorite site is also interesting.
More than 700 meteorites have been recovered from the
surface from an area of approximately 100 square kilome-
ters (Cassidy 1978). The terrestrial ages of a score of large
specimens, unmoveable by winds, have been determined.
These ages range from (11 ± 1) X iO3 years to (700 ± 100)
X 103 years (Fireman 1979, 1980; Evans, Rancitelli, and
Reeves 1979; Nishiizumi and Arnold, 1980). The recovery
locations of these specimens are known relative to a trian-
gular network of stakes. A recovery-location/terrestrial-age
pattern is beginning to emerge indicating a continual
upflow of ice for approximately 700,000 years at one loca-
tion and essentially stagnant ice for this period of time at
another location. The ages of ice from these two locations
should be determined by radioactive dating.

We extract the gas from the ice by an evacuation followed
by a series of helium (He) purges of the meltwater. Our
extraction, analytical, and counting procedures are de-
scribed in a forthcoming article (Fireman and Norris, in
preparation). Essentially all the N,, 02, and Ar, half the CO2
and none of the radon is extracted in the first evacuation.
The remainder of the N 2, 02, CO2. together with radon, are
completely extracted by two He purges. The first purge is
done at room temperature; the second purge is done after
acidifying the water to pH= 1 and heating it to 55°C. Car-
rier argon is then injected into the water and the water

sealed off for several days to allow radon to grow. The
carrier argon together with accumulated radon are then
removed by a helium purge; successive radon measure-
ments are thereby obtained on the same sample. The sam-
ples are listed and the results are summarized in the table.

The N2, 02, and Ar abundances in the gas from the Byrd
core samples are identical to that in air; however, there are
measurable differences in the CO2 abundances. The CO2
abundance of the ice from 270-meter depth is within 2
percent of the atmospheric value. The ice from 362-meter
depth has a 50 percent higher CO 2 abundance and the ice
from 1,070-meter depth has a 10 percent lower CO 2 abun-
dance. The composition of the gas in frozen distilled water
is very highly enriched in Ar, 02, and CO2 relative to N
the AR/N2 ratio is 3.7 times the atmospheric value and the
CO2/N2 ratio is approximately 100 times the atmospheric
value; these values are as expected for air dissolved in
water. On the other hand, the gas in the Byrd core is mainly
from trapped air bubbles. Our total gas and CO2
measurements for Byrd core samples are in accord with the
results of Berner et al. (personal communication 1980). We
have analyzed only surface ice (<10-centimeter depth)
from Allan Hills. These surface ice samples have com-
positions intermediate to those of the Byrd core and the
frozen distilled water showing that melting and refreezing
occurred on the surface of Allan Hills ice. We recently
obtained Allan Hills ice from greater than 10-centimeter
depth, but these samples are not yet analyzed.

The ' 4C contents of the CO2 from the Byrd core ice give
ages of 1,000 (±1,000) years, 2,000 (± 700) years, and over
8,000 years, respectively, for 270-meter, 362-meter, and
1,070-meter depths. The ' 4C activity in the frozen distilled
water was slightly higher than the National Bureau of
Standards oxalic acid standard. The ' 4C activity in the Allan
Hills surface ice is three times that of the National Bureau
of Standards oxalic acid standard and is attributed to nu-
clear fall-out.

The 222 R (radon) results are extremely interesting; the
222 R activity is large for the 2,000-year Byrd sample and
even larger for the ^:8,000-year Byrd sample. Since 222 R
results from 226Ra (radium-1,600 year half-life), the 222Rn
results show that measurable amounts of long-lived parents
of 226 R (radium), mainly 230Th (thorium-75,000 year half-
life), were in the ancient snow that fell near Byrd station.
Approximately 7 X 1011 atoms of 230 Pn per kilogram is
necessary to account for the 222Rn. We plan to measure the
alpha activities in the Byrd and Allan Hills samples to
determine the 230Th and other long-lived parents directly.
The 222Rn-230Th dating method promises to be a more pre-
cise method for age determination in ice than 14C; it re-
quires much smaller samples; it has possibilities for more
ancient dating and for the dating of samples with complex
melting-refreezing histories.

This work was supported by the National Science Foun-
dation grant DPP 78-0573.
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Table. Air, CO2, and C contents in ice.

Ice Sample Air	Air/Ice	CO 	LCO2]Ttl/Air	C	 C14	 14	222RnWeight
(depth)	(cm3 STP) (cm 3/kg) (cm3 STP)	(%)	(10-3 dpm/cm3) (10 yr)	(dpm/kg)

	

8 day blank	14

Byrd Core

	

14.2 kg	1028
(362 m)

ALH. (St. 12)

	

31.15kg	983
(surface)

-	<0.02	<0.1

73	0.53	 0.051

31	1.86
	

0.189

6.0±0.5	2.0±0.7	7.5±0.4

27±3	(bomb)	-

ALH. (St. 18)	1309*	118.6*	
^0 .

0.244*
16.6 kg	 2. it 187t	0.125	25 ± 6	(bomb)	-

(surface)
Byrd Core	1945*	158*. 165*

16.4 kg	<	 ' 4. It	0176t	0.0336	6.8± 1.0	1.0± 1.0	50.5
(270 m)

Frozen Water1:	1120*	117.8*	11.20*	 (contemp.\
<0.27.8 kg	<( 20 1:	) 2.61	0 .

7011.35	8.5 ± 1.0	"	air	)

Byrd Core	51002*	1111*	10.145*
9.2 kg	' 9.0	0 176	0.0296	3.0	?8.0X103 12.9±0.5

(1070 m)

*
Bubbles released on melt.

tPurged with He - acidified, heated, and repurged with He.
tDistilled water in freezer.
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Characteristics and significance
of rock glaciers in southern

Victoria Land, Antarctica
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Rock glaciers, large-scale masses of frozen debris (figure
1), form a group of features that, because of their depend-
ence on temperature and precipitation, can be used as mon-
itors of climatic change. Thirty-two of these features were
described this season in Wright, Taylor, and Victoria Val-
leys, and at Bull Pass.

Since dynamic aspects such as velocity, strain, viscosity,
response time, and intraformational components of antarc-
tic rock glaciers are not known, monitoring experiments
were set up on nine of these features (figure 2) to investigate
them. The features chosen for these experiments face north,
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