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Isotopic studies of ice samples from
the Allan Hills meteorite site

E. L. FIREMAN

Smithsonian Astrophysical Observatory
Cambridge, Massachusetts 02138

Smithsonian Astrophysical Observatory researchers are con-
tinuing to investigate the gas in the ice at the Allan Hills mete-
orite collection site (76°45'S 159°00'E) (Cassidy, Olsen, and
Yanai 1977). The terrestrial ages of the Allan Hills meteorites
range from 11,000 to 700,000 years (Fireman 1980; Nishiizumi
and Arnold 1980). Our primary effort is carbon-14 dating the
carbon dioxide (CO 2) in the gas; however, we also measure the
oxygen (02), nitrogen (N2), and argon (Ar) abundances and
isotopic compositions in the gas and the oxygen-18/oxygen-16
( 180/160) ratio in the ice for more complete information. Gas is
extracted from large (6 to 31 kilograms) samples by helium
purging to obtain sufficient CO 2 for carbon-14 measurements
with low-level proportional minicounters and Van de Graaff
accelerators. Our gas extraction and counting systems have
been described elsewhere (Fireman 1980; Fireman and Norris
1981). The accelerator method requires the conversion of CO2 to
solid carbon. The Van de Graaff accelerator dating has been
accomplished with meteoritic CO2 samples larger than 3 cubic
centimeters STP (standard temperature and pressure) (Fireman
et al. 1982) but not yet with the smaller CO 2 samples from ice.
The counter and accelerator carbon-14 data are in accord;
however, the accelerator method gives better statistical accuracy
in 3 hours than can be obtained by 3 months of counting.

The figure, a map of the Allan Hills site (Nishio and Annex-
stad 1980), shows the locations of our samples relative to mete-
orite locations (dots) and a numbered stake network.

Table 1 gives the amount of gas extracted, the percentage of
CO2 in the gas, the specific activity of the CO 2. and the carbon-14
age obtained from the specific activity relative to contemporary
radiocarbon. The percentage of CO 2 in gas from subsurface ice
samples ranged from 0.030 to 0.065 percent, and the specific
activities were below that of contemporary radiocarbon; there-
fore, ages greater than approximately 5,000 years resulted. The
percentages of CO 2 in gas from surface ice samples were much
higher, 0.187 and 0.129 percent, and the specific activities were

three times that of contemporary radiocarbon. Two possible
causes of the anomalously large specific activity in surface sam-
ples are (1) carbon-14 in nuclear fallout, which exchanged with
the CO2, and (2) carbon-14 produced by cosmic-ray spallation of
ice, which exchanged with the CO2-

Table 2 gives the variation of oxygen-18 (6180) values for the
ice and for the oxygen in the gas, calculated by the equation

('8O/16Osampie - (18O/16O)sMow 
x 1,000,6 180 =

(18O/16O)sMow

where SMOW is standard mean ocean water. The 60 of the
oxygen in the gas was the same as that for the atmospheric
oxygen samples and differed markedly for the 6 1 0 ice values.
This result shows that the 180/160 in atmospheric oxygen has
been constant over a time that corresponds to the age of Allan
Hills ice.

This 6180 of the ice gives information on its source region. The
Allan Hills meteorite site is in the catchment area of the vast
Taylor Glacier, which extends over a 1-million-square-kilometer
area. Drewry (1980) studied the motion of the Taylor Glacier and
measured the 6180 for ice at a few Taylor Glacier locations. His
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Table 1. Amounts of gas, percentage of CO2 in the gas, specific activity of the CO 2, and 14C ages

Extraction
Sample location, depth,	 temperature	 Gas	 CO2	 14C/ CO2	 14C age
and weight	 and pi-	 (cm3 sTP/kgb	(percent)	(10 dpm/cm3)c	(1,000 years)

	

Frozen Water	 24°C, 7.0	 20.4
(7.8 kg)	 55°C, 1	 0.4

	

1.0 cm 3 CO2	24°C, 1	 N. D.
(in purged Strain Flower Ice)

	

590 cm3 Air	 24°C, 1	 72.0
(in purged Strain Flower Ice)

Allan Hills
Stake 12 (surface)	 24°C, 5.5	 47.0

	

(31 kg)	 55°C, 1	 0.9
Stake 12 (5-20 cm)	 24°C, 1	 53.9

(6.9 kg)
Stake 18 (surface)	 24°C, 5.5	 20.1

	

(16.6 kg)	 55°C, 1	 0.4
Stake 14 (5-20 cm)	 24°C, 1	 55.5

(5.75 kg)
Stake 14 (20-35 cm)	 24°C, 1	 66.9

(5.90 kg)
Stake 10-11 (5-25 cm)	 24°C, 5.5	 46.0

	

(12.9 kg)	 55°C, 1	 1.5
Strain Flower (5-25 cm)	 24°C, 1	 52.5

(10.3 kg)
Center Strain Flower (5-25 cm)	24°C, 1	 35.5

(14.46 kg)
Cul de Sac (5-20 cm)	 24°C, 1	 41.6

(17.1 kg)
Cul de Sac (20-35 cm)	 24°C, 1	 50.5

(8.0 kg)

"PH = hydrogen-ion concentration.
bcm3 sTP/kg = cubic centimeters (standard temperature and pressure) per kilogram.
C10-3 dpm/cm 3 = 0.001 decay per minute per cubic centimeter.
dND = not determined.

1.35
	

9.0± 0.5
	

0 ± 0.7
N.D.d
N. D.	 <1.5

	
>12.0

0.037
	

N.D.	 N.

	

0.187
	

27 ± 3
	

N.

	

0.030
	

5.0

	

0.129
	

25 ± 6
	

N.D.

0.034

	

0.033
	

N.D.	 N.D.

	

0.054
	

3.9 ± 1.9
	

2.7-11.5

	

0.047
	

4.3 ± 1.8
	

2.3-9.7

	

0.058
	

5.0 ± 1.5
	

1.8-7.5

0.065
2.3	 >10.0

0.051

Table 2. Ice and gas (oxygen) 6180 values at Allan Hills and for atmospheric samples

6180 ce	 8180 gas
Location	 Depth

	 (%)	 (%)8

Allan Hills
Stake 12
Stake 12
Stake 18
Stake 14
Stake 14
Stake 10-11
Strain Flower (center)
Strain Flower
Cul de Sac
Cul de Sac

South Pole air 383-79
South Pole air 378-79
Local air (unprocessed)
Local air (processed through purged A.H.')

surface chips
5-20 cm

surface chips
5-20 cm

20-35 cm
5-20 cm

10-30 cm
10-30 cm
5-20 cm

20-35 cm
N.A.0
N.A.
N.A.
N.A.

-39.54 ± 0.35
-39.23 ± 0.24
-40.07 ± 0.20
-41.39 ± 0.39
-40.51 ± 0.47
-43.48 ± 0.43
-42.11 ± 0.50
-42.62 ± 0.10
-40.74 ± 0.10
-41.80 ± 0.60

N.A.
N.A.
N.A.
N.A.

N.D.b
-21.80 ± 0.50
-21.64 ± 0.25
-23.50 ± 0.50
-23.50 ± 0.50
-22.16 ± 0.30
-22.76 ± 0.30
-22.54 ± 0.30
-21.23 ± 0.20
-20.92 ± 0.21
-22.30 ± 0.30
-23.13 ± 0.30
-22.50 ± 0.30
-22.62 ± 0.30

a parts per thousand relative to standard mean ocean water. Errors estimated from reproducibility of S on aliquots.
'N.D. = not determined.
c N . A . = not applicable.
dAH = Allan Hills.
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values of -41.6 and 42.8%o for the lowermost ice at Taylor
Glacier snout (77°43.6'S 162°16.5'E) are identical to our values at
stake 14 and in the Strain Flower and Cul de Sac regions. His
value of - 43.4%o for the Taylor Glacier dome (77°44'S 158°22'E)
is essentially identical to our value between stakes 10 and 11.
These locations in the Taylor Glacier are possible source regions
for the Allan Hills samples. On the other hand, Dome C (74°39'S
124°10'E), with a 8 180 of - 50%, is an unlikely source. The Allan
Hills samples from stake 12 require a slightly warmer source
than those investigated by Drewry (1980).

The 02, N2, and Ar abundances and the nitrogen-15/nitro-
gen-14 ( 15N114N) and argon-40/argon-36 (40Ar/36Ar) ratios in the
trapped gas are similar to those in contemporary air, except for
positive 15N1 14N ratios in a few samples.

I thank J. C. DeFelice for his help in all phases of this work,
W.A. Cassidy and J. 0. Annexstad for the Allan Hills ice, C. C.
Langway, Jr. for the Byrd core ice, and W. Komhyr for the
antarctic air samples. This research was supported by National
Science Foundation grant DPP 78-05730.
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Microparticle concentration and size-
distribution determinations from the

J-9 core, Ross Ice Shelf

L. C. THOMPSON and E. MOSLEY-THOMPSON

Institute of Polar Studies
Ohio State University
Columbus, Ohio 43210

In 1977-78 a 416-meter core was drilled through the Ross Ice
Shelf at site J-9 (82°22.5'S 168°40'W) (Zotikov, Zagorodnov, and
Raikovsky 1979). Preliminary examination of the core revealed a
three-layer structure at the site (Zotikov 1979): a snow and firn
layer extending from the surface to about 40 meters, a homoge-
neous bubbly ice layer extending to 410 meters, and a 6-meter-
thick bottom layer thought to be old sea ice.

Recently, 39 1-meter sections of the core were obtained for
analysis of microparticle concentration and size distribution.
The microparticle analyses were conducted under class-100
clean room conditions using the Coulter Technique (Thompson
1977). The 1,913 samples analyzed provide considerable detail
about microparticle concentration variations in each core sec-
tion. Figure 1 illustrates the average concentration of small parti-
cles (between 0.63 and 0.80 micrometer in diameter) and total
particles (diameter 0.63 micrometer) in each of the 39 sec-
tions. The detail obtained in the microparticle stratigraphy is
presented in figure 2.

The samples from the three sections between 36 and 44
meters were contaminated by drilling fluid. This was confirmed

Ross Ice Shelf, J-9
Particles per 500j.il of Sample (iO)
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Figure 1. Average concentration of small particles (diameters
0.63-0.80 micrometer) and total particles (diameters 0.63 microm-
eter) per 500-microliter sample for each of the 39 sections from the
Ross Ice Shelf J-9 core.
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