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Microparticle record from Q-13:	 Average
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A 100-meter core was drilled on the Ross Ice Shelf at site Q-
13 (78°57'S 179°55'E) during the 1977-78 austral summer. At
site Q-13 the Ross Ice Shelf is approximately 330 meters thick
and the ice moves approximately 900 meters per annum from
the grid southwest corner of the ice shelf (Jezek 1980). Flow
line maps based on intensity variations of the bottom echo
(Bentley et al. 1979) indicate that ice at Q-13 has come from the
vicinity of West Antarctica ice streams A and B passing to the
east of the Crary Ice Rise (these streams flow into the Ross Ice
Shelf at approximately 84°-85°S 15°W).

A total of 2,611 samples representing the entire 100-meter
length (equal to 77 meters of water) were analyzed for micro-
particle concentration and size distribution. The figure illus-
trates the concentration of total particles (diameters equal to
or greater than 0.63 micrometers) per 500 microliters of sample
for the entire 100-meter core, plotted in water-equivalent
depth. The dates assigned at each 5-meter interval were
obtained by counting apparent seasonal variations in particle
concentration downward from the surface. The average annual
accumulation (A n) estimates for each 5-meter interval (figure)
fall between 143 and 200 millimeters of water per annum. A
for the entire core is 169.4 millimeters per annum.

As might be expected, the Q-13 microparticle record for the
last 450 years bears no resemblance to the only other detailed
antarctic microparticle record, that from the South Pole (Mos-
ley-Thompson 1980). In the Q-13 core a gradual increase in
particulate deposition begins around 1800, increasing by a
factor of 4 by 1900 (table). Particulate concentrations increase
rapidly after 1900, and by 1950 the concentrations are almost
one order of magnitude greater than in 1730 (table). This gen-
eral increase in particle concentration is attributed to the grad-
ual northward movement of the deposition site. Thompson
and Mosely-Thompson (in press) report a current annual par-
ticle deposition rate of 150,000 particles at site J-9, which is
approximately 500 kilometers from the Ross Sea, in sharp con-
trast to 900,000 particles per annum at site Q-13.

Much of the material deposited at Q-13 today is locally
derived, as the concentration ratios for large particles (greater
than 1.0 micrometer) in the table illustrate. Most of this mate-
rial probably is transported in association with the cyclonic
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The concentration of total particles in 2,611 samples representing
the entire 100-meter 0-13 core. Depth is in water equivalent. The
estimated annual accumulation rate (in millimeters) and the date
are Included for each 5-meter increment.

storm systems that move into the Ross Sea. Carleton (1981)
reports that during all seasons cyclogenesis in the Southern
Hemisphere tends to occur over middle latitudes, with matu-
rity and decay (cyclolysis) occurring at higher latitudes.
Cyclone frequency is 2.5 times greater during winter than
summer (Carleton 1981), and by late winter/early spring (Sep-
tember) cyclolysis reaches a maximum in response to the
intensified circumpolar trough. The mean distribution of dis-
sipating vortices for five winters shows a maximum over the
Ross Sea (Carleton 1979). As these dissipating storms move
onto the Ross Ice Shelf, they can transport very small (less than
1.0 micrometer) particles from mid-latitudes as well as local
antarctic material entrained from exposed areas along the east-
ern margin of the Ross Sea Embayment.
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Ratios of particle concentrations representing five time intervals
In the 0-13 ice core

Estimated	 Particle size (in micrometers)

time horizons 0.63-0.80	0.63	1.0	5.0

1900 5.2	4.8	3.9	41730

8.1	9.3	10.8	241730

25	27.9	29.6	251730
1 927 39.5	52.2	68.5	341730

ii 1.5	2.0	2.7	61900

The very substantial increase in particle concentrations
between 1920 and 1940 is quite intriguing. Size distribution
data indicate that the material is locally derived and consists
of great quantities of large (greater than 1.0 micrometer) frag-
ments. Very pronounced broad peaks are centered at about
1927, 1934, 1938, and 1940 and are associated with modest
increases in accumulation. Scanning electron microscope
examination of the particles in the 1927 and 1940 peaks reveals
many large (greater than 50 micrometers) fragments and very
few fresh volcanic glass shards, which might be expected if
direct air fall from Mount Erebus were the source.

We propose that the most viable mechanism to account for
the transport of this great quantity of poorly sorted material to
site Q-13 between 1920 and 1940 is either an increase in the
annual frequency of storms entering the Ross Sea or deeper
penetration of the depressions onto the Ross Ice Shelf. Under
conditions of greater baroclinic instability, deeper depressions

could be generated over the southern oceans, resulting in a
more southward penetration into the Ross Sea during a longer
dissipation stage.

We plan to analyze available meteorological data from Aus-
tralia and New Zealand and from the Byrd antarctic expedi-
tions (1928-30, 1933-35) for any evidence that might support
or refute a substantial change in cyclonic activity or patterns
in the Ross Sea-Australian sector between 1920 and 1940.

This work was supported by National Science Foundation
grant DPP 77-19371A02. We express appreciation to A. Carle-
ton, J . Rogers, and P. Kyle for valuable discussions. We thank
R. Tope and J. Cothran for the accompanying illustration.
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Gas in Allan Hills and Byrd Station
core ice
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We extract and analyze the gas from 5- to 30-kilogram sam-
ples of Allan Hills and Byrd core ice and measure its carbon-
14 ( 14C) content. From such analyses, we date the ice and
obtain information on the history of the ice and the compo-
sition of the ancient atmosphere.

The Allan Hills site (76°45'S 159°40'E), at 2,000 meters ele-
vation, is an ice-ablation region of approximately 100 square
kilometers where many exposed meteorites have been found
(Cassidy 1978; Cassidy, Olsen, and Yanai 1977). The terrestrial
ages of the meteorites range from 11,000 to 700,000 years
(Evans, Rancitelli, and Reeves 1979; Fireman 1980a; Fireman,
Rancitelli, and Kirsten 1979; Nishiizumi et al. 1979). Essen-
tially no glaciological, isotopic, or gas information exists for
Allan Hills ice.

The Byrd core, on the other hand, has been studied exten-
sively and provides a continuous stratigraphic record for the
past approximately 100,000 years (Epstein, Sharp, and Gow
1970; Johnson et al. 1972). Gas studies on Byrd core using
analytical procedures different from those we use are being
done by Berner, Oeschger, and Stauffer (1980). We extract the
gas by helium purging the meltwater, then acidifying and
heating the water (pH = 1, 55°C) and repurging the water
(Fireman 1980b; Fireman and Norris in press). The carbon
dioxide (CO2) is removed from gas by a fine spiral cold trap,
measured volumetrically. The oxygen is removed from the gas
and the purified nitrogen and argon (N2 + Ar) is studied mass
spectrometrically.

Table 1 gives the amounts of gas, the percentage of CO 2. the
14C activity, and the 14C ages of four Allan Hills ice samples,
a frozen distilled water sample, and seven Byrd core samples.
Maps of the Allan Hills site given by Annexstad and Nishio
(1979, 1980) show the locations of the numbered stakes and the
strain flower region.

Table 2 gives the nitrogen and argon abundances, the vari-
ation of nitrogen-15 (' 5N) relative to room-air nitrogen, and
the argon-40 to argon-36 ( 40Ar/36Ar) ratios.

The amount of gas in the Allan Hills ice from stake 18, 20
cubic centimeters per kilogram, is lower than the amount in
the other samples. The low gas content at this site is probably
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