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Abstract

A 2500 m-deep ice core drilled at Dome Fuji, Antarctica was analyzed for concentrations of CH,, N,O and CO,,

8 N of Ny, 8 0 of O, and & (O,/N) in the atmosphere, as well as total air content in ice, by using a wet extraction
method. The analytical precision for the respective species were estimated to be = 6 ppbv, = 3 ppbv, = 1 ppmv, =
0.02 %o, =0.04 %o, ==0.2 %o and £ 0.6 mISTP kg'. Air samples were also collected from firn at Dome Fuji and
H72, Antarctica and then analyzed for the same species as above, to allow an accurate estimation of the bubble
close-off depth. For dating the air occluded in the Dome Fuji ice core, the age difference between ice and air (A
age) were estimated by model calculation. Based on these analytical and model studies, precise concentration
variations of CH,, NO and CO;, § *N of N;, §®0 of O, and & (Oy/N,) with a time resolution of about 1 kyr over the
past 340 kyrs covering three glacial-interglacial cycles were deduced. Dole effect, which is a proxy of terrestrial and
marine production, was also deduced from atmospheric §'°0 and ¢°O of seawater from the deep sea core. The
results obtained in this study are summarized as follows:

1) The molecular diffusion was the dominant mechanism for gas movement in firn, resulting in gravitational
separation and age delay of gas components. In addition to this effect, non-diffusive transport of gas was also
important at H72, due to sealing of the dense winter layer near the top of the bubble close-off zone. The convective
mixing zone was found to be 9 and 3 m at Dome Fuji and H72, respectively. Using the diffusion model, A age was
found to be 2200 years at Dome Fuji and 140 years at H72 under the present condition. The width of air age in ice
was estimated to be 500 years at most at Dome Fuji and 20 years at H72.

2) The close-off depth at Dome Fuji was fairly stable in the Holocene epoch, with an average of 100.3 £+ 0.5 m,
and deeper by 15 m in the glacial period. A age was highly variable over the glacial-interglacial cycles, ranging
between 2000 and 5000 years, with high values in the glacial maximum. Such a large fluctuation was ascribed
primarily to the changing accumulation rate and secondarily to the changing close-off depth.

3) &°N of air in the Dome Fuji core was high in the interglacial period, with a mean value of 0.51 %o, and
decreased to 0.45 %o in the glacial maximum, which is opposite to that expected from the densification theory. The

close-off depth at the Last Glacial Maximum was estimated to be 78 m on the basis of the measured 8N values,
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while the densification model calculated it 116 m. This fact suggests that the densification model possibly
overestimated A age by 1.4 kyrs in the glacial maximum and less in the rest of the period.

4 ') The CH, concentration increased rapidly from 360-420 to 700-730 ppbv during the glacial-interglacial
transitions. After the interglacial period, the concentration decreased rapidly to 470-490 ppbv and then gradually
toward the lowest value in the glacial maximum, showing a number of fluctuations with amplitudes of more than
100 ppbv. The CH, concentration variation was found to be concomitant with the temperature variation, which
suggests that natural CH; sources especially in the region from the tropics to northern latitudes were affected by
climate change. The CH, concentrations from the Dome Fuji core showed similar temporal variations to those from
other Antarctic ice cores, with some systematic difference of the concentration. However, detailed comparison with
the Vostok record revealed somewhat large differences in some periods of the last 340 kyrs. It was also found that
almost all prominent concentration peaks seen in the Dome Fuji CH, record of the last glacial period were identified
in the Taylor Dome record. Based on the measured CH, concentrations, CH, source was found to be stronger in the
glacial maximum at around 255 kyrs BP by 13 % than in other glacial maxima. It was also found that CH, emission
sometimes occurred in the region from the tropics to northern high latitudes, being independent of climate change in
southern high latitudes.

5) The N,O concentration showed clear evidence for glacial-interglacial variations, with the respective
concentrations 260-275 and 230-240 ppbv for the interglacial and glacial periods. The N,O concentration also
occasionally showed considerably high values in the glacial maximum. Temporary rapid increases of the N.O
concentration were synchronized with those of the CH; concentrations, which suggests that N;O sources in the
region from the tropics to northern high latitudes were activated in those times. On the other hand, clear negative
correlation of the CH; concentration with the N,O concentration was found in the middle of the Holocene, due
probably to enhanced oceanic NoO sources. During the Younger Dryas period, the N;O concentration was lowered
by 35 ppbv, in response to climate change in northern high latitudes.

6 ) The CO, concentration varied between 190 and 300 ppmv showing clear glacial-interglacial variations.
Spectral analysis of the time series of the CO, concentration showed that very strong periodicity with 115 kyrs cycle”
is predominant. From the comparison with the CO, concentration data from other ice core studies for the past 50
kyrs, it was found that our value obtained using the wet extraction method reconstructed the atmospheric history of
CO; fairly well. The CO, concentration variations deduced from the Dome Fuji core for the past 340 kyrs were
similar to those from the Vostok core as a whole.

7 ) The atmospheric 6 ®O record deduced from the Dome Fuji core and the SPECMAP record for 6 “O of seawater
were correlated fairly well with each other during 0-220 kyrs BP. However, the 8 *O record of the Dome Fuji core
preceded SPECMAP record before 220 kyrs BP. By comparing our & O record with that from the Vostok core, it
was also found both records are in good agreement with each other, except for phase in some periods. From the
variation of Dole effect deduced for the penultimate interglacial period, it was suggested that primary production of
the terrestrial biosphere was enhanced especially during 123-114 kyrs BP.

8) The total air content in the Dome Fuji core varied between 80 and 95 ml kg, showing rapid decrease at
terminating of all glacial periods. The past pressure values at the bubble close-off depth (P.), calculated from the
total air content and the temperature at that depth, revealed the negative correlation with the surface temperature.
The ice sheet elevation in the glacial periods calculated from P. under the hydrostatic assumption was considerably
low, which is quite different from our present knowledge. This ineans that the total air content in ice is not governed

only by atmospheric pressure.
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9) & (04N, from the Dome Fuji core was clearly lower than that in the present atmosphere. By inspecting the
storage time of ice samples at high temperature of -25C and the correlation of & (O,/Nz) with total air content, it
was suggested that faster molecular diffusion of O, than N, in ice lattice, as well as selective effusion of O, at the

bottom of firn during the bubble close-off process, caused low values of & (O,/Ny) in ice.
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