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4a). However, it should be noted that there are considerable 
uncertainties in these values arising from the observed layer
ing in this core, which may represent short periods of rapid 
sediment accumulation that are unresolvable using radiocar
bon dating. The average accumulation rate of 13.7 cm ka I 

calculated for GCI in the early Holocene is likely too low, 
because it uses the 11660 ka radiocarbon age obtained for 
darker material at the base of the core, which may include 
slowly accumulating and/or reworked pre-Holocene sedi
ment. A more accurate estimate of sediment accumulation 
rate for this site during the early Holocene wi ll require a 
radiocarbon date within the early Holocene « 10 ka BP) 

section of the core (around 300- 350 cm depth). The down
core material accumulation-rate estimates vary widely for 
GCI, and these variations primarily reflect the large 
changes in down-core dry bulk density (0.08- 0.9 gem - 3) 
and the low accumulation rate calculated for the lower sec
tion of the core. We believe that the accumulation-rate esti
mates shown in Figure 4b and c are not representative of 
actual material accumulation rates [or GCI, because (I) the 
low values of dry bulk density reflect the fluffy layers which 
may have accumulated faster than the calculated average 
accumulation rates, and (2) the average accumulation rate 
calculated [or the lower section of core is likely too low, as 
discussed above. 

The average accumulation rates and material accumu
lation rates calculated for GC2 (Fig. 4d-f) are probably 
more reliable than those calculated for GCI, because all 
radiocarbon dates are for material within the Holocene 
facies, and down-core bulk densities are relatively uniform 
(0.27 ± 0.05 gem -3). The calculated average accumulation 
rates for GC2 suggest a dramatic (>7-fold ) increase in sedi
ment accumulation rates from the middle to late Holocene, 
from 24.5 cm ka I between 3330 and 5940 radiocarbon 
years BP to 179 cm ka- I between 300 and 690 radiocarbon 
years BP (Fig. 4d). Further, the estimated material accumu
lation rates suggest that there has been a similar 5- IO-fold 
increase in the accumulation of biogenic (opal and TOC) 
and lithogenic (AI and Fe) material at this site from the 
middle to late Holocene (Fig. 4e and 1). 

Two general hypotheses may be offered to explain the 
apparently synchronous increases in the accumulation rate 
of biogenic and lithogenic material at the location of GC2 
during the Holocene. The first is that the apparent increase 
in sediment accumulation rate is the result of changes in se
diment transport processes or sediment focusing, such that 
sediments were transported into the inner Nielsen Basin 
from a progressively increasing "catchment" area during 
the Holocene, due to retreat of the ice sheet from the shelf 
or changes in shelf-water circulation. The second hypothesis 
is that the apparent increase in sediment accumulation rates 
reflects real increases in pelagic sedimentation in overlying 
waters, perhaps as a result of progressively decreasing per
manent ice cover at this site during the Holocene, all owing 
comparable increases in biogenic export production and de
position of ice- and current-borne lithogenic material. An
other possibility consistent with the second hypothesis is 
that primary production in these shelf waters is limi ted by 
the availabili ty of dissolved iron in surface sea water, as has 
been suggested for offshore Antarctic waters (Martin and 
others, 1990) and shelf waters of the Ross Sea (Sedwick and 
DiTullio, 1997). In this case, the release of iron from litho
genic material entering surface waters might regulate algal 
export production. 

4. CONCLUSIONS AND FUTURE RESEARCH 

The results so far obtained for cores KROCK-GCI and 
KROCK-GC2 suggest quite different sedimentation his
tories for these two shelf locations during the Holocene. On 
the outer shelf, GCI apparently records three episodes of in
tense export production during the Holocene separated by 
periods of around 1500 years, and probably less pronounced 
"bloom episodes" which occurred over shorter periods. 
Long-term average sediment accumulation rates range from 
39 to 82 cm ka- I during the middle and late H olocene. At 
present, our palaeoenvironmental interpretation of this core 
is limited by the 10 cm (> 100 year) resolution of the geo
chemical analyses and the much coarser resolution of the 
radiocarbon dates. Higher-resolution stratigraphic, geo
chemical and sedimentological analyses of this or similar 
cores, ideally at the scale of the visibl e bands within the core 
(i.e. on the order of 1- IOcm), will all ow us to better con
strain the timing and duration of these bloom episodes and 
to better quantify material accumulation rates. 

In contrast, our analysis of GC2 from the inner shelf sug
gests that there has been a roughly constant proportion of 
biogenic and lithogenic material accumulating at this 
location during the m iddle to late Holocene, with a somewhat 
higher proportion of biogenic material relative to the outer 
shelf. Notably, there is an apparent 7-fold increase in average 
sediment accumulation rate (from 24.5 to 179 cm ka- 1

) at this 
location between the middle and late Holocene, with roughly 
comparable increases in the accumulation of both biogenic 
and lithogenic material. This may represent changes in sedi
ment transport processes; i.e. sediment focusing, or real 
increases in pelagic sedimentation at this location during 
the Holocene. In an e(fort to distinguish between these two 
possibilities, we are currently measuring 230Th and 231Pa in 
GC2, which offers the possibility of quantifying sediment fo
cusing (Frank and others, 1995) and evaluating changes in 
biogenic export production (Kumar and others, 1995). 
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