
Percent of total variance, north velocity component, 560 meters,
8 January through 13 May 1990

Period (in hours)	Tidal component	Percent of variance

	

327.9	M1 (lunar fortnightly)	 16.4

	

153.7	 9.2

	

86.9	 1.5

	

39.2	 1.4

	

25.8	01 (lunar diurnal)	 22.4

	

23.9	K1 (luni-solar diurnal)	 28.2

	

12.4	M2 (lunar semidiurnal)	 1.0

	

12.0	S2 (solar semidiurnal)	 1.2

phaeocystis laden waters into eastern McMurdo Sound. It is
likely that flow reversal, rather than the onset of high produc-
tivity in the open Ross Sea, controls the precise timing of this
event. The third-year deployment of our current-meter mooring
will provide the first direct observation of ocean currents in
eastern McMurdo Sound during the critical late November
through January period.

This research was supported in part by National Science
Foundation grant DPP 88-18136. We thank Ward Testa, Alex
Pyne, and Ray Tien for assistance in the field and Peter de-
Menocal for assistance with time series analyses. Pat Sole and
Brian Anderson with K-191 (New Zealand Antarctic Research
Program) are gratefully acknowledged for assistance with sur-
veying the mooring sites.

during 1983. If this is a typical feature of Ross Sea circulation,
eastern McMurdo Sound may be decoupled to some degree
from the open Ross Sea flow regime.

Collectively, our current-meter data suggest that important
shifts in upper water column flow recur on a seasonal basis. A
consistent feature of our current meter records is northerly flow
at depths of 160 to 180 meters between August and late Novem-
ber, opposite of the near-bottom flow. This flow, if characteristic
of the uppermost water column, must reverse during Decem-
ber to permit the annually observed southward penetration of
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Surface-sediment diatom
assemblages from the George V Coast

AMY LEVENTER

Byrd Polar Research Center
Ohio State University
Columbus, Ohio 43210

Surface-sediment floral data from the George V Coast dem-
onstrate that significant environmental information is archived
in the sedimentary record. The downcore application of the
relationships derived from this surface-sediment work should
be instrumental in understanding the deglacial history of this
region of Antarctica.

Figure 1 illustrates the absolute distribution of diatom valves,
in millions of valves per gram of sediment. Concentrations up
to almost 250 million diatom valves per gram of sediment are
observed. The most diatomaceous sediments are found on the
flanks and deeper waters of the George V basin. Increased
biogenic content in antarctic shelf basins has also been noted
in the Ross Sea (Dunbar, Anderson, and Domack 1985; Dunbar,
Leventer, and Stockton 1989) and is the result of deposition of
winnowed and laterally advected diatom frustules. An east-
west gradient is also observed, with diatom abundances in-
creasing to the west. Several environmental factors are respon-
sible for this distribution pattern. First, the East Wind Drift
transports fine-grained diatomaceous material to the west. Sec-

ond, east of 147° E, persistent sea-ice cover is responsible for
decreased primary production. Although the prolific sea-ice
community cannot be ignored—in a single year, ice from
McMurdo Sound, McGrath-Grossi et al. (1987) had an esti-
mated annual production of 40-80 grams of carbon per square
meter, a significant portion of the estimated total production
for the southern oceans—both production rates and standing
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Figure 1. Absolute distribution of diatom values in surface sedi-
ments from the George V Coast.
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stocks are decreased greatly at the base of multiyear (as op-
posed to single-year) ice (Palmisano and Sullivan 1985).

Overall, the most abundant diatom species is Nitzschia curta,
a small pennate form commonly found both as a member of
the sea-ice microbial community (see Leventer and Dunbar
1988, for a review) as well as a dominant component in ice-
edge blooms in the Ross Sea (Smith and Nelson 1985; Wilson,
Smith, and Nelson 1986). Relative percentage data for N. curta
(figure 2A) reveal an offshore decrease in the contribution of
this species to the diatom assemblage, a function both of the
decreasing influence of sea ice in an offshore direction and of
the increased relative input of the more "oceanic" species,
Nitzschia kerguelensis (figure 2B). Changes in the relative abun-
dances of these two species downcore may track the Holocene
retreat of the ice sheet from the shelf. Despite low overall con-
centration of diatoms to the east, the relative percentage of N.
curta is high in this region, possibly related to sea-ice algal
production and advection from farther to the east.

Thalassiosira spp. concentrations are generally low (maximum
20 percent), but reach their maximum values to the west and
offshore (figure 2C). As described by Leventer and Dunbar
(1988), this genus is widespread in antarctic waters but uncom-
mon in sea-ice samples. Instead, Thalassiosira spp. is associated
mainly with primary production within the water column. This
environmental preference is clearly demonstrated by these data
and may be useful downcore in delineating historical changes
in the distribution and extent of sea ice.

The distribution of Chaetoceros spp. is the most complex to
interpret (figure 2D). Most of the specimens counted are resting
spores. The highest relative concentrations of Chaetoceros are
observed east of 145° E, in a region characterized by persistent
sea-ice cover. Data from the Gerlache Strait off the Antarctic
Peninsula indicate that Chaetoceros spores can be associated
with surface waters that are highly stratified as a result of both
meltwater input and thermal warming. Spore formation may
result from environmental stress due to nutrient depletion
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Figure 2. A. Relative concentration of Nitzschia curta in surface sediments from the George V Coast. B. Relative concentration of Nitzschia
kerguelensis in surface sediments from the George V Coast. C. Relative concentration of Thalassiosira spp. in surface sediments from the
George V Coast. D. Relative concentration of Chaetoceros spp. in surface sediments from the George V Coast.
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within the low density surface waters (Leventer 1991). In Ross
Sea phytoplankton samples collected during January and Feb-
ruary 1990, the highest relative abundance of Chaetoceros is in
the southeastern Ross Sea, in an ice-free area of generally low
primary production.

In comparison to both the Gerlache Strait and Ross Sea dis-
tributions, highest relative abundance of Chaetoceros in surface
sediments off the George V Coast is observed east of 145° E,
along a line which marks the maximum summer retreat of the
annual ice edge. This region is characterized by heavy sea-ice
cover for approximately 11 months each year and low absolute
diatom abundance in the surface sediments. Although this re-
lationship is not completely understood, factors that may have
contributed to this distribution pattern are presented below.

First, it is important to note that the sediments with relatively
high concentrations of Chaetoceros are diatom-poor sandy muds
and muddy sands (Dunbar et al. 1985). This is partially a func-
tion of low annual primary production and subsequently low
input of fine-grained biogenic material to the sediments in this
area. Although phytoplankton blooms may be associated with
stationary ice edges, the area around 145° E is ice free, on
average, less than 30 days per year. A phytoplankton bloom
associated with stabilization of surface waters via meltwater
obviously would be limited to this very short period. Second,
the distribution of Chaetoceros also may reflect a dissolution sig-
nal, because heavily silicified spores are more resistant to dis-
solution in the water column and at the sea flow. Finally, there
may be a direct biological relationship between Chaetoceros rest-
ing spores and the minimum extent of annual sea ice (station-
ary ice edge). The dominance of certain species and the retreat-
ing ice edge has been documented; for example, Nitzschia curta
dominates ice-edge blooms in the Ross Sea (Smith and Nelson
1985; Wilson, Smith, and Nelson 1986). The exact nature of the
relationship between Chaetoceros resting spores and the station-
ary ice edge off the George V Coast can be addressed only with
additional work, but the correlation of the distribution of this
group and the minimal extent of sea ice suggests the possibility
that this relationship may be used downcore to trace this ocean-
ographic feature.

Reworked diatoms are found primarily in sediments from the
shallow bank offshore from the Ninnis Bank. The most com-
mon older diatoms found are Dent iculopsis hustedtii (late Middle
Miocene to early Pliocene), Denticulopsis lauta (lower Middle
Miocene), and Actinocyclus ingens (late Miocene to early Pli-
ocene). Less common are Actinocyclus fryxellae (late Miocene to
early Pliocene), Nitzschia delicata (late Miocene to early Pli-
ocene), Nitzschia denticuloides (mid-Miocene) and various spe-
cies of Rouxia. The distribution of reworked diatoms suggests
the possibility of Miocene/Pliocene exposures along the deeper
portion of the shelf carved out by an expanded ice sheet. Vari-
ability in downcore distribution of reworked diatoms may in-
dicate changes in the direction of deep-water currents.

The low relative abundance of Thalassiothrix antarctica in all
surface sediments examined is surprising considering that pre-
liminary microscopic analyses indicate that this species is very
abundant in the downcore laminated sections. Apparently, no
modern analog for the distribution of this species is available
from the George V Coast. Quilty, Kerry, and Marchant (1985),
however, describe the repeated finding of an extensive patch
of the similar species Thalassiothrix longissima var. antarctica in
the Prydz Bay region of Antarctica. The patch was consistently
found in late summer in the waters above the shelf-slope break,
suggesting its probable oceanographic control; the bloom may

be associated with either the null point of the Prydz Bay gyre
or with the edge of the continental shelf. This patch was dense
enough to appear as a return on their echogram, and Quilty et
al. (1985) speculate that similar patches may have been respon-
sible for inaccuracies on bathymetric charts. A similar bloom
was reported by Hendy (1937) off Enderby Land and by Hardy
and Gunther (1935) in the vicinity of South Georgia. The high
contribution of Thalassiothrix antarctica to the laminated sections
is another indication that oceanographic conditions were much
different at times in the past. More specifically, upwelling as-
sociated with the shelf-slope break may control the downcore
distribution of Thalassiothrix antarctica.

These data are preliminary. More quantitative statistical anal-
yses will be done to delineate the significance of the relative
contributions of the approximately 50 other species which are
commonly found in surface sediments from this region. Even
at this stage, however, clear relationships are observed between
geographic distributions of various diatom species and envi-
ronmental and oceanographic characteristics of the George V
Coast.

This work was supported by National Science Foundation
grant DPP 89-16712. I thank Matt Curren for assistance with
laboratory preparation of samples and John Nagy for drafting.
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