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Abstract: Two gravity cores, Gebra-1 and Gebra-2 from the central and eastern basins of Bransfield Strait,
West Antarctica, consist mainly of hemipelagic, laminated muds with black layers rich in sand-sized volcanic
ash. Micropalaeontological (diatoms and radiolarians) and geochemical (organic and inorganic) analyses,
together with radiometric dating (U/Th, *C and ?'°Pb) have been performed on both cores. AMS analyses on
Total Organic Carbon yielded a '“C-age older than expected, 2810 yr pp for the core top of Gebra-1 and 2596
yr Be for Gebra-2. The downcore pattern of ages indicates a sedimentation rate of 130 cm kyr ' for Gebra-1 and
160 cm kyr! for Gebra-2. 2'°Pb anomalies suggest the core top of Gebra-1 is present-day sediment. The diatom
and radiolarian assemblages are related to the sequence of neoglacial events over the last three millennia. The
recent significant reduction in Chaetoceros resting spores is interpreted as a reduction in palaeoproductivity.
The progressive increase in sea-ice taxa for the last three millennia may indicate a cooling trend. Greater sea-
ice coverage during the coldest neoglacial events in the Bransfield Basin, as well as in the Weddell Sea and
Bellingshausen Sea, is documented by increases in sea-ice taxa and reductions in Thalassiosira antarctica/
T. scotia resting spores, Fragilariopsis kerguelensis, the Lithomelissa group and the “circumpolar” group of
radiolarians. Forthese periods, we postulate arestricted communication between the Weddell Sea, Bellingshausen
Sea and Bransfield basin. The millenial-scale changes are overprinted by a high frequency cyclicity at about

200-300 yrs, which might be related to the 200-yr solar cycle.
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Introduction

Numerous studies on siliceous microfossils (diatoms and
radiolarians) have been conducted in the Antarctic Peninsula
region, including the Bransfield Basin. Since the pioneering
works of Karsten (1905-07), Van Heurck (1909), and Heiden
& Kolbe (1928), research in the region has primarily focused
on plankton distribution (Hasle 1965, 1969, Kozlova 1966,
Hargraves 1968, Fenner et al. 1978, Fryxell et al. 1988,
Klgser 1990, Scharek 1991), the composition of the sea ice
flora (Whitaker 1977, Krebs 1983, Gersonde 1986, Bartsch
1989), the settling assemblage (Gersonde & Wefer 1987,
Abelmann & Gersonde 1991, Leventer 1991, Abelmann
1992a, 1992b) and the sedimentary record (Kellogg & Kellogg
1987, Kim & Park 1988, Zielinski 1993, Zielinski & Gersonde
1997). Although many factors may alter the composition of
the original assemblage both during descent through the
water column and during deposition on the seafloor, these
studies have shown that siliceous microfossil assemblages
can be used as a proxy indicator of palacoceanographic
conditions (sea ice extent, primary productivity, and water
mass tracers).
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The Holocene period has been characterized by alternating
epochs of neoglacial expansion and subsequent retreat on a
scale large enough to have had a significant effect on
humankind (Garcia-Cordon 1996). Following the Last Glacial
Maximum (LGM) at 18 ky Bp a climatic optimum was
established in the Southern Hemisphere (Bjorck et al. 1996).
Afterthis climatic optimum asequence of Holocene neoglacial
episodes has been identified. One of the most significant
neoglacial events is known as the Little [ce Age (Lamb 1965).
The available data generally indicate a period of decreased
Northern Hemisphere temperatures and stronger zonal winds
between about 650 and 100 yrs ago. Data from the Southern
Hemisphere concerning changes in climate over the last
millennia include ice cores in the Andes (Momer 1984),
alpine giaciers in New Zealand and South America (Grove
1988), and moraines and tills on King George Island and the
Antarctic Peninsula (Birkenmajer 1992). Also, evidence of
these neoglacial events has been found in Antarctic marine
sediments by Leventer & Dunbar (1988) and Leventer ef al.
(1996), and in Antarctic ice cores (Barnola er al. 1995).

The world-wide occurrence of neoglacial events indicates



270

a primary astronomical forcing for climatic change. Several
studies have proposed a solar forcing of a 200 yr rhythm,
related toreduction in sunspot activity (Wigley & Kelly 1990,
Leventer et al. 1996). Wigley & Kelly (1990) found a strong
correspondence between '*C anomalies recorded in tree rings
and glacier advances in both Northern and Southern
Hemispheres. Also interesting is the work by Leventer et al.
(1996) in which the authors observed that the climatic system
along the Antarctic Peninsula oscillated with a 200-300 yr
rhythm in the late Holocene.

The main objective of this paper is to document the variability
in siliceous microfossil assemblages in Holocene sediments
of the Antarctic Peninsula area, and the relationship of this
variability to climatic data derived from terrestrial and marine
sedimentological records. A further aim is to recognize
changes in primary production, fluctuations in sea ice extent,
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and surface hydrodynamics as recorded by the downcore
distribution of microfossil assemblages.

Physical setting
Location, water masses and currents

The Bransfield Basin, a 100 km wide extensional basin,
occupies the segment of the Antarctic Peninsula between the
Hero and Shackleton fracture zones south-east of the South
Shetland Islands (Fig. 1). The Bransfield Basin is a deep
asymmetrical trough composed of three separate sub-basins
trending SW-NE (Jeffers & Anderson 1990, Gracia et al.
1995, 1996). The western Bransfield Basin (WBB) lies south
and westof Livingstonand Deception islands, has an irregular
shape and is the shallowest (<1000 m) of the three sub-basins.
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Fig 1. Core localities in the Bransfield Basin. Gebra-1 is located in the Central Bransfield Basin (CBB) and Gebra-2 in the Eastern
Bransfield Basin (EBB). Arrows indicate the different surface water masses and flow directions. G-3 and G-19 lines indicate the

seismic profiles in Fig. 2 (Canals et al. 1997).
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The ceniral Bransfield Basin (CBB) lies between Robert,
Nelson and King George islands and the north-eastern tip of
the Antarctic Peninsula. The CBB reaches a depth 02000 m
and features an axial, discontinuous volcanic ridge; numerous
scattered volcanic cones occur on the sea floor (Gracia ef al.
1995). The eastern Bransfield Basin (EBB) extends north-
eastward, south of Elephant, Clarence and Gibbs islands, and
is the deepest (2500 m) of the three sub-basins. Submarine
topography of the EBB comprises several lozenge-shaped
depressions separated by structural and volcanic highs (Gracia
et al. 1996). The Deception and Bridgeman volcanic islands
and highs separate the WBB from the CBB, and the CBB
from the EBB, respectively (Fig. 1).

Surface waters in the Bransfield Basin have two primary
sources, the Bellingshausen Sea to the west and south, and the
Weddell Sea to the east (Fig. 1). Warm, relatively fresh
waters flow north-eastward from the Bellingshausen Sea,
enter the Bransfield Basin between Snow, Smith, and Low
islands, and continue eastward, contouring Deception Island
and sweeping the slope and shelf of the South Shetland
Islands (Gordon & Nowlin 1978; Fig. 1). A large amount of
cold dense water from the Weddell Sea enters the Bransfield
Basin both south and north of Joinville and D’Urville islands,
and then flows south-westward along the coast of the Antarctic
Peninsula (Gordon & Nowlin 1978). The two currents meet
in the vicinity of Trinity Island, where they form a front of
biological significance (Amos 1987). Advection of
Circumpolar Deep Water (CPDW) from Drake Passage into
the Bransfield Basin is prevented by shallow sills that form
the western and northern boundaries of the basin. Gordon &
Nowlin (1978) have suggested that sinking surface waters
form the deep and bottom waters of Bransfield Basin. These
waters are characterized by their lower temperature and
salinity, higher oxygen content and lower nutrient
concentrations than deep waters outside the basin, although
the vertical distribution of these parameters also indicates that
there are significant differences within each sub-basin (Gordon
& Nowlin 1978).

Present sea-ice distribution and productivity

Sea-ice distribution in Bransfield Strait follows a strong
seasonal pattern. The data on annual sea-ice coverage show
a maximum winter extent north to 57°S off the Antarctic
Peninsula, but in summer Bransfield Strait is completely ice-
free (Naval Oceanography Command Detachment 1985).
Surface planktonic productivity, and therefore export
production of biogenic particles to the sediments, is restricted
to ice-free periods when it reaches one of the highest rates of
the western Atlantic sector of the Southern Ocean (Wefer
etal 1988, Abelmann & Gersonde 1991). Data from sediment
traps at 100 m depth yielded values of 1660 mgC m™day' for
Bransfield Basin and 230 mgC m2 day! in Drake Passage and
northern Scotia Sea during the same period (Bodungen ef al.
1986). As surface productivity is linked to sea ice coverage,

biogenic particle sedimentation, especially diatoms and
radiolarians, is also directly related to seasonal variations in
sea-ice extent. Using time-series sediment traps, Abelmann
& Gersonde (1991) have shown that particle flux peaks occur
during periods with open water conditions, whereas under sea
ice cover the vertical flux of siliceous organisms from the
surface waters is extremely low.

Sediment types and sources

Distinct sediment types occur in the Bransfield Basin as a
function ofbathymetry, physiography, sedimentary processes
and particle sources (Ercilla et al. 1997, Fabres e al. 1997).
Singer (1987), Jeffers (1988) and Jeffers & Anderson (1990)
have distinguished three main sediment types. The lithofacies
inshallower areas (<250 m) is represented by coarse sand and
gravel. Deposits on basinward slopes, deeper than 250 m,
generally comprise muddy sands and sandy muds. Sediments
on the basin floor are made up of three components, in order
of abundance: biosiliceous material, mostly diatoms: a
terrigenous component, quartz silt; and volcanic ash.

Most of the terrigenous sediment deposited in Bransfield
Basin comes from the Antarctic Peninsula margin, where
thick glacio-marine progradational and aggradational units
accumulated during Plio-Quaternary times (Prieto et al. in
press a, in press b). The South Shetland Islands contribute
lesser amounts of sediment. Locally, the axial volcanic
lineaments form a barrier separating depositional units of
South Shetland Islands and Antarctic Peninsula origins (Prieto
1996). The basin floor collects large amounts of planktonic
and resuspended material. This results in high sedimentation
rates for the basin floor and adjacent areas, with values
ranging between 60 and 490 cm ky' (DeMaster et al. 1987,
Van Enst 1987, Laban & De Groot 1986, Venkatesan &
Kaplan 1987, Harden et al. 1992, Domack eral. 1993, Scherer
& Leventer 1995, Leventer et al. 1996).

Comparison of these high sedimentation rates and surface
production estimates indicates that the silica accumulation
rate in Bransfield Basin accounts for approximately half of
the surface productionrate (DeMaster et al. 1987). Alteration
of the assemblages of siliceous organisms during vertical
transport through the water column results from mechanical
breakdown by grazing zooplankton and dissolution (Gersonde
& Wefer 1987). Another factor affecting the composition of
the biosiliceous signal in the sediment record is the input of
laterally transported material (Abelmann & Gersonde 1991).

Materials and methods

Gravity cores Gebra-1 and Gebra-2 were recovered during
the RV Hesperides cruise GEBRA-93 in the Bransfield Basin
at 62°35.36'S, 58°32.53'W and 61°56.56'S, 55°10.21'W,
respectively;i.e., in the central and eastern sub-basins (Fig. 1).
The two cores come from sites of continuous draped
sedimentation, which results in stratified seismic facies, as
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observed on Bottom Parametric Source very high resolution
seismic profiles (Fig. 2). Core Gebra-1 is 251 cm long and
was taken south of King George Island, at 1652 m depth,
below the path of the Bellingshausen Sea waters entering
Bransfield Basin. Core Gebra-2, 454 cm long, comes from
1106 m depth, under the influence of both Bellingshausen Sea
and Weddell Sea surface waters (Fig. 1). Both cores are
dominated by biosiliceous material. They were described on
board ship and sampled every S cm for sedimentological and
geochemical analyses, and every 10 c¢m for micro-
palaeontological studies.

Total organic carbon (TOC) and nitrogen content were
determined in a Fisons model NA 1500 elemental analyser.
For TOC, decalcified samples were used, while untreated
samples were employed for nitrogen content determination.
A modified Mortlock & Froelich (1989) extraction procedure
was used tomeasure the biogenic silicacontent. Thistechnique
consists of a single alkaline extraction with 2M Na,CO, over
5 hours at 85°C. The solutions obtained were analysed by
ICP-AES (Inductive Coupled Plasma- Atomic Emission). The
spectrometer used was a Polyscam™ G1 E (Thermo Jarrel
Ash Corporation), which is a multiclemental apparatus with
acrossflow nebulizer and an acceleration potential of 1150 V.

Cleaning of the sediment samples and the preparation of

permanent mounts for light microscopy were done according
to the settling technique described by Abelmann ef a/. (in
press). Absolute diatom numbers were determined from
slides with randomly distributed microfossils. For counting,
a Zeiss Axioplan microscope at 1000X magnification was
used. A count of at least 400 diatom valves per sample was
performed using the method of Schrader & Gersonde (1978).
The preservation status of the fossil assemblage was estimated
by visual examination. A modified Sanfilippo ef al. (1985)
technique was used to study the radiolarian component. The
carbonate content as well as the organic matter were removed
from the sample, which was then sieved through a 36 mm
mesh. Radiolarian counts (minimum 400 indivuduals) were
done under a Zeiss microscope at several magnifications
(125X, 250X and 500X).

Age of the sediments

Only a few of the many cores recovered in Bransfield Basin
contain pre-Holocene sediments (Singer 1987, Harden ef al.
1992). Since the widely recognised pre-Holocene diatom
marker species Eucampia antarctica(Castr.) Mang. (Burckle
& Cooke 1983, Burckle 1984, Burckle & Burak 1988) was
not found in the two Gebra cores, they are likely tobe younger
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Fig 2. Seismic profiles G-3 and G-19 (Bottom Parametric Source very high resolution profiles), from the CBB and EBB. Location of core

sites is indicated by arrows.
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than 18 ka. Three differentradiometric techniques, 2°Th/>*U
and AMS '“C chronology and *'°Pb excess, have been used to
determine the age and sedimentation rates of the cores.

2oTh/*U radioactivity, analysed in core Gebra-2, was
quite stable along the core, indicating a sedimentation rate
higher than 80 c¢m kyr!. Three levels in each core were
sampled for AMS "“C dating on Total Organic Carbon(Table 1,
Fig.3). The near-surface ages were older than expected, 2796
+ 34 yr Bp for the sample at 25 cm in core Gebra-2 and 2985
+ 39 yr sp for the sample at 28 cm in core Gebra-1. Despite
this, the ages display a clear downcore pattern indicating a
linear sedimentation rate of 160 cm kyr! for Gebra-2 and
130 cm kyr! for Gebra- 1, in agreement with the accumulation
rates given in the literature (Fig. 3a & b). The accumulation
rate is higher in core Gebra-2, under the influence of the
higher productivity of the cold Weddell Sea water.

Core top ages extrapolated from linear sedimentation rates
are 2810 yrs for Gebra-1 and 2596 for Gebra-2. These are of
the same order of magnitude as those obtained by Harden
etal.(1992), Domack et al. (1993) and Leventer et al. (1996)
in the Antarctic Peninsula region. Radiocarbon dating of
Antarctic sea water samples and marine organisms has yielded
anomalously old ages of up to 2860 yrs (Stuiver ef al. 1981).
Two main effects have been considered to explain the high
ageofthe sediments: the large and regionally variablereservoir
effect of 1200-1400 yrs (Stuiver e al. 1981, Berkman et al.
1998, Ingolfsson er al. 1998) and possible inputs of older
eroded sediment, transported by currents or by ice rafting.
The input of terrestrial organic matter is considered
insignificant, since most of the organic matter present in the
sediments is derived from primary local producers (Venkatesan
& Kaplan 1987).

219ph was determined by y-spectrometry in an n-type high
purity germanium detector (courtesy of Dr B. Quintana,
University of Salamanca). Preliminary data indicate an

Conventional 14C age (ky)
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Table I. C conventional ages of the three samples from each core.

Core Depth (cm) “C conventional age (yrs)

Gebra-1 28-29 2585+ 39
135-136 3959 + 47
240-241 4646 + 37

Gebra-2 25-26 2796 + 34
225-226 3916 + 36
440-441 538539

excess 2'°Pb activity in the first 10 cm of core Gebra-1, while
in the first 10 cm of Gebra-2 *'°Pb is in equilibrium with other
radionuclides. These preliminary data allow us to interpret
the core top of Gebra-1 as belonging to the last sixty years,
while Gebra-2 could be somewhat older. Therefore, we
consider that at least 50 cm of Gebra-2 (corresponding to the
industrial period of human activity) could have been lost
during the coring process.

Results
Diatoms

High numbers of diatom valves per gram of dry sediment
were observed in both cores, ranging from 1x10%-35x10%
Diatom assemblages are dominated by Chaetoceros resting
spores (RS, 65-90% of the total). The rest of the assemblage
includes taxa such as Fragilariopsis curta (V. Heur) Hasle,
F. cylindrus (Grun.) Hasle, F. obliquecostata (V. Heur)
Hasle, F. sublinearis (V. Heur) Hasle and F. vanheurckii
Hasle. These species have been grouped as sea-ice taxa since
all ofthem live inthe sea ice and/or sea-ice related environments
{Gersonde 1986, Zielinski & Gersonde 1997). Another
interesting component of the diatom assemblage is
Thalassiosiraantarctica Comber/T. scotia Fryxell and Hoban
in the resting spore stage (RS). These species are open-ocean

Conventional *C age (ky)
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forms which are more abundant in the Weddell and Scotia
Seas than in the Bransfield Basin area; their occurrence in the
Bransfield Basin has been related to ingressions of cold
Weddell Sea surface waters into the area (Abelmann &
Gersonde, 1991). Species such as Fragilariopsis kerguelensis
(O'Mea.) Hasle, Rhizosolenia spp., Proboscia alata
(Brightwell) Sundstrom, Thalassiosira gracilis (Karsten)
Hustedt, 7. gravida Cleve, T. oliverana (O'Mea.) Sour.,,
T trifultaFryxell, T. tumida(Jan.) Hasle, etc. are also common
components of the fossil diatom assemblage. Tables Il & 111
give the absolute and relative abundances. The species
distribution in both cores as well as their relative abundance
are in agreement with the values in the literature for the
Bransfield Basin area (Gersonde & Wefer 1987, Wefer et al.
1988, 1990, Abelmann & Gersonde 1991, Leventer 1991,
Zielinski 1993, Zielinski & Gersonde 1997).

Diatom abundance data are shown in Fig. 4. The large
numbers of Chaetoceros RS in the sediments tend to mask the
signal of the rest of the assemblage. In general, the abundance
of Chaetoceros RS in core Gebra-2 tends to decrease toward
the top. Maximum values occur in the lower part, with lower
values from 265 to 185 cm and a minimum at the top. In
Gebra-1 there is an irregular decrease in abundance from
100 cm to the core-top. The abundance pattern of the sea-ice

Table II. Abundance of the most significant diatom groups in core
Gebra-1.

Depth valves  Ch  Sea-ice  F.ker Tant  Rhspp. Oth

(cm) /gdry RS% taxa% RS% /Tsco % %
sed (x10%) %

i 033 7434 6.95 0.96 10.1 1.20 6.47

1 047 7485 114 2.99 3.89 1.20 5.69

21 1.39 9286 2.60 0.65 1.30 0.43 2.16
31 119  78.04 5.84 2.80 4.44 3.50 5.37
41 0.76  81.37 7.28 236 4.07 1.28 3.64
51 234 84.04 5.49 1.50 4.24 1.25 3.49
6l 3.65 90.04 737 0.40 0.80 0.20 1.20
71 082 7742 7.96 237 495 2.58 4.73
81 123 8277 7.58 1.33 3.03 0.57 4.73

91 142 90.77 4.05 0.90 113 0.23 293
101  1.12  91.87 3.77 0.40 0.99 0.20 2.78
L 077 8931 3.09 1.90 0.95 1.19 3.56

121 070  85.22 7.92 0.79 2.64 0.26 3.17
131 061  80.50 4.13 2.98 5.50 0.46 6.42
141 323 9144 3.15 0.68 0.68 0.23 3.83
151 0.82 8136 6.82 2.05 4.09 0.91 4.77
161 126 82.56 5.52 1.55 4.86 0.88 4.64
171 208 8706 4.00 2.12 1.18 3.06 2.59
181 077  88.20 3.22 0.64 4.94 0.86 2.15
191 1.06 81.58 3.59 2.63 5.02 1.44 5.74
201 068 7794 4.58 2.29 4.87 2.58 7.74
211 0.65 78.62 5.41 2.46 3.93 3.93 5.65
221 192 89.65 393 0.83 1.04 2.48 2.07
231 0.88 8532 398 1.00 2.49 4.98 2.24
241 078 85.75 2.85 0.52 4.66 3.11 3.11
251 0.43  91.19 4.76 0.24 0.95 1.19 1.67

group reflects the opposite behaviour to that observed in
Chaetoceros RS. Inboth cores, sea-ice taxa increase from the
base to the top, reaching maximum values at 10-20 c¢m, but
with subsidiary maxima and minima (Fig. 4).

Table IIL. Abundance of the most significant diatom groups in core
Gebra-2

Depth valves Ch  Sea-ice F.ker Tanmt Rhspp. Oth

(cm) /gdry RS% taxa% RS% /Tsco % %
sed (x10%) %

1 094 65.01 6.71 4.66 7.87 233 134

10 293 7296 118 3.00 2.15 1.72 8.37

20 2.84  80.00 8.33 2.92 333 0.21 5.21

30 322 79.82 8.97 1.79 3.14 3.14 314

40 287  76.04 8.54 1.88 2.92 3.96 6.67
45 375  79.68 7.45 1.81 4.29 2.03 4.74

50 413 89.69 3.81 1.35 1.35 179 2.02
60 2.16  78.02 8.41 2.80 1.72 1.29 7.76
70 4.07 84.78 6.34 1.69 1.27 1.27 4.65

75 4.67  83.00 6.71 2.46 0.89 3.36 358
80 257 8223 7.29 0.91 2.28 2.05 5.24
85 269  83.90 7.84 212 2.75 0.21 3.18
95 630  79.96 7.13 1.78 2.67 2.67 579
100 7.04 87.34 5.87 0.73 110 092 4.04
110 513 84.21 8.37 0.72 2.87 0.48 335
120 184 8539 4.94 1.35 228 1.80 427
130 502 83.64 8.4] 1.59 227 023 3.86

135 514  88.00 533 1.56 2.00 1.56 1.56
140 316  86.61 5.18 1.94 1.51 t.51 324
150 553 8533 5.79 1.35 1.16 2.12 4.25
160 190 78.86 7.60 1.90 2.38 2.38 6.89
170 558  89.33 3.75 0.56 1.12 1.2 4.12
180 293  86.61 4.60 0.84 1.67 1.26 5.02
190 425 84.26 5.18 1.99 1.59 1.59 5.38
200 1.82 7250 8.41 3.64 5.00 432 6.14
210 6.08 85.09 4.97 2.69 2.28 1.45 3.52

220 2115 79.96 4.64 0.84 422 5.06 5.27
230 566 83.04 5.01 1.73 2.50 1.54 6.17
240 253  76.89 7.34 1.51 3.46 4.54 6.26

250 567 7670 103 1.03 2.47 2.89 6.60
260 253  81.18 5.34 1.97 1.97 3.37 6.18
270 673  85.03 7.10 1.92 1.92 0.19 3.84
280 560 84.40 5.56 1.71 1.92 0.85 5.56
290 379  83.00 4.66 223 2.02 2.83 5.26
300 9.10  88.59 6.22 0.62 0.00 1.66 2.90
310 529  81.67 6.03 L.62 1.39 3.48 5.80
320 344 8797 6.02 0.50 2.26 1.00 2.26
330 494 8770 5.61 1.08 1.08 1.63 2.89
340 503 8419 5.54 123 .85 2.67 4.52
350 395 8545 3.84 2.02 3.43 2.02 3.23
360 403 876l 4.65 0.44 1.55 332 243
370 355 84.37 5.78 1.07 3.21 2.36 321
380 332 88.86 4.55 0.91 1.82 1.14 2.73

390 4.09 8891 3.70 0.92 3.70 0.46 231
400 0.86 86.78 3.31 0.55 3.86 1.10 4.4}
410 5.09 8721 4.58 0.38 1.91 248 3.44
420 196 8277 5.67 2.10 4.62 2.10 273
430 399 8737 4.71 1.50 2.57 1.07 2.78
440 339  84.06 5.80 1.93 2.90 0.48 4.83
445 282  89.0t 4.02 1.34 2.14 0.80 2.68

Ch = Chaetoceros; F.ker= Fragilariopsis kerguelensis; T.ant/T.sco =
Thalassiosira antarctica/T. scotia; Rh = Rhizosolenia; Oth = others.

Ch = Chaetoceros, F.ker = Fragilariopsis kerguelensis: T.ant/T sco =
Thalassiosira antarctica/T. scotia; Rh = Rhizosolenia; Oth = others.
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Fig 4. Diatom abundance (% of the assemblage) in Gebra-2 and Gebra-1. Thicker line indicates a three-point smoothing.

In Gebra-2, T antarctica/T. scotia resting spores show an
inverse relationship to the Chaetoceros RS abundance curve
and have a quasicyclic downcore distribution. Three maxima
are observed: from the core base to 350 cm, between 240 and
190 cm, and from 50 cm to the core top. Thalassiosira
antarctical/T. scotia RS and the sea-ice taxa group seem to be
inversely correlated in the lower part of the core, from the
base to 320 cm, while both curves seem to covary from 190
cm to the top. In core Gebra-1, T. antarctical/T. scotia RS
show twomaxima in abundance atapproximately 205-180cm
and at the core top respectively (Fig. 4).

Fragilariopsis kerguelensis is less abundant than
T. antarctica/T. scotia RS. In both cores, its abundance
changes are parallel to, but quantitatively less important than,
those found for T. antarctica/T. scotia RS. The highest
abundances in both cores are only 3.5% of the entire
assemblage (Fig. 4), approaching the error margins of the
counting method. Other authors have found that this taxon
accounts for less than 2.5% of the diatom assemblage from
Bransfield Basin (Gersonde & Wefer 1987, Leventer 1991,
Abelmann & Gersonde 1991).

Radiolarians

Values ofradiolarians per gram of dry sediment range between
5 x10* and 23 x10°. More than 40 radiolarian taxa were
identified. While typical circumpolar species such as
Cycladophora davisiana Ehrenberg or the Antarctissa
denticulata (Ehrenberg) Petrushevskaya /strelkovi
Petrushevskaya group are rare in both cores, 80% of the total
radiolarian assemblages is composed of three species that
haveabipolardistribution; Plectacantha oikiskos (Jorgensen),
Phormacantha hystrix (Jorgensen) and Lithomelissa setosa
(Jorgensen). The known distribution of these three species
with respect to the water masses allowed us to classify them
within two ecological groups; the Phormacantha/Plectacantha
group and the Lithomelissa group. Radiolarian abundance
data are given in Fig. 5 and Tables IV & V.

The Phormacantha/Plectacantha group hasbeen considered
as a coastal indicator (Abelmann 1992a). In cores Gebra-1
and Gebra-2 it constitutes 40-70% of the total assemblage.
The Lithomelissa group accounts for 15-40%. The
Lithomelissa group has been related to pelagic conditions
since species of the genus Lithomelissa are associated with
the colder water from the Weddell Sea (Abelmann 1992a,
1992b).
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The general trend of the Lithomelissa group in Gebra-2 is
to decrease towards the top of the core. Maximum values
occur below 382 cm. Two minima were recorded, from
302 cm to 262 ¢m and from 112 cm to 82 cm (Fig. 5). The
Phormacantha/Plectacantha group abundance is inversely
correlated withthe Lithomelissagroup. The abundance patterns
ofthe Lithomelissagroup and the Phormacantha/Plectacantha
group in core Gebra-1 a are cyclic and inversely correlated
(Fig. 5).

Typical circumpolar species such as Antarctissa denticulata
and A. strelkovi are rare in both cores, where the genus
Antarctissa accounts for less than 3% of the entire assemblage.
Larcopyle buetschlii Dreyer, which is related to warmer
waters (Molina-Cruz 1977), also has low values (below 5% of
the entire assemblage). These species have been considered
as the “circumpolar group” since all of them prefer warmer or
circumpolar waters (Tables IV & V, Fig. 5).

Organic carbon, nitrogen and biogenic opal

The mean TOC content is 1.19% for Gebra-1 and 1.15% for
Gebra-2 (Fig. 6). The mean nitrogen content is almost the
same for both cores: 0.18% in Gebra-1 and 0.19% in Gebra-2.
In contrast, the mean biogenic opal content is higher in
Gebra-2 (22.63%) than in Gebra-1 (16.73%).

The overall patterns of the three organic components are

GEBRA-2

Phormacantha/Plectacantha Group Lithomelissa Group

M. ANGELES BARCENA et al.

very well correlated, and the most striking features are recorded
by all three components (Tables VI & VII, Fig. 6). The main
features of Gebra-1 are an increase in TOC, N and biogenic
silica from the base of the core to 200 cm, a gradual but
irregular decrease up to 120 cm, then three well-defined
peaks at 90, 50 and 30 cm. Gebra-2 has variable values of
TOC, N and biogenic silica from the base of the core up to a
minimum at 300 cm, and a broad peak followed by aminimum
at 180 cm. The uppermost 120 cm displays a series of more
or less symmetrical cycles with a thickness of 20-30 cm. The
peak in biogenic silica at 365 cm is a diatom coze layer. Yoon
etal. (1994) observed a similar diatom ooze in several gravity
cores from the CBB, which they used to correlate the cores.

Discussion

We have constructed an age model for the two cores based on
a combination of radiocarbon ages, 2'°Pb determination and
microfossil evidence. The '“C ages given for both cores are
in agreement with other cores recovered in the studied area.
The *°Pb analyses indicate the core top of Gebra-| is recent,
while the coretop of Gebra-2 is at least 150 yrs older. Gebra-2
also shows an exceptionally high amount of sea-ice taxa at the
core top (around 10%; Fig. 7), which is not in agreement with
current climatic conditions, but rather with colder conditions.
The age model, in calendar years, is given in Fig. 7; note that
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TablelV. Abundance of the most significant radiolarian groups in core
Gebra-1.

Table V. Abundance of the most significant radiolarian groups in core
Gebra-2

Depth Rads/gr dry Phorm./Plect.  Lithomelissa Circumpolar
(cm) (x10%) Group% spp% Group%
{ 0.81 32.00 16.00 8.00
11 6.89 65.56 25.31 0.41
21 7.95 55.96 28.44 2.45
31 19.53 59.22 32.95 1.61
4] 10.21 63.51 26.01 3.38
51 14.80 61.57 25.98 1.07
61 9.64 53.66 30.49 3.17
71 15.70 68.48 20.63 1.72
81 17.44 68.26 20.65 1.81
91 6.91 70.68 17.59 1.63
101 8.73 72.42 18.82 1.29
111 7.32 68.77 21.07 1.53
121 4.85 69.84 21.69 0.53
131 5.47 46.91 39.51 1.65
141 15.84 51.14 38.64 1.51
151 9.00 61.60 26.24 2.21
161 20.25 64.44 22.44 2.00
171 15.48 62.40 27.52 1.55
181 9.36 55.29 30.53 3.12
191 14.58 57.41 27.47 4.01
201 20.70 66.74 21.52 2.83
211 9.00 71.75 19.00 1.25
221 14.35 74.61 17.56 1.57
231 19.39 73.32 16.47 1.39
241 13.90 66.34 2330 2.27
251 9.58 70.89 18.08 3.29

the absence of a precise reservoir correction for the '*C ages
could induce some errors in dates.

Wigley & Kelly (1990) recognised six cold periods in the
last three millennia, based on glacier advances and retreats as
well as on '“C anomalies in tree-rings (Fig. 7). Those periods
have been interpreted as neoglacial events similar to the
Little Ice Age. Leventer et al. (1996) related variations in
magnetic susceptibility in cores to climatic cooling events
during the Holocene, and considered that those colder events
could correspond to minimum sun spotactivity. The variations
in the siliceous microfossil abundance patterns of Gebra-1
and Gebra-2 seem to be closely related to Holocene neoglacial
global events. Figure 7 shows the relationship between those
events and the abundance pattern of Chaetoceros RS and sea-
ice taxa. Higher values of sea-ice taxa are in phase with
glacial advances characterized by minimum values in
Chaetoceros RS. The calendar years given in this paper are
subject to considerable uncertainty, but we have tentatively
identified six cold periods in core Gebra-2, and four in
Gebra-1 (Fig. 7). Therefore, changes in species composition
reflect changes in environmental conditions, e.g. water masses
and sea-ice coverage.

Significance of diatoms in Bransfield Basin

Chaetoceros RS may be well preserved in sediments; resting
spores are capable of surviving for lengthy periods under

Depth Rads/grdry = Phorm./Plect.  Lithomelissa Circumpolar
(cm) (x10%) Group% spp% Group%
2 8.82 46.55 27.80 3.66
12 11.15 54.17 19.42 3.4)
22 12.76 51.06 26.52 1.83
32 13.08 47.25 32.11 3.82
42 16.80 59.52 26.31 345
52 13.61 56.35 25.13 3.17
62 11.31 53.93 27.60 2.97
72 22.94 63.65 23.60 3.01
82 15.37 61.83 22.01 3.28
92 16.57 63.99 17.89 4.59
102 21.00 63.36 16.48 3.68
112 9.18 56.67 22.55 274
122 10.71 56.97 27.73 2.02
132 6.82 48.02 28.23 6.33
142 18.02 53.50 29.08 222
152 19.17 49.33 32.63 249
162 11.66 50.92 27.45 3.49
172 14.98 55.62 24.74 4.54
182 11.37 53.45 24.38 4.19
192 12.03 57.35 27.80 3.16
202 14.04 52.34 3294 3.04
212 16.83 55.76 27.09 4.29
222 13.44 63.11 23.20 232
232 11.34 671.77 17.99 225
242 11.05 57.96 29.94 3.50
252 11.96 56.86 23.41 2.01
262 11.75 61.41 21.75 3.06
272 9.29 64.54 21.51 4.46
282 19.85 5722 25.45 3.64
292 8.66 65.06 17.47 279
302 5.40 51.06 32.40 3.87
312 18.18 70.69 17.23 1.78
322 19.62 59.82 29.54 1.65
332 12.04 66.31 28.08 0.86
342 14.08 50.72 32.13 5.56
352 11.83 57.76 27.30 2.59
362 9.58 48.87 24.81 4.14
372 9.62 55.30 32.69 2.30
382 9.62 47.27 33.20 391
392 13.43 53.60 32.53 3.20
402 11.63 52.22 32.60 4.43
412 11.74 42.88 4434 243
422 11.41 37.22 4574 5.36
432 8.91 44 .85 36.97 3.84
442 13.43 43.57 37.00 295

adverse conditions (low nutrients, low light, etc.), and their
formation is thought to be induced by stress in environmental
conditions: low light intensity (KI6ser 1990), nutrient depletion
{Leventer 1991) or stable water masses (Leventer ez al. 1996).
The formation of resting spores is mainly associated with
neritic environments and their massive production is related
tothe latest stages of diatom blooms (Leventer 1991). Massive
sedimentation of Chaetoceros RS may control the high
accumulation rates of biogenic silica in Antarctic sediments
(DeMaster et al. 1987, Bareille er al. 1991); thus, high
concentrations of Chaetoceros RS in the Bransfield Basin
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Table V1. The total organic carbon (TOC), nitrogen, and biogenic silica content in Gebra-1.

Fig 6. Total organic carbon,
nitrogen and biogenic silica
values obtained from cores
Gebra-1 and Gebra-2.
Thicker line indicates a two
points smoothing.

Nitrogen %

Biogenic % silica

Depth (cm) TOC% Nitrogen % Biogenic % silica Depth (cm) TOC%
0 1.14 0.13 12.20 130 1.10
5 113 0.14 14.85 135 1.21
10 0.99 0.12 14.55 140 1.22
15 1.17 0.13 14.3% 145 1.25
20 1.21 0.14 17.29 150 1.23
25 1.20 0.18 17.80 155 1.20
28 1.46 0.16 22.93 160 I.15
30 1.30 0.14 19.48 165 1.25
35 1.00 0.11 16.54 170 1.28
40 1.17 0.14 16.83 175 1.16
45 1.19 0.16 18.98 180 1.18
50 1.45 0.18 22.00 185 1.27
55 1.39 0.16 19.69 190 1.16
60 1.26 0.14 17.19 195 1.36
65 [.18 0.13 14.00 196 1.46
70 1.20 0.13 11.83 200 1.04
75 1.38 0.17 17.27 205 1.09
80 1.29 0.16 17.10 210 1.10
85 1.35 0.17 16.47 215 1.31
90 1.48 0.16 15.56 220 1.14
95 1.15 0.14 19.36 225 0.91
100 1.43 0.16 16.73 230 1.17
105 1.35 0.14 13.24 235 1.03
110 1.19 0.13 17.03 240 1.23
ils 0.97 0.11 14.13 245 1.08
120 1.29 0.14 18.01 247 0.26

125 1.17 0.15 17.65 250 0.72

0.15
0.16
0.15
0.14
0.14
0.12
0.12
0.15
0.13
0.12
0.17
0.16
0.17
0.17
0.18
0.15
0.13
0.14
0.14
0.16
0.11
0.12
0.11
0.16
0.14
0.03
0.11

14.29
16.62
17.82
21.59
17.23
18.49
18.14
19.76
18.96
17.63
16.19
20.12
17.94
20.50
2411
14.90
14.46
15.50
17.38
18.69
12.71
15.45
14.16
17.25
15.30

4.6
10.70
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Table VII. The total organic carbon (TOC), nitrogen, and biogenic silica content in Gebra-2.

Depth (cm) TOC % Nitrogen % Biogenic % silica
0 1.11 0.17 17.58
5 1.13 0.18 21.49
10 1.14 0.18 20.21
15 1.08 0.17 18.61
20 1.12 0.17 19.97
25 1.16 0.19 23.81
30 1.21 0.19 23.81
35 1.25 0.18 2532
40 1.20 0.19 24.59
45 1.13 0.18 19.68
50 1.11 0.19 20.99
55 1.41 0.21 22.59
60 1.27 0.15 19.61
65 1.06 0.13 18.28
70 1.15 0.17 19.54
75 1.30 0.22 23.33
80 1.37 0.20 24.25
85 1.29 0.18 2393
90 1.23 0.19 22.88
95 1.18 0.17 21.79
100 1.17 0.18 20.32
105 1.13 0.17 22.56
110 1.13 0.19 24.11
115 1.10 0.17 21.55
120 1.13 0.18 20.59
125 1.12 0.20 19.76
130 1.12 0.18 21.43
140 1.11 0.16 20.96
145 1.11 0.17 20.51
150 1.16 0.18 20.87
155 1.24 0.18 21.36
160 1.10 0.19 21.59
165 1.13 0.19 22.07
170 1.07 0.17 18.54
175 1.07 0.16 20.27
180 1.0§ 0.17 20.58
185 1.09 0.17 19.41
190 1.05 0.16 21.79
195 1.13 0.17 24.99
200 1.11 0.16 23.57

205 1.20 0.17 24.87
210 1.16 0.20 22.53
215 1.15 0.18 23.51
220 1.18 0.18 24.23

Depth (cm) TOC % Nitrogen % Biogenic % silica
225 1.18 0.18 24.06
230 1.15 0.19 23.81
235 1.20 0.18 23.68
240 1.20 0.19 22.56
245 1.25 0.20 23.18
250 1.18 0.19 22.96
255 I.15 0.19 22.44
260 1.10 0.16 23.58
265 1.21 0.17 21.68
270 113 0.20 25.36
275 1.16 0.19 22.49
280 1.15 0.19 24.32
285 1.07 0.18 18.84
290 1.14 0.16 22.45
295 1.16 0.21 23.49
300 0.85 0.15 19.28
305 1.14 0.19 2293
310 1.21 0.18 25.09
315 1.24 0.17 26.43
320 1.17 0.20 24.69
325 1.18 0.18 25.67
330 0.98 0.17 21.69
335 1.16 0.16 27.58
340 1.13 0.17 24.29
345 1.18 0.17 25.09
350 1.10 0.22 22.42
355 1.16 0.24 25.87
360 111 0.18 2343
365 1.17 0.17 48.22
370 1.03 0.19 22.60
375 1.16 0.19 22.75
380 1.22 0.22 25.64
385 .14 0.21 2242
390 1.29 0.20 25.06
395 113 0.19 24.45
400 1.09 0.20 24.60
405 1.10 0.20 24.76
410 1.12 0.20 25.7t
415 112 0.21 23.07
420 1.15 0.20 22.28
425 1.13 0.19 23.29
430 I.14 0.20 23.23
435 1.18 0.18 23.70
440 1.16 0.21 21.82
443 1.08 0.18 22.96

sediments suggest that bloom conditions have occurred
repeatedly. The abundance patterns of Chaetoceros RS in
cores Gebra-1 and Gebra-2 agree with the high productivity
values previously reported in Bransfield Basin (Wefer et al.
1988, Abelmann & Gersonde 1991, Bodungen et al. 1986).
During much of the time represented, surface productivity in
Bransfield Basin seems to have been much higher than today.
The general trend is a progressive decrease in abundance
towards the present (Fig. 7). Scherer & Leventer (1995)
observed a similar pattern in Chaetoceros RS abundance,
which they interpreted as a reduction in primary productivity
from the last several thousand years to the present.

Another important component of the diatom assemblage is

comprised of the sea-ice taxa, used as a tracer of sea-ice extent
by Gersonde (1986) and Gersonde et al. (1992). Zielinski &
Gersonde (1997) reported a coincidence between the winter
sea-ice extent in the Weddell and Scotia Seas and the northern
boundary of significant occurrences of sea-ice taxa in surface
sediments. This distribution was observed in the open ocean
as well as in neritic environments such as those around
northern Antarctic Peninsula. Abelmann & Gersonde (1991)
observed in Bransfield Strait that during periods of sea-ice
cover the vertical flux of biosiliceous particles was very low,
and that maximum values of sea-ice taxa are reached during
and after ice retreat. Intervals of increased sea-ice taxa in
cores Gebra-1 and Gebra-2 suggest more extensive sea-ice
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cover, both spatially and seasonally (Fig. 7). Inter-neoglacial
periods were characterized by increases in Chaetoceros RS
and by decreases in sea-ice taxa. Warmer temperatures and
shorter sea-ice coverage periods would have been re-
established in Bransfield Basin and the palaeoceanographic
regime might have been similar to that observed today. The
progressive increase in sea-ice taxa for the last three millennia
seems to indicate a cooling trend. A similar pattern was
observed by Leventer et al. (1996).

Thalassiosiraantarctica/T. scotia RS are open-ocean forms
which are more abundant in the Weddel! and Scotia seas than
in the Bransfield Strait area, although they have been reported
frequently in both sediment traps and in surface sediments of
the Bransfield Basin (Bodungen et al. 1986, Gersonde &
Wefer 1987, Klaser 1990, Wefer ef al. 1990, Abelmann &
Gersonde 1991, Béarcena & Flores 1991, Zielinski 1993,
Zielinski & Gersonde 1997). Significant changes in
T antarctica/T. scotia RS abundance may be related to
oceanographic changes, in particular to the entrance of cold
waters from the western Weddell Sea into Bransfield Strait
(Eiseleeral. 1986). Whereas in Bransfield Straitarea neoglacial
episodes would have been characterized by shorter summers
with sea-ice retreat, the western Weddel! Sea would have
been covered by sea-ice even during the summer. This would
have prevented the development of T. antarcticalT. scotiaRS
since they require open water areas, and hence the supply of
T. antarctica/T. scotia RS into Bransfield Basin would have
been severely reduced.

Fragilariopsis kerguelensis, a characteristic species of the
Antarctic Circumpolar Current (ACC) (Fenner et al. 1976,
Burckle 1984, 1987), is common in surface sediments of the
Southern Ocean (Zielinski 1993, Zielinski & Gersonde 1997).
It dominates the sediment trap assemblages and surface
sediments of Drake Passage (Gersonde & Wefer 1987,
Leventer 1991, Abelmann & Gersonde 1991) but forms less
than 2.5% of the assemblage in Bransfield Basin. In the
planktonic assemblage, Nothig (1988) reported a preferential
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distribution of F. kerguelensis outside of Bransfield Basin.
For these reasons, Leventer (1991) related the distribution of
F. kerguelensis in Bransfield Basin to the incoming of water
from the west (either the Bellingshausen Sea, or the ACC),
using its abundance pattern to trace surface water currents. In
Gebra-2 and Gebra-1, the abundance of this taxon is lower
where sea-ice taxa reach their maxima. Fragilariopsis
kerguelensis shows parallel shifts in abundance (but of lower
amplitude) to those shown by T. antarctica RS (Fig. 8).
Therefore, these two diatom groups, T antarctical/T. scotia
RS and F. kerguelensis, may be used to delineate
oceanographic changes in Bransfield Basin.

Significance of radiolarians in Bransfield Basin

Asseen for the diatoms, the annual radiolarian flux in settling
assemblages occurs over a short time interval during the
summer, when open-water conditions prevail. This flux is
therefore strongly controlled by the sea-ice cover (Abelmann
1992a). According to that author, the Phormacanthal
Plectacantha group is the main component of the coastal
assemblage, preferring aneritic cold water habitat. In sediment
traps located south of King George Island, Abelmann (1992a)
documented a significant increase in this group, together with
an increase in lithogenic components, towards the deeper part
of the water column. This observation allowed him to relate
the presence of the group in Bransfield Basin to lateral
transport by turbidity currents from fjords and a rough
continental shelf. From our observations, the maximum
abundances of this group in the two Gebra cores would
characterize oceanographic conditions similar to those
observed today.

In the Bransfield Basin area, the Lithomelissa group is the
main constituent of the pelagic assemblages while typical
circumpolar species from the genus Antarctissa are rare.
Abeimann (1992a) related the Lithomelissa group to the
entrance of cold waters from the western Weddell Sea into
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Fig 8. Diatom and radiolarian abundance patterns, with geochemical data and their relationship to the Holocene neoglacial episodes.
Maxima for the “circumpolar” radiolarian group occur during the interneoglacial events, while maxima in TOC, nitrogen and biogenic

silica occur mainly during the neoglacial episodes.

Bransfield Strait. Therefore, low amounts of circumpolar
species may characterize the normally restricted oceanographic
conditions of Bransfield Basin, while higher values for the
Lithomelissa group would suggest the entrance of cold water
from the Weddell Sea. We consider the circumpolar group
(composed by A. denticulataand L. buetschlii)to indicate the
entrance of warmer waters from the ACC and/or the
Bellingshausen Sea. Thus, increases in this group reflect
inputof warmer waters from the west. The opposite behaviour
of the circumpolar group and of the sea-ice diatom taxa also
suggests a restricted communication between the Bransfield
Basin and the ACC. During maximum sea-ice extension, a
reduced number of radiolarians from other basins entered
Bransfield Basin (Fig. 8).

Sediment geochemistry

Values for biogenic silica, nitrogen and TOC are of the same
order of magnitude as those recorded in the literature

(Figs6 & 8; Yoon et al. 1994, Leventer et al. 1996). Leventer
et al. (1996) observed that higher TOC is associated with
drops in magnetic susceptibility, and related this to warmer
climatic conditions. Inthe present study, maxima in TOC and
nitrogen content are mainly related to the neoglacial events,
in contradiction to the pattern observed by Leventer et al
{1996; Fig. 8). Accordingto Yoon et al. (1994) high TOC in
Bransfield Strait sediments is associated with increased
palaeoproductivity in surface water rather than with an anoxic
depositional environment. Jordan & Pudsey (1992) and
Leventer et al. (1996) postulated that close to the receding ice
edges, as a result of the sea ice melting and increased upper
water column stratification, high planktonic cell density
occurs. Under these conditions, the large amount of biogenic
material produced flocculates and descends rapidly as
aggregates to the seafloor, preventing organic matter
dissolution. A similar situation is thought to have occurred
for Gebra-1 and Gebra-2; a high amount of biogenic particles
produced and precipitated during the sea-ice melting would
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preserve the organic matter at the sea floor during neoglacial
stages. Although during inter-neoglacial episodes surface
productivity could be higher for the entire season, the settling
of biogenic particles might have been less concentrated, with
more of the organic matter exposed to oxidation.

High-frequency cycles

The cyclicity in the two Gebra cores can be assessed from the
19C dates (Fig. 3), even in the absence of a very precise
reservoir correction for the '“C ages. Assuming a constant
sedimentation rate between each age control point of Gebra-2,
the application of a Blackman-Tuckey spectral analysis
routines (Analyses series 1.1, Paillard et al. 1996) on different
diatom and radiolarian taxa and on TOC%, N% and biogenic
silica contents results in a dominant periodicity of 230 yrs,
using a Bartlett Window type, a confidence interval of 80%
and aband width of 0. 0175 (Fig. 9). A cross spectral analysis
of the T. antarctica/T.scotia group and Chaetoceros RS
demostrate their spectral density coherence at the 95% level
at about 250 yrs. Also at 250 yrs, sea-ice diatom taxa/
Lithomelissa group and sea-ice taxa/biogenic silica content
cross spectral analyses produce good spectral density
coherence at the 80-85% level. This period is similar to those
observed by Domack et al. (1993), Scherer & Leventer
(1995) and Leventer et al. (1996). The regional reservoir
effect, as well as local processes, have a strong influence on
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stratigraphic age control, and therefore the cyclicity period
could undergo some variations. Leventer et al. (1996) related
this periodicity to the 200 yr solar cycle and its influence on
the oceanic system. Little is known about solar influence on
this restricted oceanic area off the Antarctic continent, but
since the observed variations in planktonic communities
(diatoms and radiolarians), organic matter, nitrogen and
biogenic silica seem to occur within the same range of
periodicity as those observed in solar cycles, a possible
relationship can be suggested. Application of spectral analyses
on Gebra-1 also reveal some indication of a high frequency
cyclicity at about 200-300 yrs. However, the shorter length
of this core and its lower resolution do not provide results as
good as those from Gebra-2.

Palaeoceanographic and palaeoclimatic changes

Arelative increase in sea-ice taxais observed during Holocene
neoglacial events (Figs 7 & 8). Longer, butstillnot permanent,
sea-ice coverage inducing a higher production of sea-ice taxa
may have prevailed over Bransfield Basin. Maxima in
T. antarctica/T. scotia RS are also related to the neoglacial
episodes, but at different core depths from the sea-ice taxa
maxima (Figs 7 & 8). Changes in T antarctica/T. scotia RS
could be explained as a result of oceanographic conditions in
the Weddell Sea. During the neoglacial events, the western
Weddell Sea would have remained ice-covered for longer
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during the summer. Thus, it is possible that the winter
restriction between the Weddell Sea and the Bransfield Basin
would have continued during the summer. This would have
severely reduced the numbers of T. antarcticalT. scotia RS.

Warming would haveresulted inashorter seasonal duration
of sea-ice cover in the Bransfield Strait and therefore the
abundance of sea-ice taxa would have been reduced. In the
western Weddell Sea, sea ice would have retreated during the
summers, allowing the development of 7. antarcticalT. scotia
RS. Summer exchange between the Weddell Sea and the
Bransfield Basin would have been restablished for longer
time spans and a higher amount of " antarctica/T. scotiaRS
could have entered the Bransfield Basin. A similar
palaeoceanographic pattern is delineated by the Lithomelissa
group. The abundance pattern of this group is in general the
inverse of that of the sea-ice taxa (Figs 7 & 8). Thus, the
higher values in the Lithomelissa group occurring during the
interneoglacial periods could be related to the entrance of
cold water from the Weddell Sea, once the Bransfield/Weddell
communication had been re-established.

An equivalent situation may have occurred in the western
Bransfield sub-basin regarding communication with the
Bellingshausen Sea and the ACC. Slight increases in the
abundance of F. kerguelensis during the terminal period of
each neoglacial event may be related to the opening of this
communication. Largerareasof open water may have allowed
this species to flourish during the last stage of the neoglacial
events. Therefore, during the terminal phases the east-
flowing surface current entering the Bransfield Basin would
have brought in F. kerguelensis. This interpretation is also
supported by the distribution of radiolarians. The opposite
trend of the radiolarian “circumpolar” group and the sea-ice
taxa also points to a restricted communication between the
Bransfield Basin and the ACC. During the maximum sea-ice
extent, only a reduced number of allochthonous radiolarians
entered the Bransfield Basin (Fig. 8). Since interneoglacial
periods are characterized by increases in Chaetoceros RS, the
Lithomelissa group and the “circumpolar group”, and by
decreases in sea-ice taxa, T. antarctica/T. scotia RS and
F. kerguelensis the palacoceanographic regime at these times
might have been similar to that existing today.

Conclusions

The AMS "C chronology yielded for core tops an older age
than expected for cores Gebra-1 and Gebra-2: 2985+ 39 yrae
and 2796 + 34 yr sprespectively. 2'°Pb y-spectrometry places
the core top of Gebra-1 within the last sixty years. The
sedimentation rate calculated for Gebra-1is 130 cmkyr', and
for Gebra-2 160 cm kyr.

The variations in the siliceous fossil assemblages recorded
in Gebra-1 and Gebra-2 correspond to the neoglacial events
known for the Holocene. Changes in species composition
reflect changes in environmental conditions, including water
masses and sea-ice cover. Diatoms and radiolarians have

beenusedto delineate variations in water masses. 7. antarctica/
7. scotia RS and the Lithomelissa group are related to the cold
water from the western Weddell Sea. Fragilariopsis
kerguelensis and the circumpolar group are related to the
ACC and waters from the Bellingshausen Sea.

The abundance patterns of Chaetoceros RS in cores Gebra-
1 and Gebra-2 agree with the high productivity values reported
for the Bransfield Basin waters. Past surface productivity in
the Bransfield Basin was higher than today. The general trend
indicates a reduction in palaeoproductivity. Besides, the
progressive increase in sea-ice taxa for the last three millennia
seems to indicate a cooling trend.

Based on the distribution of siliceous microfossils, two
climatic and palaeoceanographic scenarios have been
described: Neoglacial episodes characterized by greater and
longer sea-ice coverage and a restricted Weddell/Bransfield/
Bellingshausen summer communication. A climatic
amelioration could have restored the Weddell/Bransfield/
Bellingshausen communication during summers. The
interneoglacial phases were characterized by a palaeoclimatic
and palacoceanographic regime similar to that observed
today. These changes have an overprinted high frequency
cyclicity at about 200-300 yr, which might be related to the
200 yr solar cycle.
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