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Abstract Four sediment cores were collected to determine
the depositional environments of the King George Basin
northeast of Bransfield Strait, Antarctica. The cored sec-
tion revealed three distinct lithofacies: laminated siliceous
ooze derived from an increased paleoproductivity near the
receding sea-ice edges, massive muds that resulted from
hemipelagic sedimentation in open water, and graded sedi-
ments that originated from nearby local seamounts by
turbidity currents. Clay mineral data of the cores indicate
a decreasing importance ol volcanic activity through time.
Active volcanism and hydrothermal activity appear to be
responsible for the enrichment of smectite near the Pen-
guin and Bridgeman Islands.

Introduction

The King George Basin is a deep (up to 2000 m), small,
morphotectonic depression northeast of the Bransfield
Strait (Fig. 1). It is bounded to the northwest by a steep
slope of the Scuth Shetland Islands platform and by sea-
mount walls to the northeast (Fig. 1). Active submarine and
subaerial volcanism, associated witlrback-arc spreading in
the basin, have generated the Penguin and Bridgeman
islands as well as numerous seamounts and contributed
volcanic ash to the basin floor in the form of gravity-Now
and’or airfall deposits (Anderson and Molnia 1989; Singer
1987). The contribution of clastic sediments discharged
from the adjoining landmasses is relatively insignificant
except during periods of episodic meltwater streams.
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During the austral summer, the basin receives large
amounts of biogenic materials seasonally produced by
high planktonic activity in the surface water, with an aver-
age production rate of 1.6 gfcm? day (Gersonde and Wefer
1987, Wefer et al. 1988). On a regional scale, sea ice gener-
ally undergoes seasonal growth and decay, controlling sur-
face water productivity; during the winter (July- October)
the Bransficld Strait remains ice-covered with limited pro-
ductivity, whereas during the summer (December—April)
the area is completely ice-free, giving rise to increased
productivity. We would expect that these processes would
be recorded by the sedimentary structures, textures, min-
eral composition, and chemical properties of the sediments
in the basin.

The major objective of this study is to describe the
sedimentary facies of subsurface sediments collected from
the King George Basin and to infer the influences of vary-
ing environmental factors in the formation of the sedimen-
tary facies, such as the productivity of surface water, sea-ice
fluctuations, sediment gravity flows, and limited terrige-
nous supply.

Maethods

Four 3-m-long piston cores {7 ¢m in diameter) were col-
lected along a transect across the continental slope off the
northern Antarctic Peninsula into the King George Basin,
Bransfield Strait, Antarctica (Fig. 1). Cores were split into
half for X-radiography and subsampling, Subsamples were
analyzed for grain size, total organic carbon, and bicgenic
silica contents. Clay minerals (<2 pm)} were identified by
X-ray diffraction, and the methods of Biscaye (1965) and
Carroll (1970) were followed for semiquantitative analyses
of clay minerals. Subsampling intervals were selected so as
to represent all lithologies apparent in the split cores.
X-radiograph analyses as well as visual observations of the
split cores were made to identify biogenic and physical
sedimentary structures. Total and carbonate carbon were
determined using a Carlo Erba NA-1500 Elemental
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Analyser to measure the CO, formed by combustion at
1100 C, and treated by hot 109} HC!, respectively {(Heath
et al. 1977). Organic carbon was obtained by measuring
and caleulating the difference between the total carbon and
the catbonate carbon. Biogenice silica was determined by
the sequential leaching method of DeMaster (1981). Sulfide
sulfurs were measured by precipitating sulfur as barium
sulfate (Vogel 1975),

Results
Sedimentary facies

The sediments of the studied core sections reveal litholo-
gies that consist of siliceous ooze, massive muds, and
graded sediment interbedded with massive muds (Fig. 2).

Siliceous ooze occurs consistently near the base of all
cores und is generailly gray to brownish gray and well

Fig. 2 Luthological logs af sediment cores from King George Basin.
Note that sthegous voze layers consistently oceur near the base of all
vores, whereas praded vmits, denoted by T, occur randomly through
the cores
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Fig. 3 X-radiographs of cores iepresenting sedimentary facies a well-
Linunated sibeeous ooge (ight band) alternating with clayey silt
tdark bandy weore 9001-02, core depth, 246 258 cm); b bioturbated
e misd wath seatiered dropsione as denoted by arrow (core
ST03, core depth, 118 130 em), ¢ graded secamenl {core 9001-02;
core depth, 171 123 em)consisting of parallel-laminated coarse sand
(T, and nucronpple cross-laminated medm to coarse sand (T.)
bewng overhamn by the epetitive sequence of parallel-taminated clayey
st The armow nean the boteom mdieates an erosionad surface

Lenmnmated Most laminae are between (.5 and 5.0 mm thick
and consist of alternating couplets of diatom ooze and
clives silt e 3a) Siliceous oose is primarily comnposed
ol well-preserved Nizschia sp.. Rhizosolenia sp. and Chae-
foweros sp. in i cham fonm (Fig, da -¢). Some laminac even
cwlusinvets contam o nearly manospeciftc assemblage of
Khrzomolenna spoand or Chactoceros resting spores. Clayey
st lanunae consist mainly of terrigenous particles such as
quartz and voleanic glass.

Moasne muds compnise the larger portion of the core
sevtionisind show uslight increase in the amount of terri-
genots materials compared to the siliceous ooze (Fig. 2).
These sediments consist of olive to dark gray clayey silt to
silty clay with o minor amount of biogenic opal. Most of
the brogeniv opal ts compoesed of fragmented diatom {rus-
takes and debins (P 4d); siticoftagellates, radiolaria, and
sponge spicules are rare {less than 19). The muds are
usaally homageneous, moderately bioturbated, and partly

Upward fining

mottied (Fig. 3b). Such sediments occasionally include
dark bands or patches that are largely composed of well-
preserved diatoms, as seen in the sediments of the siliceous
0oze,

Graded sediments occur randomly through the cores
and show no delinite core-to-core correlations (Fig. 2).
They are largely composed of laminated Line sand-to-
gravel layers with an upward-lining trend (Fig. 3¢). The
Llayers are up to 20 em thick and are distinetly laminated
(1L} with a sharp erosional surface. They are commonly
overlain by microripple, cross-laminated (T, ) medium sand
and [ine silt. In some cascs, these cross-laminated sand
divisions are occasionally overlain by the rcpetitive se-
quence of parallcl-laminated very linc silt{T,) (Fig. 3c}. The
sediments are composed largely of well-rounded volca-
niclastic materials, containing greenish glass shard and
pumice with a lesser amount (less than 40%,) of tcrrigenous
heavy minerals (Fig. 4¢ and f). SEM analysis for these
deposits also shows neritic diatom specics such as Ar-
achnoidiscus sp., indicating the shallow-water origin of the
sediments {Fig. de).

Geochemical properties

Profiles of calcium carbonate, total organic carbon (TOC),
and hiogenic silica (BSi) arc shown in Fig. 5 for two sedi-
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Fig. & Downcore vanations in ithology, grain texture, total organic
catbon (T OC), biogenc silica {BSy), calcium carbonate (CaC0O,), and
biogenie vs, terngenvus content for two representative cores. Note
thut all TOC and BS1 profiles vary with sediment types, their values
Lemg highest mostliceous oose CaC Oy contents are very low (less
tiei I Y tnoughout the cares

nwnt ceres Calennn carbonate contents are oegligible
iarely exceedmng 17,) and show no systematic downcore
variatwon ¢idig. 8). In core 9001-02 the measured CaCQ,
values range [rom 0014, to 0.37°, und in core 9001-05 [rom
gl te 0.59% . The highest carbonate content is noted
tedr the top of the cores. .

Totdal organie carbon contents of core 9001-02 range
from .11, to 198" with a mean value of 0.90%, and for

o
|

Fig. 4 SEM muwcrographs of the sediment cores from King George
Boasin o Narosehing Aerguelonsts in the siliceons ooze of core 9001-02
oo depth 222 el b Rbizosodenia sp. in the siliceous ooze of core
Sl 02 o depth, 208.5 cm¥, © Chaetoceras sp. in the siliceous ooze
ol core 0102 (eore depth, 2435 cm)  note intact frusiule of Chae-
focuros spom chamn-form {up to 20 pm long); d fragmented dtatoms
wind debrs i the massive mud of core $001-03 (core depth, 126 cm);
¢ bachnonteens sponenie digtom) lying on o volcanic grain in
eraded sediment scetton of corg YOO1-02 (core depth, 11 em);, A
well tounded voleanie grain (lower left) in the graded sediment ol
e HIITON feore depily, 225 ¢m)

9001-05 from 0.45% to 1.45%, with a mean value of 1.0%,
These values, stightly higher than the 0.2% in open sea
sediments (Bordovskiy 1965), appear to be associated with
typical Antarclic waters. Biogenic silica contents of core
9001-02 are in the range of 6.64-51.18%  with a mecan
villue of 12.06", For core 9001-05, the contents range from
18.0877 to 33.19Y%;, with o mean value ol 14.22%. These
values coincide, in general, with those of the 10-20%, in
surface sediments of the Bransficld Strait (Dunber et al.
1986; Singer 1987).

Both TOC and BSi typically vary by scdiment type,
regardless of core locations (Fig. 5k the lowest values corre-
spond to graded sediment {0.44-0.45%, TOC, 9.66-20.39%,
BSi); the intermediate values 1o massive muds (0.97-1.21%,
TOC, 14.38-24.58%, BSi); and the highest values to sili-
ceous ooze (1.42-198% TOC, 33.19-51.18%; BSi).

SHEK)  [NOA0N Clay %)

Clay mineral distributions

The <2-um clay minerals of core sections are, on the
average, composcd of 58Y% illite, 19%, chlorite, and 19%;
smectite. Kaolinite rarely exceeds !9, For most cores,
concentrations of both illite and chlorite decrease slightly
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Fig. 6 Proliles of clay mineral compostition with depth. Nolte that,
overall, the smectite content shows a decreasing trend upcore, except
for graded sediment layers marked by T. Much higher smectite
contenls were consistently encountered in ail graded layers (T} than
in adjacent layers, suggesting thewr orin to be webidite deposition
derived lrom local submarine volcanoes

but systematically with core depih, from 78 to 54% and
from 29 to 14Y;. respectively; some variations, however,
occur in the graded sediment where they are relatively low
{Fig. 6). On the other hand, the smectite content gradually
increases downcore, from I to 31%, except for the graded
unit where it is exceedingly high {(more than 50°). In case
the turbidite laycrs are excluded, such a downcore increase
in smectite conlent is clearly shown in Fig, 7. Regionally,
the smectite content is the highest near the Penguin and
Bridgeman islands (9001-02) and gradually dcereases
sauthcastward {9001-03) (Figs. 1 and 6).

Discussion

Among the many factors, high-surface water productivity
and increased preservation rates under anoxic deep-water
conditions are the dominant factors that would lead to
prominent enrichment of organic carbon in marine sed:-
ments {Thiede and van Andel 1977). The latter conditicn.
however, appears not to have becn developed in the Brans-
field Strait as indicated by the bioturbation that prevailed
in late Holocene sediments of this area (Yoon ct al. 1990

An organic carbon/suifur diagram may also give informa-
tion about depositional cnvironments in terms of the ovic
condition versus the suboxic to anoxic conditions {Fig. ),
For the Black Sea sediments, the positive interception of
the regression line onto the axis of sulfur content coincides
with the well-known anoxic bottom water of the sea (Hirst
1974). While plotting our sulfide-sullur data from the Kig

Fig. 7 Depth pmrﬁlc» ol{ Smectils (%) Smoctle (%) Smeciie (%) Smecthe (%)
smechie contenl for sediment =
cores except for turbrdite layers, 0 OHJPA@ 3 4 .EOO 0, ":? 310 40500, .110. 20 0 40 %0 J_. 10,920 % ,
Nole that an upcore decreasing ' . »
trend of smectite content . Com900102|{ , +Com9001-03(| ,° Core0001-04| | Core 900105
becomes more evident than 0! . ', ] L
does the trend in Fig 6 ' ' b
’ L ’| . ] ]
L] 1 1
‘_‘ﬂxl- L] . . k. : . ]
— . . . . ¥ . ..
ﬁ 1501 , . ] \ . ) ’
300




4 Bizck Sea sediments [from Harst, 1974)
& +.ng Jeorge Basn core sediments
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Fip. § Correlation between 1otal organic carbon (TOC) and sulfide
sullur {total S1nsedunent. The data from Black Sea cores are plolied
10 show them to be representative for anoxic sediments having an
exveess amount of sulfide sullur as evidenced by the positive intercept
o thie regression line onto the ans of the sulfur content. The stippled
atea on the diagram represents a domaun for the present-day normal
ovie nanme sediments (after Leventhad 1983) The plot of our data
msile the labe strongly suggests that anowc bottom walter conditions
lad not prevaded durimg accunmulaton of the King Georpe Basin
sedtmcits

George Basin sediments, whose values range from 0.03%,
to LU&" , the interception of the regression line onto the
anis of sullur content draws close to zero (Fig. 8), indicating
that conditions of anoxic bottom water have not prevailed
in the basin. Therefore, well-preserved laminations with
high organic matter content in the siliceous coze in the
King George Basin appear to result from the rapid accu-
mulation associated with increased paleoproductivity in
the surface water rather than from development of an
anoxwe depositional environment,

fncreased surfuce-water productivity occurs in open
water close o the receding ice edges as a result of sea-ice
melting and imcereased water column stability (Smith and
Nelson 1985; Jordan and Pudsey 1992). These conditions
produce Liege amounts of Biopenic materials within a short
ume ey al, allowing for inass sedimentation of diatlom
(tustules by “marine snow™ (Honjo ct al. 1982; Smith and
Nelson [986). SEM photographs of the diatoms for the
stliceons aoze indiciate mass accumulation of diatoms,
showing intact frustules of dintoms, typically Rhizosolenia
sp. and Chaetoceros resting spores (Fig. 4b and ¢). In
particular, sediment layers characterized by unusually
gh percentages of Nitzschia sp. {(Fig. 4a) suggest diatom
hlooms elated to the presence of shatlow, mixed, and
stratified ineltwater near the receding sea-ice edges (Kang
and Fryaeli 1992} The considerable thickness (up to 30 cm)
ol the siliceous ooze layers, however, preferentially sug-
pests accumulation by multievent diatom blooms rather
than as a result of deposition from a single bloom. This
unit probably rellects a multiyear period of markedly in-
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creased seasonal ice-edge bloom during which perennial
sea ice might have developed more extensively with its edge
persisting over the core sites,

In contrast, the massive muds, characterized by increas-
ing proportions of terrigenous clastic materials and denser
biaturbutien, represent fine-grained sedimentation in open
water settings during the period when onty annual sea ice
was prescnt over the corce sites. In consequence, seasonal
contrasts in productivity are not reflected within the sedi-
ments. Some of these muds may represent sediment gravity
flows similar to “massive unifites” described by Stanley
(1981). However, if this unit is the distal equivalent of the
volcaniclastic turbidites found in many places in the Brans-
field Basin (Anderson and Molnia 1989), then it should be
largely compaosed of volcanogenic muds, and resulting de-
posits should be distinct in their compositions and bio-
genic contenis from other portions of the cores. However,
no such obvious contrasts were recognized within the
cores. The massive muds often include dark bands and
patches with high contents of organic carbon and biogenic
silica that arc more indicative of short-term, episodic
planktonic blooms.

The well-developed normal grading and partial Bouma
sequences in the graded sediments are indicative of a
gravity-controlled mechanism. Especially, the abundance
of coarse-grained, lower division (T 4, T, and T,) of the
Bouma sequence in the sediments suggests the fairly rapid
emplacement of the sediments within a rather short dis-
tance by high-density turbidity currents. Their vertical
successions cannot be correlated from core to core (Fig. 2),
again indicating the importance of local transport events,
particularly from nearby seamount sources. This kind of
depositional process and sediment source would lead to
the enrichment of smectite but the depletion of organic
matter in the graded sediments (Figs. 5 and 6). Anderson
and Molnia {1989} noted numerous graded volcaniclastic
units at the foot of seamounts and volcanic islands in the
Bransfield Basin, indicating the importance of the adjoin-
ing seamounts as sources of the dispersed volcanic mate-
rials. Sediment gravity flow through the troughs on the
Antarctic Peninsula platform may be a possibie cause for
the graded units of the studied cores. The troughs, how-
ever, are filled with diatomaceous muds and oozes identical
10 those in the busin floor (Jeffers and Anderson 1990),
indicating that, during interglacial periods, these troughs
would not carry a significant amount of terrigenous sedi-
ment on the basin in the form of turbidite deposits. Down-
slope transport from the South Shetland Islands may be
responsible for the graded sediments. However, the axial
volcanic ridge, defined as a back-arc spreading center by
Anderson and Molnia (1989), is likely to act as a barrier to
the transport of volcanic materials from the north to the
study area, and thus is probably not a source for the graded
units.

Clay mineral anatyses reveal that the smectite content
decreases slightly upcore, except in the graded unit where
the smectite content is excecdingly high due to the consid-
erable proportion of volcaniclastic materials (Figs. 6 and
7). A clay mineral study in the Bransfield Strait (Yoon et
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al. 1992y reveals that the distnbution pattern of smectite is
clasely assoctited with volcanic activity, showing enrich-
ment of smectite in bodtom sediments around the recent
valeanic atands, Hence, the decreasing trend upcore typi-
cilly (Fig. 7) may record the decreasing importance of
voleamie activity through time. Similarly, high amounts of
smectite near the Penguin and Bridgeman islands (core
9001-02) probably result from considerable submarine vol-
canic activity related to back-arc spreading around these
whiands1Savnders and Tarney 19%2; Pelayo and Wien 1986)
(Figs. 1 and 6): some hydrothermal activity and high heat
[low are reported to be higher in the King George Basin
compared to areas further to the south (Han 1987; Suess
1987},

Summary

Our study on the depositionul environment of near-surface
sediments from the King George Basin is summarized as
follows;

1. Siliccous ooze containing relatively high concentrations
of organic matter is interpreted as having been accumu-
lated by mass sedimentation of diatom frustules; large
blaoms occurred in open water near the receding ice
edpe when multiyear ice had persistently existed over
the cure sites so that repetitive diatom blooms resulted
i1 this unat.

Massive muds, characterized by slightly decreased TOC

and BSi contents, represent hemipelagic sedimentation

in the open water as found in the present Bransfield

Strait where the biogenic sedimentation rate would be

much lower than in the perennial- setting of the ice

cdpe under which the siliceous ooze units would have
accwmulated,

3. Graded sediments that include well-rounded volcano-
genic grains and neritic diatoms (Arachnoidiscus sp.)
were most probably derived from nearby seamounts by
turbidity currents. This depositional process would re-
sult in the enrichment of smectite but the depletion of
organic matter. .

4. The vertical distribution of smectite content reveals a
slight, but systematic, decrease upcore. This records the
diminution of volcanic activity through time. Around
the I"enguin and Bridgeman islands, active volcanic and
hydrothermal activities, related to back-arc spreading,
have resulted in smectite enrichment in the sediments
{vore 9001-02) near those islands.
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