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Abstracl Four sediment cores were collected to determine 
thi:: depositional environments of the King George Basin 
nor1hcast of Bransfield Strait, Antarctica. The cored scc­
t10n revealed three distinct lithofacies: laminated siliceous 
ooze derived from an increased pa\eoproductivity near the 
receding sea-ice edges, massive muds that resulted from 
hemipclagic 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 of 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 South Shetland Islands platform and by sea­
mount walls to the northeast(Fig. I). Active submarine and 
suhaerial volcanism, associated witlrback-arc spreading in 
the hasin, have generated the Penguin and Bridgeman 
i:-lands as well as numerous seamounts and contributed 
volcanic ash to the basin noor in the form of gravity-flow 
and,1or airfall deposits (Anderson and Molnia 1989; Singer 
1987). The contribution of elastic 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 plank tonic activity in the surface water, with an aver­
age production rate of 1.6 g/cm2 day (Gersonde and Wcfer 
1987; Weferet 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 Bransfield 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 fades of subsurface sediments collected from 
the King George Basin and to infer the influences of vary­
ing environmental factors in the formation of the seiiimen­
tary fades, such as the productivity of surface water, sea-ice 
fluctuations, sediment gravity flows, and limited terrige­
nous supply. 

Methods 

Four 3-m-long piston cores (7 cm 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. I). Cores were split into 
half for X-radiography and subsampling. Subsamples were 
analyzed for grain size, total organic carbon, and biogenic 
silica contents. Clay minerals ( <2 µm) 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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Anal)st::r to measure the CO2 formed by combustion at 
1100 C, and treated by hot 10% HCI, respectively (Heath 0 

et al. 1977). Organic carbon was obtained by measuring 
and c:tkulating the difference between the total carbon and 
tin:: c,u b,,natc c.irhon. Biogenic silica was determined by o., 

the sequential leaching method ofDeMaster(l98l). Sulfide 
sulfurs were measured by precipitating sulfur as barium 
sulfate (Vo!,!el 197.'i). LO 
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Sc<linwntary facies 

The ~cdiments of the studied core sections reveal litholo• 2.0 

gies th:1t consist of siliceous ooze, massive muds, and 
grndcd sediment interbedded with massive muds (Fig. 2). 

Siliceous ooze occurs consistently near the base of all 2.5 
cores and is generally gray to brownish gray and well 
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Fig . .l .\-r .1d1up .iph, of nne, reprcsenl!ng sedimentary facies a well-
1.,rnrn.,i-·d ,111<:cnu, n,11<.· thght hand) alternating with cldyey silt 
1>L,1k b.111d11,·01e 9001-ll.", cure tkp1h, 246 258 cm); b bioturbated 
111,1,,1\C mud 1111h ~c:lllcrcd drop~1011e ,IS denoted by arrow (core 
<ill\l ! ll~. ,·," c lkpth. 118 l .'.10 cm). c gr.uleJ ~eC:1mcn1 tcore 9001-02; 
,·<11e J,·pth. 17 l I ~3 cm) .:um1~\mg 11f parallel-lam1nated coarse sand 
il,.1 Jnd m1,·ronpple crnss-lam1nated mcdrnm to coarse sand (T,) 
!wmt ,,\c, l.1111 I>; the 1cpctitive sequenc'l' (>f parnllel-laminatcd clayey 
,1111 l, I I lw .lfltl\\ llc',ll !he h,lth1111 111d1ca1e, ,Ill l"Tlhl()ll.ll surf.Ice 

l.1111111.tt,·d ,\\,,~! l.tmin .. 11! an: bd\\CCll 0.5 and 5.0 mm thick 
.m,l ,·,1ih1,t ,1f ;1lternatrng cm1pkls of diatom ooze and 
,L1!•'! ~ill 1F1~ . .I.ii. Silirenus ,)ote is primarily composed 
,,r 11dl·prc·,L·11cd S11:sdJ111 sp .. J</ii:0.10/enia sp. and Cliae­
r,,,, 1 ,,., ,p. in a i.:ham form 1 Fig. 4a -c). Some laminae even 
,'\.'l1h11,:I:, c,1111.un ;1 nearly 1111mo~pccilic assemblage of 
N/11 :,",,/.·111<J ~]1. ;rnd llr ('/w,·to, rros resting spores. Clayey 
,iii l.1rn111.11: <..:L111sist mainly of terrigenous particles such as 
qu.lftL ,i!ld 1olcanic glass. 

:-Sl:i"11 c muds wmpnse the l,1rger poflion of the core 
,,xt1.iu, .ind ~h1.'11· a slight increase in the amount ofterri­
,_'.,'n,,th m.1ten;\ls c,in1pared to the silurt!ous ooze (Fig. 2). 
l h,>,' "dimcnls L',ms1st ,1f ,1livc 1,1 dark gray clayey silt to 
~illJ da:, 111th a minor amount of bi,)genic opal. Most of 
till' hi,1 g,·ni .. - (,pa! is composed or fragmented diatom frus-
111!1.•, and dd111\ (Fit:, -Id); silicoll,1gcllatcs, radiolaria, and 
~Jl<l!lf'.C ,picuk, ;ire rare Ocs~ than l'.'10 ). The muds are 
u,u.ill~ h,,111<1gc11L·,ms. nwdcr;ite!y hi,Hurbatcd, and partly 
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mottled (Fig. 3b). Such sediments occaswnally include 
dark bands or patches that are largely composed of well­
preserved diatoms, as seen in the sediments oft he siliceous 
ooze. 

Graded sediments occur randomly through the cores 
and show no definite core-to-core correlations ·(Fig. 2). 
They are largely compo~ed of laminated line sand-to­
gravcl layers with an upward-lining trend (Fig. 3c). The 
layers arc up to 20 cm thick and arc di:.tinctly laminated 
(!~) with a sharp erosional surface. They arc commonly 
overlain by microripplc, cross-laminated \T,) medium sand 
and line silt. In some cases, these cross-laminated sand 
divisions arc occasionally overlain by the repetitive se­
quence ofparaltcl-laminated very line silt /Td) (Fig. 3c). The 
sediments arc composed largely of well-rounded volca­
niclastic materials, containing greenish glass shard and 
pumice with a lesser amount (less than 40'/,,) of tcrrigcnous 
heavy minerals (Fig. 4e and f). SEM analysis for these 
deposits also shows neritic diatom species such as Ar­
aclmoidiscus sp., indicating the shallow-water origin of the 
sediments (Fig. 4c). 

Geochemical properties 

Proli\es of calcium carbonate, total organic carbon (TOC), 
and hiogcnk silica (ASi) are shown in Fig. 5 for two sedi-
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Fig.~ D,,11 n,,,,rc v,1nal1uns in hthology, gram texture, total organic 
..:.,rh,lll l I 0( ·t hing:em..: ,ihca {BS11. calcium carbonate (CaC03), and 
h1>1~,·111c 1~. tt'mg:.:nous content for ll'.u r.:p1esentat1vc cores. Note 
1h~1 JIJ TOC and RS1 profiles vary with ~cdimcnt types, their values 
l•,·111!'. h1~1\,·,1 Ill ,tlic.:<1u, 001c Ci('O_, Cl>ntenb arc very low (less 
Ill.In I'.,) ll11"utd1<>ut th..: ..:<1r.:~ 

m,·111 ,,,i,·, l ',tls1\llll l·,1rhn11alc n>nll::nts arc negligible 
(t,trcl:, <.:\c..:cdmg !" 0 ) and show no systematic downcore 
1,1ri,1t1<>11 \h,! . .'i). In core 9001·02 the measured CaCO3 
1 ,du.:~ r.111~.: from O 01 u u to0.37u O and in core 9001-05 from 
t) tll ''., t,, t).59" 0 • The highest carbonate content is noted 
1k,tr ;); .. t,)p [)f the cores. 

l"l1t,tl ,,rgamc carhon contcnb of core 9001-02 range 
f1,Hn \l.1 I",. l<) J.98" 0 , with .i mean value of0.90~~. and for 

l·1i:. 4 SU,! 1111.-rogr.iphs of the sediment cores from King George 
l\.",n :.1 \",r.,,h,,1 ~,,,.,.,,,f,·1m, in the sil1ee0us ooze of core 9001-02 
1,,11,· .l,plh 2~~ ,n1L b R.hi~c•wl.-J1i<1 ,p. m the siliceous ooze of core 
•1,,,11 tl~ (..-,iic Jcplh. :'OX.5 ..-m); c ("/1u,•to,wm sp. in the siliceous ooze 
, ,1 ,·,•r" •ltl\11 .11:, (core depth. :'-B.5 cm) note intact frustule of Chae• 
1,,, ""' ,p 111 rh:.1111-form (up to 20 µm l,ing); d fragmented diatoms 
,.,,,J ,kh11, 111 the m,1,,ne mud of cor~ 9001-03 (core depth, 126 cm); 
,. 1,,,,1,,,,,1,l,"1" ,p (1wr11J,• d1,unm) l}mg ,111 ,, volcanic grain in 
~1.,,!.:d ,c,hmcnt ,.:--:twn ,if c,11e <illll!•U:' IC<HC depth, 11 cm); f A 
",ll 1,,,m,k,l \nlc,1n1,_; g1ain (k1w,:r left I in the graded sediment of 
.. ,,,. <il~lt \I' (c,,1,' ,kplh, 22:i ..:-m) 

9001-05 from 0.45% to 1.45%, with a mean value of 1.0%. 
These values, slightly higher than the 0.2% in open sea 
sediments (Bordovskiy 1965), appear to he associated with 
typical Antarctic waters. Biogenic silica contents of core 
9001-02 are in the range of 6.64 51.18'1/,,, with a mean 
11;1luc of 12.06" ;,. For core 9(Xl]-05, the contents range from 
18.08';~ to 33.19%, with a mean va!ue of 14.22'½,. These 
values coincide, in general, with those of the 10-20% in 
surface sediments of the Bransfield Strait (Dunbcr et al. 
1986; Singer 1987). 

Both TOC and BSi typically vary by sediment type, 
regardless of core locations (Fig. 5): the lowest values corre• 
spond to graded sediment {0.44-0.45% TOC, 9.66-20.39% 
BSi); the intermediate values to massive muds (0.97-1.21 % 
TOC, 14.38-24.58% BSi); and the highest values to sili• 
ceous ooze ( 1.42 - 1.98°,{, TOC, 33.19- 51. 18~;, BSi). 

Clay mineral distributions 

The < 2-~Lm clay minerals of core sections are, on the 
average, composed of 58'1/,, illitc, 19'%, chlorite, and 19% 
smectite. Kaolinite rarely exceeds 1%. For most cores, 
concentrations of hoth illite and chlorite decrease slightly 
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Fig. 6 Profiles or clay mmcral composaion w11h depth. Note that, 
overall, the smcctitc content ~hows a dec1easml:l'. trend upcorc, Cll.ccpt 
for graded ~cdimcnt layer; marked by T. Much higher smcctitc 
contents l'<Crc con,istcnt!y cncoun1crcd in all graded layers (Tl than 
in adJacrn/ );iyen. suggesiing their ongin 10 be !urbidiie deposition 
derived from local ~ubmarme vokanocs 

but systematically with core depth, from 78 to 54% and 
from 29 to 14~~- respectively; some variations, however. 
occur in rl1e graded sediment where they are relatively low 
(Fig. 6). On the other hand, the smectitc content gradually 
increases downcore, from I to 31%, except for the graded 
unit where it is exceedingly high (more than 50~-;;J. In case 
the turbiditc layers arc excluded, such a downcore increase 
in smcclite conlent is clearly shown in Fig. 7. Regionally. 
the smcctitc content is the highest near the Penguin and 
Bridgeman island~ (9001-02) and gradually decreases 
southeastward (9001-05) (Figs. I and 6). 

Fig. 7 Dcplh profile, of 
smecll\c content for ,cdimcnt 
cores except for turbidite layers. 
Note that an upcorc Jccrca~mg 
trcml of ,mcctlte content 
becomes more c•idcnt than 
docs the trend in Fig 6 
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Discussion 

Among the many factors, high-surface water productivity 
and increased preservation rates under :moxie dcep-\\";1tcr 
conditions arc the dominant factors that would lead to 
prominent enrichment of organic carbon in marine sedi­
ments (Thiede and van Andel 1977). The latter condition. 
however, appears not to have been developed in the Brans­
field Strail as indicated by the biocurbation that prevai/cJ 
in late Holocene sediments of this area (Yoon et al. JCJ9()l 
An organic carbon/sulfur diagram may also gin· inft1rma­
tion about depositional environments in terms of the o,i..: 
condition versus the suboxic to anoxic conditions (Fig. 81. 
For the Black Sea :-.cdimcnts. the positive interception t1f 
the regression line onto the axis of sulfur content ct1incid,·s 
with the well-known anoxic bottom water of thl· sl·;1 (\ lir,t 
I 974). While plotting our sulfide-sulfur data from the Kmg 
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Fig. II C,11rd,111"11 helween tol.il urg,mic carbon (TOC) and sulfide 
,ulf"r (tol,d Sl 111 ~ed1menL The data from H!ack Sea cores are plolled 
t,, ,lw11 them to he reprc~entat1ve for anoxic sediments having an 
,·\c,·ss .1111,>un! ,,f ,ulfiJc ,utfur as c~iJcnced by the positive intercept 
,,1 the· l<'}!1,,-,i,1n lmc ,1nt,1 the a\l> ,if the ,ulfur content. The sllppled 
• .i ,·.1 ,,n 1lw d1.1gram I cprc,cnb a domam for the present-day normal 
<>\I, rn,111nc "'dnncnb 1aflc1 Leventhal l<Jl!J) The plot of our data 
111s1,k th~ l,,h, ,1rungl} ,uggc~ls that ,l!hl\!C l',ottom waler cond11Lons 
h.1d 11111 11 1n.1dcd during ,1,·.:umul,111,m of lhc Kmg George Basin 
,,·,l,m,•ott, 

Gclirgc Jh,in sediments, whose values range from 0.03% 
to 1.06" ... the interception of the regression line onto the 
a\is of sulfur content draws dose lo zero (Fig. 8), indicating 
tha! conditions of anoxic bottom water have not prevailed 
in the basin. Therefore, well-preserved laminations with 
high orgamc matter content in the siliceous ooze in the 
King. George Basin appear to result from the rapid accu­
mul.1t]l)ll associ,1ted with increased paleoproductivity in 
th,; ~urf.ice water rather than from development of an 
,1110\JC Jcpos11wnal environment. 

ln,·rc,1~ .. -J surface-water productivity occurs in open 
\\ ,tier d,hc tl) the receding ice edges as a result of sea-ice 
nkltlllf': .ind mcreased water column stability (Smith and 
Nchon 19X5: Jordan and Pudsey 1992). These conditions 
pr,,du,·,· l.1r~ .. · anwunts ofbi,1gcni..: m,1ti:rials within a short 
11m..: 1111,·n ,1]. allowing for mass sedimentation of diatom 
l1u,1uk~ h\ "mari1w ~now" (llonjn ct al. 1982; Smith and 
Ncb<m [9::,;6). Sl:i\1 photographs of the diatoms for the 
~i1i,,.·,,u~ ,1n1c m<licatc mass accumulation of diatoms, 
~l1<n\ ing a11.1ct frustuks of diatoms, typically Rliizo.m/1mia 
~11. and nwt'/O(t'flJS resting spores (Fig. 4b and c). In 
p,1r11..:ular. sediment layers characterized by unusually 
high p .. ·1 .. · .. ·ntagcs tif Ni1:sd1ia sp. (Fig. 4a) suggest diatom 
bl,hims rd.itcd to the presence of shallow, mixed, and 
~tr ,llitied mdtwater near the receding sea-ice edges (Kang 
• m,l I· r} xd! 199:!f. The considerable thickness (up to 30 cm) 
,,f the ~ili..:eous ooze layers, however, preferentially sug­
ge~b accumulation by multievent diatom blooms rather 
th:rn a~ a result of deposition from a single bloom. This 
ulllt prnhahly reflects 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 elastic materials and denser 
hioturbutiun, repre8enl linc-araincd sedimentation in open 
water settings during the period when only annual sea ice 
w.is present over the core 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 unilites" described by Stanley 
(1981). However, if this unit is the distal equivalent of the 
volcanidastic turbiditesfound in many places in the Brans­
field Basin (Anderson and Molnia 1989), then it should be 
largely composed of vo\canogenic muds, and resulting de­
posits should be distinct in their compositions and bio­
genic contents 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 biogcnic 
silica that .ire more indicative of short-term, episodic 
plank tonic 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 (Tbcd• Tbc and Tb) 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 vo\canidastic 
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 possible cause for 
the graded units of the studied cores. Thc troughs, how­
ever.arc filled with diatomaccous muds and oozes identical 
to those in the basin floor (Jeffers and Anderson 1990), 
indicating that, during interglacial periods, these troughs 
would not carry a significant amount of tcrrigcnous 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 analyses reveal that the smectitc content 
decreases slightly upcore, except in the graded unit where 
the smectite content is exceedingly high due to the consid­
erable proportion of volcanidastic materials (Figs. 6 and 
7). A clay mineral study in the Bransfield Strait (Yoon et 



, 
,ti. 1992) rcve,1b that the distribution pattern of smectite is 
~foscl~ ,1s~ncia1cd with volcanic activity, showing enrich• 
11k·11t ,,f ~m,•t:tile in b1)tlom sediments around the recent 
, uh.:,rnli: 1-1,.111!.ls. I lence. the dccrcaslng trend upcore typl· 
l.ill) (Fig. 7) 111:iy nicllfd the dccrl'!a!lng importance of 
\ uka1rn: ,Lcti,ity through time. Similarly, high amounts of 
~me.::tite near the Penguin and Bridgeman islands (core 
900!-U2l probably result from considerable submarine vol­
ranic ,1ctivity related to back-arc spreading around these 
1:,\a1'\\h1S,mnders and Tarney 1982: Pelayo and Wien 1986) 
(Fig~. I ,md 6): some hydrothermal activity and high heat 
fi,)W .ire reported to be higher in the King George Basin 
compared to areas further to the south (Han 1987; Suess 
19871. 

Summary 

Our study on thedepositionul environment of near-surface 
~edimcnts from the King George Basin is summarized as 
follcms: 

I. Siliceous ooze containing relatively high concentrations 
of organic matter is interpreted as having been accumu­
lated hy mas;. sedimentation of diatom frustu1es; large 
b!1),1ms occurred in open water near the receding ice 
edge when multiyear ice had persistently existed over 
the ..:ore sites so that repetitive diatom blooms resulted 
:n this unn. 1 

1 ~1assivc muds.characterized by slightly decreased TOC 
and BSi contents, represent hemipclagic 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 
edge under which the siliceous ooze units would have 
accumulated. 

3. Graded sediments that include well-rounded volcano• 
genie grains and neritic diatoms (Arachnoidiscus sp.) 
\\ere most probably derived from nearby seamounts by 
turbidity currents. This depositional process would re• 
suit m the enrichment of smectite but the depletion o{ 
organic matter. 

4. Tiu.: \ertical distribution of smectite content reveals a 
~light, but systematic, decrease upcore. This records the 
diminution of volcanic activity through time. Around 
the Penguin and Bridgeman islands, active volcanic and 
hydrothermal activities, related to back-arc spreading, 
ha, e resulted in smectite enrichmc'lt in the sediments 
t...:ore 9001-02) near those islands. 
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