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Sedimentary facies and high-resolution echo facies were analyzed to elucidate sedimentation pattern of the
late Quaternary glacial-marine deposits in the northern continental margin of the South Shetland Isiands. Six
sedimentary facies are classified, based on grain texture and sedimentary structures in gravity cores. The high-
resolution (3.5 kHz) echo characters are classified into 6 echo facies on the basis of clarity, continuity, and shape
of bottom and subbottom echoes together with seafloor topography. Distribution of the echo and sedimentary
facies suggest that there was a significant change in sedimentation pattern between the Last Glacial Maximum
(LGM) and subsequent glacier-retreating period. When the grounded glaciers extended to the present shelfbreak
during LGM, coarse-grained subglacial tills were widespread in the shelf area, and deep troughs in the shelf
were carved beneath the fast-flowing ice steam. As the glacial margin retreated landward after LGM, dense
meltwater plumes released from the retreating ice-front were funneled along the glacier-carved troughs, and
accumulated channel- or cannyon-fill deposits in the shelf and the upper to mid slope. At that time, slope sed-
iments seem to have been reworked by slope failures and unsteady contour currents, and further transported by
fine-grained turbidity currents along the South Shetland Trench. After the glacial retreat, sediments in the shelf
and slope areas have been mainly introduced by persistent (hemi) pelagic settling, and fine-grained turbidity
currents frequently occur along the axis of the South Shetland Trench.

Keywords: Antarctica, South Shetland Islands, Quaternary, Sedimentary Facies, Echo Facies, Glacial-marine
Sedimentation
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Fig. 1. Location and bathymetric map
of study area showing the positions of
3.5 kHz seismic tracklines and coring
sites (dots). Contour interval is 250 m.
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I7ig. 2. High-resolution seismic profiles from the northern continental shelf (a) and slope (b) of the South Shetland Islands. Capital codes
represent the type of echo facies summarized in Table 2. For locations, see Fig. 1.
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Fig. 3. High-resolution seismic profile crossing the northern continental margin (shelf, slope and trench) of the South Shetland Islands. Capital codes
represent the type of echo facies summarized in Table 2. For location, see Fig. 1.

Table 1. Summary of sedimentary facies in sediment cores. For core locations, see Fig. 1.

Facies Description Occurrence Depositional process
Bioturbated  Poorly-sorted mud intensely disturbed by bioturbation; primary  All cores Hemipelagic sedimentation; contour
mud structure absent except for diffuse banding or layering; facies current (Stanley and Maldonado, 1981;
thickness variable; facies boundaries poorly defined and irregular Chough and Hesse, 1985)
Homogeneous Structureless mud consisting of relatively well-sorted, clay-size Trench (G4), Fine-grained turbidity current (Piper,
mud particles; thickness generally less than 5 cm; common bioturbation  ice-stream (G1)  1978; Stow and Shanmugam, 1980;
especially in the upper part; facies boundaries either sharp or Chough et al., 1984)
gradational; usually underlain by thinlyl aminated mud
Indistinctly Poorly-sorted mud exhibiting indistinct and discontinuous layering  Trench (G4), Contour current, tail of turbidity current
layered mud  and discontinuous trains of horizontally oriented coarse grains; ice-stream (G1), (Stow and Holbrook, 1984; Yoon and
thickness variable; bioturbation common; facies boundaries sharp mid-slope (G2)  Chough, 1993) or meltwater heavily
or gradational laden with fine-suspended sediments
Thinly Mud to sand showing thin parallel or cross lamination; ranging  Trench (G4), Fine-grained turbidity current (Piper,
laminated in thickness from a few mm to more than a decimeters; lamination ice-stream (G1) 1978; Chough, 1984; Hill, 1984)
mud/sand recognized by alternation of thin silt-rich and clay-rich mud laminae;

occasionally normally graded by upward decrease in silt content;
commeonly form couplets with homogeneous mud; bioturbation very
sparse and facies boundaries sharp or gradational

Wispy Poorly sorted mud showing irregular and discontinuous wavy or  Continental shelf Downslope bottom current with high

laminated mud cross lamination; bioturbation minimal (G1, GS5) and sediment fallout rate (Yoon ef al., 1991;
slope (G2) Yoon, 1995)

Deformed mud Mechanically deformed mud showing microfault and swirl structure Continental slope Slump/slide (Cook, 1979; Hill, 1984;
(G6) Hein, 1985)

Aol AgH EHHRE) 758 53 FHHeE 3MEe] 4 1984; Chough and Hesse, 1985). |83 HH2E-LS Jybd oz
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H Aoy ‘H’—‘ﬂ%‘:}(Stanley and Maldonado, 1981; Chough et al., At
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985; Stow and Holbrook, 1984; Yoon and Chough, 1993). o}-&
4 AE AEDI= B30 Fe7t HEHO AUe AL
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ice-edge bloomel] 2]3+ 725 A& (diatom debris)o] o7 I
FE 52 dX4357] % S (Stow and Holbrook, 1984, Gonthier
et al., 1984) HAgo) G2 FANA oF3l7 £t =9 A F
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(Stow and Holbrook, 1984).
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Fig. 4. X-radiographs of sedimentary facies.
For core locations, see Fig. 1. BT=bio-
turbated mud; DF=deformed mud; HM=
homogeneous mud; IL=indistinctly lay-
ered mud; TL=thinly laminated mud; WL=
wispy laminated mud.
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Fig. 5. Columnar sections and depth profiles of sediment texture, mean grain size and sorting. For core locations, see Figure 1. 1=clay; 2=silt; 3=sand;
4=gravel; 5=bioturbated mud; 6=indistinctly layered mud; 7=homogeneous mud; 8=thinly laminated mud; 9=couplet of thinly laminated and

homogeneous muds; 10=wispy laminated mud; 11=deformed mud.
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A AL dold = ATHCook, 1979; Hill, 1984; Hein, 1985).

A rrJra} olam 227} BYskeol Mxl o x4 e
FHEY, B dyods 71EAH S 2 Damuth(1978, 1980)8] 71
4 Z=E wEith Damuth(1978, 1980)9] EFoME EF W}
de] Weyst Felo) wet 2ekexz BASE Yo aFos
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(), ok FAEe] FAA vehvE B ER A, 28y
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Atk E M ole 540 @43 de] EREAT
(Table 2).

I'able 2. Description and interpretation of echo facies.
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(Fig. 6b). W# WtAlgte] Hele 235 whAlghe) FAshy wkabd
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(undulation)g X ojH
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ticho facies Description

Occurrence

Interpretation

Sharp, continuous bottom echoes with no discrete

‘A subbottom reflectors

A Semi-prolonged bottom echoes with several intermittent
subbottom reflectors; smooth, undulatory, or irregularly
eroded topography

[1B-1 Very prolonged bottom echoes with no discrete subbottom
reflectors; smooth and undulatory surface topography

1[B-2 Very prolonged bottom echoes with no discrete subbottom
reflectors; intense hummocks; undulatory or irregularly
eroded topography

[ITA Large and small, irregular-overlapping hyperbolae with
significantly varying vertex elevations (tens to hundreds
of meters); distinct to semiprolonged bottom echoes

HIC Regular, overlapping hyperbolae with varying vertex

elevations (generally tens of meters); prolonged
subbottom reflection

Continental slope and
trench walls

Floor of incised valleys
in the shelf

Floor of trench and
slope canyons

Continental shelf and
upper slope;

Continental slope and
trench walls

Restricted area of upper
to mid continental slope

Semi-consolidated sediments reworked by
bottom-hugging currents

Composite deposits emplaced by hemipelagic
settling and intermittent turbidity currents
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1978; Pratson and Laine, 1989; Yoon et al., 1991)

Glacial till (Damuth, 1978)
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rock basement or semi-consolidated sediment
(Damuth and Hayes, 1977; Damuth, 1980)

Slope failure or gravity-controlled mass flows
(Embley and Jacobi, 1977; Yoon et al., 1991)




Fig. 6. Typical features of echo facies in the northern continental margin of the South Shetland Islands.
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Fig. 7. Seafloor photographs at coring site G2 (upper continental
slope). Triggering weight is about 10 cm in diameter. For location,
refer to coring site G2 in Figure 1.
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