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Abstract Multichannel seismic data collected off Western Wilkes Land (East Antarctica) reveal the occurrence of mega
debris flow deposits on the lower slope and rise that were formed throughout the Miocene. Commonly, debris flow units
are separated by thin deposits of well-stratified facies, interpreted as predominantly glaciomarine mixed contouritic and
distal turbidite deposits. These units could act as weak layers and could have played a major role in the slope instability.
High sedimentation rates, due to large amounts of sediment delivered from a temperate, wet-based ice sheet, constituted
a key factor in the sediment failures. The main trigger mechanism would probably have been earthquakes enhanced by
isostatic rebound following major ice sheet retreats.
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Introduction

Mass wasting is a common mechanism, both in low-
latitudes and along high-latitude glaciated margins, that
redistributes  shelf-edge and upper-slope sediment
downslope by various gravity-driven processes. Glaciated
margins are known for the importance of mass-movement
deposition. Glaciers can be highly effective agents of
erosion and can deliver large amounts of sediments to the
continental slope, making gravitational instability of the
resulting deposits more likely (e.g. Dowdeswell et al.,
1998, Bryn et al., 2005a and b; Rise et al., 2005 and
2006). In comparison to the Northern Hemisphere, there
are fewer descriptions of mass flow deposits from the
Antarctic margin (Bart et al.,, 1999; Imbo et al., 2003;
Diviacco et al., 2003).

Here we present a synthesis of the main results of
seismostratigraphic analyses performed on multichannel
seismic data collected since the 1980’s in Western Wilkes
Land (i.e. between 110° and 130° E, Fig. 1), by Japan
National Oil Corporation, available through the Seismic
Data Library System (SDLS), and by Geoscience
Australia. These data image widespread mass-movement
deposits on the continental slope and rise, including huge
debris flow deposits (DFDs).

The main aim of this paper is to investigate a possible
relationship between the sedimentary processes, which
led to the formation of widespread mass-movements, and
the fluctuation of the extent of the ice sheet in this part of
the East Antarctic margin.

Cenozoic depositional environment of the western
Wilkes Land margin

Several seismic-stratigraphic analyses have been
performed since the 1980°s over a large portion of the
Wilkes Land margin (i.e. between 135° and 150°E; Sato
et al.,, 1984; Eittreim and Smith, 1987; Hampton et al.,
1987; Tanahashi et al., 1987 and 1994; Eittreim et al.,
1995; Ishihara et al., 1996; Escutia et al., 1997 and 2000;
De Santis et al., 2003; Donda et al., 2003). More recently,
Donda et al. (2007) suggest that the nine seismic

sequences identified by De Santis et al. (2003) can be
grouped into four distinct packages or chronostratigraphic
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Figure 1. Satellite bathymetric map (GEBCO) and
location of multichannel seismic lines collected off
Western Wilkes Land. The distribution of the mass
wasting-related deposits is also indicated (from Donda et
al., in press; modified)

“units”, named Unit 1 to Unit 4 from the oldest to the
youngest, representing different phases in the Mesozoic-
Cenozoic evolution of the Wilkes Land margin (Phase 1
to Phase 4). During Phase 1 (?Late Cretaceous—?Early
Oligocene) this margin was probably ice-free, although
some limited mountain glaciers may have been present
(Strand et al., 2003). Phase 2 (?Early Oligocene-?Early
Miocene) records a progressive increase in sediment input
from the continent, due to a highly dynamic ice sheet
producing abundant meltwater and eroding the continent
rapidly (see also Cooper and O’Brien, 2004). During the
?7Early—?Late Miocene (Phase 3), major submarine
channels developed on the continental slope and rise, and
gravity-driven processes were dominant. During Phase 4
(?Pliocene-Recent), thick, prograding shelf-edge wedges
deposited on the continental shelf and slope, and sediment
transport to the outer shelf was strongly reduced. This
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would reflect that the ice sheet was progressively less
dynamic than during Phase 3, and that a transition to
colder, more polar regimes occurred (Donda et al., 2007).

Main characteristics of the mega debris flow
deposits of western Wilkes Land margin

The eastern and central sector of the study area, i.e.
between 120° and 130°E, are characterized by the
presence of tabular to lenticular, internally chaotic to
semi-transparent sediment bodies (Fig. 2), which we
interpret as debris flow deposits (DFDs). They are
underlain by a high-amplitude reflector, which in places
corresponds to a heavily eroded surface. The upper
bounding surface of the DFDs is commonly characterized
by an irregular to hummocky relief.

These DFDs extend up to 200 km in seaward direction
and their thickness locally reaches 400 m. As such, they
can be classified as “mega debris flow deposits”,
according to Diviacco et al. (2003). In particular in the
eastern sector of the study area (i.e. between 125° and
130°E), the DFDs are characterized by a length of 150-
210 km and a thickness of 175-350 m.

In the central sector of the study area (i.e between
120° and 125° E), debris flows show seaward extents of
100 to 180 km (Fig. 2). Thicknesses range from 90 to 250
m, with maximum values of 400 m in areas more
proximal to the margin. This is the thickest debris flow in
the whole area, buried below a 450-m-thick, well-
stratified facies, interpreted as representing contour
current-related deposits (O’Brien et al., 2006).

DFDs occur as multiple events within Unit 3 and are
separated by thin deposits of well-stratified facies (Fig.
2b), interpreted to consist of glaciomarine mixed
contouritic and distal turbidite deposits, possiby with
some hemipelagic component (see also Donda et al.,
2007). DFDs are also generally overlain by well-stratified
facies, attributed to Unit 4 deposits (Fig. 2). Locally,
mound-shaped or pyramid-shaped, interally chaotic
features, bounded by medium amplitude reflectors,
protruding into overlying facies have been identified
within the DFDs (Fig. 2a). It is suggested that they could
represent rafted blocks, ranging from 1 to more than 3 km
in width.

outrunner blocks

UNIT 4

debris flows

5 km

outrunner blocks

Figure 2. a) Part of multichannel seismic line GA228/21, showing debris flows containing numerous outrunner blocks;
b) Part of the multichannel seismic lines GA228/08, imaging DFDs deposited as multiple events (from Donda et al., in

press; modified).

Age control

In Western Wilkes Land margin, sediments involved
in the mass-movements post-date the regional
unconformity known as WL2 (Tanahashi et al., 1994;
Eittreim et al., 1995, Escutia et al., 1997 and 2000), WL-
U3 (De Santis et al., 2003; Donda et al., 2003; Donda et
al., 2007), or eoc (Close et al, 2007), likely Eocene in age.

2

In order to provide a better estimation of the age of the
DFDs, lines that intersect DSDP Site 268 (Hayes, Frakes
et al., 1975), approximatively 300 km east of our study
area, have been examined. This site is tied by seismic
lines GA228/16, TH83-10 and TH94-19, that show the
same seismic stratigraphic styles described by Donda et
al. (2007). The stratigraphy in Site 268 would suggest that



Donda et al.: Mega debris flow deposits on the Western Wilkes Land margin (East Antarctica)

Phase 4 was of Pliocene to Pleistocene age and that Phase
3 represents sedimentation during the Miocene. The
position of the mass-movement deposits therefore
suggests they formed at various times during the
Miocene.

Discussion

The exceptional sizes of the DFDs likely resulted from
an amalgamation of several, smaller debris flows, which
were part of a multiphase failure event, as also suggested
by Diviacco et al. (2003) for the Alexander Channel
debris flow in the Antarctic Peninsula. The capacity of the
DFDs to incorporate and transport bedload material is
demonstrated by the occurrence of numerous rafted
blocks. The DFDs reveal also an extraordinary mobility,
as demonstrated by their very long run-out distances,
comparable with the Storegga and Traenadjupet slides
(Laberg and Vorren, 2000; Laberg et al., 2002; Bryn et
al., 2005 a, b; De Blasio, 2005; Kvalstad et al., 2005). De
Blasio et al. (2005) suggested that long run-outs are due
to progressive loss of strenght during the downslope
movement of the debris flows, possibly related to water
entrainment underneath the flowing sediments. Such
process is known as “hydroplanning” (Harbitz et al.,
2000). It is then suggested that the long run-out distances
of the Western Wilkes Land margin DFDs could be
related to hydroplanning processes, as a consequence of a
progressive loss of yield strength (Canals et al., 2004).

In the Western Wilkes Land margin, approximatively
off the Totten Glacier terminus, the maximum sediment
thickness (about 850 m) of deposits attributed to Unit 3
has been recorded (O’Brien et al., 2006; Donda et al., in
press). High sedimentation rates could be possibly related
to the progressive growth and evolution of the East
Antarctic Ice Sheet. During the Miocene, high
sedimentation rates are expected to occur in the Wilkes
Land as a consequence of high discharge of meltwater at
the base of a highly dynamic, wet-based temperate ice
sheet. Under such conditions, excess porewater pressure
was possibly created. Overpressure would have been
generated within the intercalated sediments made of
predominant contouritic deposits, possibly deposited
during glacial retreats. These intercalated sediments
would have behaved as weak layers and glide planes.

The main influence of countourites on slope instability
relates to their high water and clay content and plasticity
(Kvalstad et al., 2005; Bryn et al., 2005b). It is then
suggested that contouritic deposits in the Western Wilkes
Land can also have played a role in the slope instability,
representing weak layers above which sediments were
prone to slide. The occurrence of multiple DFDs on
different stratigraphic levels would indicate that this part
of the continental margin has been unstable for a long
time, i.c. at least during the deposition of Unit 3, Miocene
in age.

The lack of DFDs in the western sector of the study
area could be related to the amount of meltwater
discharge. In general, large meltwater discharges favour

rapid, proximal initiation of turbidity currents and relative
sediment starvation on the upper slope (O’Cofaigh et al.,
2003). In the Wilkes Land margin, Donda et al. (2007)
suggested that large amounts of glacial meltwater eroded
and delivered sediments from the continental shelf to the
slope and rise area during Phase 3. However, meltwater
discharge possibly did not occur in a similar way all along
the margin, with some areas delivering larger amounts of
water. Large debris flows in the eastern and central sector
of the study area would suggest a less important role for
melwater in transporting sediment to the rise than further
west.

Trigger mechanisms

As it has been suggested for several Northern
Hemisphere slide events, excess pore pressure could be
invoked as main trigger mechanism for the Wilkes Land
mass-wastings, deposited during high sedimentation rates
as a consequence of high discharge of meltwater.

As a final trigger mechanism, earthquake activity
associated with post-glacial isostatic rebound could be
invoked. During the Miocene, and especially during the
Middle-Late Miocene, variations in eustatic sea level and
in oxygen isotope records would be related to major ice
sheet fluctuations (see Fig. 11 of Donda et al., 2007).
Moreover, the previous notion that Antarctica is
essentially aseismic has been recently disproved, and
loading and partial unloading of ice cover has been
proposed as one of the main factors controlling seismic
activity (Reading, in press). In Wilkes Land, earthquakes
presently occur in the continental shelf and rise area, with
some events reaching magnitudes of 5.0 (Reading, 2002;
Reading, in press). It is then reasonable to suggest that
strong earthquakes occurred in the study area also
throughout the Miocene, when isostatic rebounds were
caused by multiple advances and retreats of a highly
dynamic ice sheet.

Conclusions

Seismostratigraphic analyses performed on
multichannel seismic data collected off Western Wilkes
Land (East Antarctica) reveal the occurrence of
widespread mass flow events throughout the Miocene.

Mega debris flows deposited as multiple events on
the continental slope and rise, locally containing large
rafted blocks. The uppermost part of the Western Wilkes
Land margin stratigraphic sequence, Pliocene to Recent in
age, is not affected by major slope failure. In some areas,
debris flow units are separated by thin deposits of well-
stratified ~ facies, interpreted as  predominantly
glaciomarine mixed contourites and distal turbidites. It is
suggested that these units, due to a dominant contouritic
component, may represent weak layers and could play a
major role in the slope instability. High sedimentation
rates, due to large amounts of sediment delivered from a
temperate, wet-based ice sheet, and consequent excess
pore pressures are suggested to have played a major role
in Western Wilkes Land margin sediment failures. The
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final trigger mechanism would be related to the high
dynamism of the ice sheet, characterized by large
fluctuations during the Miocene. Isostatic rebound
following major ice sheet retreats could be possible at the
origin of large earthquakes, leading to the failure of
sediments already prone to slide.
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