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Abstract: A detailed analysis of all high-resolution reflection seismic profiles shot by Alfred-Wegener-Institut fiir
Polar- und Meeresforschung (AWI) and Renard Centre of Marine Geology (RCMG) in 1987 and 1990 in the
southeastern Weddell Sea allowed the identification of three major fan systems (1 to 3) within the Crary Fan, each
associated with a well pronounced migrating channel complex. Within these three major fan systems 20 fan sequences
couldbe identified in the study area. Their emplacement on top of'a major erosional unconformity most likely occurred
during periods of glacial advances, and this probably already from Mid-Oligocene times on. The number of identified
sequences and the frequency of changes in depositional regime closely resemble those of the eustatic cycles. It is
postulated that the boundaries between the three major fan systems 1 to 3 reflect the limits between the three
recentmost supercycles (2nd order), and correspond to the Lower Miocene and Middle Miocene sea level drops
respectively. Higher order eustatic changes (lowstands) are regarded to account for the emplacement of the 20

individual fan sequences.
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Introduction

A detailed sequence stratigraphic analysis is presented of
seismic profiles recorded in the southeastern Weddell Sea,
in the area occupied by the Crary Fan depositional system
(Fig. 1). The available data set consists essentially of AWI/
RCMG profiles, shot in 1987 and 1990, and of a number of
seismic sections of the Bundesanstalt fiir Geowissenschaften
und Rohstoffen (BGR) and Norwegian Antarctic Research
Expeditions (NARE).

The Crary Fan sediments were deposited on the continen-
tal slope in front of the Crary Trough, a glacially eroded
depression in the continental shelf with amaximum observed
water depth of 1140 m near the Filchner Ice Shelf. The
bathymetric map (Fig. 1) of the continental margin in the
study area in front of the Crary Trough shows oceanward
convex isobath contours, outlining the position of the fan.
Here, the upper continental slope is more gently sloping than
that on the eastern side of the fan, where itis also characterized
by numerous submarine incisions or canyons (Fig. 1).

Although situated in a rather exceptional environment,
the Crary Fan exhibits a number of classical structural
characteristics of submarine fans (Normark, 1970, 1978),
rather contrary than what is observed in other high-latitude
fan systems. The general structure of the fan, as revealed by
Kuvaas and Kristoffersen (1991), is remarkably simple. Itis
composed of three major fan systems (“stacked lobes”),
consecutively deposited one on top of the other, from W to
E. Each of the systems is characterized by an axial channel,
with widths of several tens of kilometres and a roughly
linear course. The channels gradually fade out towards the
north, in the distal parts of the fan outside the present study
area. Within the study area, they are flanked by thick stacks
oflevee and overbank deposits, indicating a middle to upper
fan context (Normark, 1970, 1978).

Sequence Stratigraphic Approach

Ocean Drilling Project (ODP) site 693 (Leg 113) is the
only stratigraphic reference borehole for the entire eastern
Weddell Sea. Miller et al. (1990) introduced a seismostrati-
graphic model on base of a grid of seismic profiles in the
vicinity of site 693. The depositional sequences identified
on the seismic lines were named by W1 to WS5. The basal
onlap unconformity W1 corresponds to the “Weddell Sea
Continental Margin Unconformity”, postulated by Hinz and
Kristoffersen (1987) to be of Late Middle Jurassic age. The
W4 unconformity represents a local hiatus of about 60 m.y.
(Albian-Aptian/early Late Oligocene). This seismostrati-
graphic model has been extended towards the southeastern
Weddell Sea, where the W4 unconformity splits into two
major sequence boundaries: a lower and strongly erosive
surface WO4a (O: Onlap) and an upper WO4b. In the area
covered by the present study the WO4b surface forms the
base of all Crary Fan deposits. This implies that the em-
placement of the Crary Fan depositional system was prob-
ably initiated already from Mid-Oligocene times.

Where Kuvaas and Kristoffersen (1991) identified three
fan systems, which were numbered 1 to 3 from old to young
(Fig. 1), the high resolution of the seismic data acquired by
AWI/RCMG allowed a more detailed analysis. Up to 20 fan
sequences could be identified above the WO4b unconformity,
all terminating by more or less important onlap/downlap
unconformities. The units identified in the Crary Fan have
been assigned the WF (Weddell Sea Fan) symbol while the
associated channel is labelled with the CH symbol. The first
digit behind the symbol refers to the main fan system (1 to
3), while the second rank digit determines the depositional
sequence itself (Fig. 2).

The base of all presently observed fan deposits, consists
of a set of irregular and discontinuous reflectors, which has
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Fig. 1. Bathymetry of the eastern and southeastern Weddell Sea and seismic grid. Location of three channel systems
(1 to 3) of the Crary Fan (location of channel system 1 after Kuvaas and Kristoffersen, 1991). Major recent ice flow
lines are shown with arrows, after Fiitterer and Melles (1990).

a variable thickness (maximum between 200 m and 300 m)
(Fig. 2). This set of reflectors can be traced in the whole
study area, directly on top of the WO4b unconformity, and
represents a sequence - provisionally named WFO - which is
probably formed in a pre-fan period or an initial phase of fan
outbuilding.

The first true fan sequence on top of these pre-fan deposits
is called WF1 as it is associated with the fan system 1,
discussed by Kuvaas and Kristoffersen (1991) but located
outside our study area. All other sequences observed on
AWI/RCMG data are associated with the fan systems 2 and
3 (Kuvaas and Kristoffersen, 1991).

The fan system 2 and the associated migrating channel
complex CH2 can clearly be recognized on the NARE
profile in Fig. 2, and partly on the AWI/RCMG profiles.
With this fan system we associate 5 sequences, WF2.1 to
WF2.5. The 4 sequences WF2.1 to WF2.4 are all on- or
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downlapping in the southeastern direction against the ero-
sional surface on top of the basal WFO0 unit. The sequence
WEF2.5 can only be traced along the western part of the
Norwegian line (Fig. 2) and seems to be removed by erosion
along the eastern side of the channel. The top of the WF2
systemis characterized by the erosional/onlap surface WF3.1,
which forms the basal unconformity of the WF3 system and
thus actually separates the two major fan systems 2 and 3
(Figs. 2 and 3).

The sequences WF3.1 to WF3.5 are characterized by a
series of strong, continuous and subparallel reflectors. These
reflectors are locally interrupted by mass movement features
or compaction-related deformations, characterized by nu-
merous diffraction hyperbolae (Fig. 3). Fan system 3 has a
strongly asymmetric structure - even more pronounced than
system 2 - with the channels systematically biased to the east
and the levee and overbank deposits on the western side.
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Crary Fan Sequence Stratigraphy












