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Abstract: We present the first long-range sidescan sonar (GLORIA) images from the Antarctic continental margin.
Digitally mosaicked GLORIA data collected aboard RRS Charles Darwin show the southern South Shetland fore-
arc region, together with sea-floor fabric to the northwest created by sea-floor spreading at the (now-inactive)
Antarctic-Phoenix Ridge. Features related to the history of interaction between this ridge and the trench at the Pacific
margin of the Peninsula are observed between the C and Hero Fracture Zones (FZs). The deformation front of the
accretionary prism is seen to extend to the SW of the Hero FZ, and has formerly been presumed to be the southwestern
limit of active subduction. This is interpreted to indicate renewed subduction to the SW of the Hero FZ since ridge
crest-trench collision about 5 Ma. A very steep slope directly south of the accretionary prism may have been formed
by tectonic erosion of the lower forearc prior to ridge crest-trench collision. SW of the C FZ, four large meandering
channel systems are seen. These have probably been generated by turbidity currents that transport sediment across
the central continental rise. Tributary gullies are seen on the uppermost rise. Numerous small seamounts are observed,
particularly near the C FZ, where they form an apparently SE-younging chain.
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Introduction

InMarch 1989, RRS Charles Darwin surveyed 85,000 km?
of the Antarctic Peninsula Pacific margin and adjacent
ocean floor using the GLORIA sidescan sonar system. The
main objective of the survey was to aid investigation of
Antarctic shelf-slope-rise sediment transport and Neogene
ridge crest-trench (RC-T) interaction. This was the first
long-range sidescan sonar survey of any part of the Antarctic
continental margin.

The area covered by the southwestern part of the GLORIA
survey has been tectonically inactive since the Miocene
(Larter and Barker, 1991a). Here, the images provide in-
sights into sediment transport processes, many of which
may be applicable to the Antarctic continental margin in
general. The northeastern part of the survey aids under-
standing of tectonic events leading up to the oblique RC-T
collision along the segment of the margin between the “C”
and Hero fracture zones (FZs), which took place 5.5-3.1 Ma
(Larter and Barker, 1991a), but also shows signs of more
recent tectonic activity.

Tectonic setting

During the Cenozoic there has been a northeastward-
migrating series of collisions between ridge crest segments
of'the Antarctic-Phoenix Ridge and a trench at the Antarctic
Peninsula Pacific margin (Fig. 1) (Herron and Tucholke,
1976, Barker, 1982; Larter and Barker, 1991a). The
GLORIA survey covers segments of the margin where RC-
T collision took place 14.5-13.5 (£0.6), 10.0 (£0.4), 6.0—
5.6, and 5.5-3.1 Ma. In each collision zone subduction
stopped and trench basement topography was eliminated at
the time of collision (Tucholke and Houtz, 1976; Larter and
Barker, 1991b). Following each collision there was a phase
of uplift of the opposing segment of the margin lasting 1-4
m.y. Subsequently, as the thermal pulse associated with

collision decayed, the margin began to subside, behaving
like a young passive margin (Larter and Barker, 1991b).

To the NE of the Hero FZ, spreading stopped at about the
time of the last collision (3—4 Ma), before the ridge crest had
reached the trench (Fig. 1). Subduction is thought to have
continued, slowly, causing roll-back of the hinge of sub-
duction and back-arc extension in Bransfield Strait (Barker,
1982; Barker and Dalziel, 1983; Pelayo and Wiens, 1989;
Jeffers and Anderson, 1990; Gamboa and Maldonado, 1990;
Larter and Barker, 1991a).

Neogene sedimentation

The pattern of Neogene sedimentation on this margin has
been controlled mainly by the tectonic events described
above and the progressive cooling and glaciation of the
Antarctic Peninsularegion (Larter and Barker, 1989, 1991b).
The uplift of the margin which followed each RC-T collision
created a barrier to cross-shelf sediment transport (the
“Mid-shelf High”) which caused a hiatus in deposition on
the outer shelf, slope and rise of the Miocene collision
zones. During Pliocene-Pleistocene time, grounded ice
sheets have expanded to the shelf edge at times of glacial
maximum, overriding the residual relief of the Mid-shelf
High and renewing the supply of terrigenous sediment to the
margin.

The repeated advance of grounded ice sheets to the edge
of the continental shelf has created a sedimentary regime on
Antarctic continental margins which is quite different from
those prevailing at low latitudes (Wright and Anderson,
1982; Larter and Barker, 1989; Cooperetal.,1991; Hambrey
et al., 1992). There is a pronounced cyclicity in sediment
supply to the margin: little sediment is transported to the
shelf edge during interglacials, but large volumes of debris
are supplied during glacials. Most debris is probably trans-
ported to the margin in a deforming basal layer beneath the
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Fig. 1. 20 Ma reconstruction and present day setting of the SE Pacific highlighting the series of collisions that took
place between ridge crest segments of the Antarctic-Phoenix Ridge and a trench at the Antarctic Peninsula Pacific
margin. Ridge crest segments that are no longer active are shown dashed. Box indicates limits of bathymetry map
shown in Fig. 2. NAZ = Nazca plate, SAM = South American plate, PHO = Phoenix plate, SCO = Scotia plate, ANT
= Antarctic plate, SHET = South Shetland microplate, HFZ = Hero Fracture Zone, CFZ =“C” Fracture Zone, NAFZ
= North Anvers Fracture Zone. Reconstruction from Larter and Barker (1991a).

ice sheet (Alley et al., 1989). This implies deposition from
a “line source” at the continental shelfedge (Haugland ez al.,
1985; Bartek et al., 1991; Cooper et al., 1991; Larter and
Cunningham, in press), in contrast to the point sources
(submarine canyons and prograded river delta distributaries)
which feed most sediment to the slope on low-latitude
margins. The change in continental margin sedimentary
processes resulting from the advance of grounded ice to the
shelf break, appears to be reflected in a change in seismic
facies on the continental rise which suggests a transition to
a higher energy sedimentary regime (Leitchenkov and
Kuvaas, 1991; Larter and Cunningham, in press).

GLORIA Mosaic

Acquisition and processing

The GLORIA survey of the Peninsula occupied 12 days,
during which time magnetic, gravity, 3.5 and 10 kHz echo
soundings and two-channel seismic reflection data were
also collected. With the exception of a swath parallel to the
continental slope, the survey lines were oriented E-W, in
order to image simultaneously features trending approxi-
mately NW-SE (fracture zones and deep sea channels) and
approximately NE-SW (spreading fabric and slope parallel
features).

The GLORIA system (Somers et al., 1978) transmits a
two-sided beam from a vehicle towed 300 m behind the
survey vessel and approximately 50 m below the sea surface.
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A 30 s pulse repetition rate produces a swath approximately
22 km wide each side of the ship’s track. Down-range
resolution is about 45 m, and along-track resolution (at 16
km/h) varies from about 120 m near the ship’s track, to about
900 m at far range (Searle et al., 1990).

Raw GLORIA sonographs were first corrected for geo-
metric and amplitude distortions. The two most important
geometric distortions are slant range distortion, arising from
the fact that the sonar records energy returned along a
slanting ray path rather than horizontally, and anamorphic
distortion, due to difficulties in maintaining a constant
cruising speed. Amplitude distortion arises chiefly from
inadequate compensation for the uneven sonar beam pattern
(Searle er al., 1990). Next, the data were transformed
from line-and-pixel coordinates to map coordinates (in this
case, using the Lambert Conformal Conic Projection).
Overlapping swaths were then mosaicked interactively on
an image-processing workstation. Finally, a false colour
composite was created from the original 8-bitimage (Chavez,
1986), in which areas of high backscatter appear orange/red
and areas of low acoustic return are blue. Previous work,
comparing GLORIA sonographs with other data sets
(Whitmarsh and Laughton, 1975; Searle and Laughton,
1977; Searle, 1984), has shown that long narrow, strongly
reflecting lineaments seen on GLORIA sonographs are
usually fault scarps, while slightly broader ones are volcanic
ridges. Areas of seafloor containing rough, unsedimented
lavas produce broad regions of strong backscatter. Heavily


















