
INTRODUCTION AND TECTONIC SETTING

The passive subduction of oceanic lithosphere is an inter-
esting case of study, because the pull-down forces of the
dense subducting slab still continue to act when active
spreading, at the mid ocean ridge, ceases. This change in the
stress regime at convergent margins induces a significant tec-
tonic relaxation in the subducting plate and back-arc areas. 

Passive subduction implies bending and roll-back of the
oceanic lithosphere (Royden, 1993). Generally, the extension
rate affecting back-arc basins balances the seaward moving
rate of the trench axis, as observed along the Carpathian-Pan-
nonian system (Royden, 1988; Nemcok et al., 1998) and the
Thailand Basin (Morley, 2001). The extension affecting the
oceanic plate is mainly represented by normal faults, associat-
ed to horst and graben structures (Masson, 1991). These
structures are observed along the northern Chilean margin
(Scholl et al., 1970; Schweller and Kulm, 1978; Carbotte and
Macdonald, 1994) and along the Japan trench (Kobayashi et
al., 1998), with variable orientation respect to the margin
strike (Kobayashi et al., 1998; von Huene and Ranero, 2003;
Ranero et al., 2003). Moreover, the presence of morphologic
roughness on the incoming oceanic plate (horsts, grabens and
seamounts) can significantly alter the geometry and morphol-
ogy of the trench and at the frontal part of the accretionary
prism, inducing local deformation and tectonic erosion
(Hilde, 1983; von Huene, 1986; Ballance et al., 1989). In this
context, the mechanical response of the oceanic plate, seg-
mented by transform faults, could laterally change because of
the different age and physical properties pertaining to each
subducting lithospheric segment.

The passive subduction analysis, of the last Phoenix
(PHO) Plate segment beneath the South Shetland continental
margin, offers the opportunity to study the shallow deforma-
tion in the trench. The PHO Plate is the last remnant of the

Nazca Plate subduction beneath of the Antarctic (ANT)
Plate, bordered by the Hero, to the SW, and by the Shackle-
ton Fracture Zones (FZs) to the NE (Fig. 1; Sandwell and
Smith, 1997). The structural complexity of the Pacific mar-
gin of the Antarctic Peninsula (AP) is caused by the long
lived tectonic history of the ridge-trench collisions progress-
ing from the SW to the NE (Barker, 1982; Larter and Barker,
1991). Nazca Plate subduction was active along the Pacific
margin of Gondwana Land from the late Paleozoic time
(Pankhurst, 1990) to 4 Ma (Larter and Barker, 1991), when
spreading at the ANT-PHO Ridge ceased (GRAPE Team,
1990). This hypothesis is confirmed by the absence of signif-
icant seismicity along the ANT-PHO Ridge (box in Fig. 1);
instead recent seismic events recorded within the fore-arc re-
gion of the South Shetland (see box included in Fig. 1; and
website http://epsc.wustl.edu/seismology/SEPA) indicate
that the subduction zone is still active (Robertson Maurice et
al., 2003). The Shackleton FZ along the northeastern side is
active (Thomas et al., 2003), whereas the Hero FZ along the
southwest side is locked (Barker, 1982). The surface projec-
tion of these two main fracture zones are also delimiting the
lateral extent of the Bransfield Microplate (Lawver et al.,
1995), which is separated from the AP by the opening of the
back-arc basin and related to the ridge spreading cessation
(Barker and Dalziel, 1983). The Bransfield Microplate is
moving seaward with a convergence rate of about 1 cm/yr or
slower (Dietrich et al., 2001; Smalley et al., 2003).

The passive subduction at the South Shetland trench is
characterized by: 1) geometry of subduction with an angle
of incidence that progressively decreases moving from the
Hero towards the Shackleton FZ; 2) bending and roll-back
of the oceanic plate due to the cessation of ANT-PHO
spreading centre; 3) extensional regime in the incoming
oceanic plate (caused by the stress relaxation); 4) opening of
the Bransfield Strait back-arc basin.
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ABSTRACT

In order to study the differential passive subduction among the three oceanic segments of the Phoenix Plate remnant, the R/V OGS-Explora acquired new
geophysical data in the South Shetland Trench (offshore to the Antarctic Peninsula). 

An integrated geophysical dataset was acquired in the trench across the incoming oceanic plate segmented by the “D” and “E” oceanic Fracture Zones,
and along the frontal part of the Antarctic Peninsula accretionary prism. We present here a high resolution multibeam bathymetry map, Chirp sub-bottom pro-
files and marine magnetic data to study changes in the deformational style along strike and to better understand features and processes of passive subduction.

The new multibeam image and Chirp data display in detail shallow structures affecting the seafloor as a response to crustal deformation. Normal faults,
bounding horst and graben structures cutting the incoming plate, are detected and characterized by variable orientation with respect to the inferred “D” and
“E” Fracture Zones. Normal faults, width and depth of the trench and morphology of the frontal prism are related to bending and roll-back of the Phoenix
Plate, and to inherited structural discontinuities. Some of these oblique faults offset the seafloor, with variable throws and with local dip changes.

The orientation of the oblique faults, the different depth of the three oceanic segments and narrowing and deepening of the trench indicate that differential
coupling between the Hero, Shackleton, “E” and “D” Fracture Zones may locally modify the regional stress field orientation and the sinking of each oceanic
segment, during bending and roll-back.



The PHO oceanic plate remnant is segmented into 3 main
blocks (Barker, 1982) by the “D” and “E” FZs (Fig. 1). The
age of the oceanic lithosphere entering the subduction zone
increases from 14 Ma (to the SW) to about 23 Ma (in the
NE), according to magnetic chrons identification (Larter and
Barker, 1991). This is also confirmed by the distance be-
tween ANT-PHO Ridge segments and the South Shetland
Trench, and the obliquity of the subduction with respect to
the margin. Each segment is characterized by different prop-
erties, such as: thickness, density, elastic thickness and
rigidity. These differences are recorded by (i) lateral vari-
ability of the trench and prism morphology, (ii) plate tecton-
ic setting (Kim et al., 1995), (iii) sediment blanketing, (iv)
deformation of the continental margin and (v) associated
magmatism (Hawkes, 1981). In particular, different strain
patterns should be expected to affect the subducting oceanic
segments, if each of them is controlled by its elastic proper-
ties. In order to test these hypotheses in the study area (Fig.
1), an integrated geophysical cruise was performed during
the Antarctic summer 2003-2004, onboard R/V OGS Explo-
ra. Data were collected as part of the Program SLAPPSS
(Subduction of the LAst Phoenix Plate segments beneath the
South Shetland margin, Antarctic Peninsula), supported by
the Italian Programma Nazionale di Ricerche in Antartide
(PNRA). The geophysical dataset is composed by high-reso-
lution multibeam bathymetry, Chirp profiles, magnetic mea-

surements, reflection and refraction (Ocean Bottom Seis-
mometer) seismic data. In this paper we present multibeam
bathymetry, Chirp profiles and a magnetic profile to analyse
the shallow geological structures.

GEOPHYSICAL DATA ACQUISITION 
AND PROCESSING

Multibeam bathymetry data 

The high-resolution bathymetry was acquired using the
new Seabat 8150 multibeam system on the OGS Explora,
with a nominal depth range of 0.1-15 km, 234 beams and a
nominal frequency of 12 kHz. Data acquisition and process-
ing was performed using the PDS2000 software, that al-
lowed us to produce a high resolution bathymetric image of
about 9.700 km2 (Fig. 2). The acquisition was completed
with 7 swaths parallel to the trench axis. The swath cover-
age is about 10 km across considering about 15% for swath
overlap, which corresponds to 2.5 times the water depth.
The maximum depth exceeds 5000 m. The sea water veloci-
ty was measured by 4 CTD probes in the water column.
Editing of the navigation and filtering on raw data were ap-
plied to remove noise. The horizontal resolution, which cor-
responds to the grid cell size, is about 150 m, whereas the
vertical resolution is about 20 m.
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Fig. 1 - Shaded relief morpho-structural map
of the subducting Phoenix Plate (modified
from Sandwell and Smith, 1997). The solid
rectangle indicates the study area; the single
arrow indicates the direction of plate conver-
gence; coupled arrows indicate the left-lateral
transcurrent movement along the Shackleton
Fracure Zone (FZ). The inset box shows the
seismicity with black dots (derived by the
web site http://www.seismology.harvard.edu/
CMTsearch.html).



Sub-bottom Chirp data

About 1000 km of Chirp profiles were acquired, along
the multibeam passages. The CAP-6600 Chirp II, with 16
transducers and 2-7 kHz of sweep, was used. The sonar op-
erating frequency is 7 kHz and the maximum nominal pene-
tration is about 100 m in soft sediments.

The Chirp provides instantaneous amplitude records,
that allow image processing of the data. The output traces
had to be set to constant sampling number, with starting
time acquisition equal to zero and variable end time, ac-
cording to the water depth. Thus, the resolution of acquired
data is a function of the total depth; the sampling rate is
0.533 ms and the uncertainty is in the order of one meter. A
sea bottom mute and a weighted moving average on a panel
consisting of seven traces were applied to the data to im-
prove the lateral coherence and the signal to noise ratio.
The low quality of data is due to the loss of high frequen-
cies and to the impossibility to select an appropriate sam-
pling rate. All Chirp images, shown in the figures, were
processed using the Seismic Unix (Cohen and Stockwell,
2003) free software package and plotted using the same
vertical exaggeration.

Magnetic profiles

Magnetic profiles were collected during the bathymetric
survey by using the Sea Spy Magnetometer, which is char-

acterized by an operating range of 18000-120000 nT, a reso-
lution of 1 nT and a sample frequency of 4-0.1 Hz. Data
processing is not shown here, because the target of this
study to analyse the main shallow structural trend of the
South Shetland trench area.

RESULTS

The integrated analysis of multibeam bathymetry, sub-
bottom and the magnetic profile lead us to: 1) image the
main investigated areas (the incoming oceanic plate, the
trench and the outer accretionary prism); 2) highlight the
morpho-structural elements that record the passive sub-
duction of the last PHO Plate segments; 3) understand the
tectonic relationship between investigated zones and shal-
low deformations associated to the passive subduction
mechanism.

Morphology of the investigated area

The high resolution bathymetric map (Fig. 2) reveals the
morphology of the three main areas in the South Shetland
trench: 
– the outer rise of the oceanic plate,characterized by

basaltic rocks of MORB affinity, is covered with a limit-
ed thickness of pelagic and hemi-pelagic sediments;
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Fig. 2 - High resolution bathymetric map (Multibeam image) of the investigated area. S- Southern; C- Central; and N- Northern segments. Thin lines indicate
all Chirp profiles; thick black lines indicate the location of Chirp profiles analysed in this paper and displayed in Figs. 3 and 4. Dashed grey line indicates the
location of the magnetic profile displayed in Fig. 6b. Ellipses border morphological highs.



– the South Shetland trench axisis characterized by an ir-
regular shape and geometry (Fig. 2), and is filled by tur-
biditic and hemi-pelagic sediments;

– the frontal part of the upper plate, which corresponds to
the frontal accretionary prism, is characterized by a fairly
linear continent-ocean boundary and by accumulation of
off-scraped trench sediments.

Outer rise of the oceanic plate 

The average depth of the oceanic domain, on the outer
trench side, decreases from the trench towards the outer rise
of the oceanic plate (Fig. 2) and, generally, is larger in the
central segment than in the adjacent segments. The investi-
gated area includes the “E” and “D” FZs (Fig. 1), that divide
the oceanic plate in three main segments here indicated as
Southern, Central and Northern segments (Fig. 2). The “E”
and “D” FZs do not have clear expression on the high-reso-
lution bathymetry map, consequently their location and ori-
entation were derived from the bathymetry estimated from
altimetry and from gravimetry anomalies (Fig. 1).

Several morphologic features, represented by highs,
elongated ridges and troughs, characterize the Southern
segment. A seamount, located on the oceanic plate next to
the trench Fig. 2), is interpreted as a volcano, due to its
conic shape and to a small depression on its top (interpreted
as a crater). The volcano was named “Explora” and is ap-
proximately 0.5 km high and 7 km wide. The seafloor mor-
phology of the Central oceanic segment is smoother and lo-
cally deeper than surrounding areas, and is interrupted by a
narrow and elongated morphologic high, oriented quasi-or-
thogonal to the ”D” and “E” FZs. The Northern segment
morphology is characterized by many elongated highs,
slightly oblique with respect to the continental margin. The
shape of some of these highs suggests that their origin is
likely volcanic (Fig. 2).

On the whole, the oceanic domain is affected by a wide-
spread pattern of oblique lineaments, cutting across all three
segments with variable orientation. In the Southern segment
the lineaments show a NE trend, making an angle of about
53° with respect to the direction of the “D” FZ (Fig. 2). The
“Explora” volcano is located on one of these lineaments and
shows a clear normal fault, splitting the edifice and the top
caldera in two. In the Central segment these lineaments de-
crease in number to one or two, and are generally character-
ized by a smaller relief and display an orientation almost or-
thogonal to the FZs. In contrast, in the Northern oceanic seg-

ment they become more abundant, closer spaced and oblique-
ly oriented, with an angle of about 72° respect to the “E” FZ.

South Shetland trench 

The trench is irregular in shape and depth: it is wider and
reaches about 5000 m of maximum depth (Fig. 2) in its
northeast part, whereas, in the southernmost part, close to
the “Explora” volcano location, it is very narrow and about
4700 m deep. Therefore, the trench deepens slightly north-
east-ward. Narrow morphological irregularities, likely due
to erosion of bottom currents, characterize the trench and
are smoothed by sedimentary infill. On the ocean side, the
trench is characterized by an irregular shape and zigzag
trend geometry (Fig. 2). In the Southern segment the axial
trench is very narrow and the frontal part of the accretionary
prism shows a landward indentation, of about 3 km, with re-
spect to the regional trend. 

Frontal part of the upper plate (accretionary prism)

The outer front of the accretionary prism is a linear re-
gional feature that represents the plate boundary between the
PHO Plate and the Bransfield Microplate. It is generally
characterized by short wavelength morphological lobes, sep-
arated by narrow and deep canyons descending along the
slope orthogonal to the trench axis (Fig. 2). The multibeam
survey area was not large enough to image the entire accre-
tionary prism, but, on the base of previously published seis-
mic data (Kim et al., 1995; Aldaya and Maldonado, 1996) it
should be relatively narrow (in the range of 10-20 km). 

Sub-vertical fault scarps and throws

In spite of the low penetration and limited spatial resolu-
tion of sub-bottom profiles, sub-vertical scarps and throws
along the main morpho-structural lineaments were clearly
detected and shown on the multibeam bathymetry map. The
most relevant lineament within the entire investigated area
is located in the Southern segment. From southwest to
northeast, it shows significant vertical displacement of the
seafloor, with the down wall side generally facing the trench
(towards SE). The largest throw was observed along the
Chirp line F1 (Fig. 2), with a vertical displacement of about
0.22 s (one way travel time) near shot point (s.p.) 420 (Fig.
3a), showing a deep of about 320 m (assuming a seawater
sound velocity of 1470 m/s). In this case, the scarp repre-
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Fig. 3 - a: Chirp line F1. Thick arrows indicate relative movements of faulted oceanic sediments. The fault plane is indicated with the white line; the maxi-
mum offset of the seafloor is about 320 m. b: Chirp line D1 located northwards (Fig. 2); the maximum offset of seafloor is about 220 m in correspondence of
s.p. 500. c: Chirp profile E2, the maximum offset is about 180 m. 



sents a sub-vertical normal fault southeast-ward dipping.
This extensional fault is quite continuous and can be fol-
lowed farther to the N (Fig. 2). On the Chirp line D1, near
s.p. 630 (Fig. 3b), the down wall throw dipping to the SE is
reduced to about 40 m, whereas near s.p. 500 the down wall
throw slightly dipping northwest-ward shows an offset of
about 220 m. A basin (half-graben type), about 7.5 km wide
between s.p. 250 and 500 (Fig. 3b), is bordered on one mas-
ter side by this fault which controls its opening. This is de-
duced by the -4000 m bathymetry contour line trend (Fig. 2)
and by the scarp fault detected on the Chirp lines (Figs. 3b
and 3c). 

Moving to the north, along the Chirp profile E2 (Fig. 3c),
the down wall is still dipping to the NW, but with a reduced
offset to about 170 m. Probably this major fault continues
northwards with a decreased offset and stops in correspon-
dence of the “D” FZ, as suggested by the shape of -4000 m
contour line (Fig. 2).

In the Central segment no evident bathymetric linea-
ments are recorded and only one small ridge is present, ori-
ented parallel to the trench axis as suggested by the depth
contour lines (Fig. 2). In the Northern segment the bathyme-
try is characterized by a linear trend oriented slightly
oblique to the trench axis (Fig. 2).

The newly discovered “Explora” Volcano (Fig. 2) is cut
by a normal fault, detected on the Chirp line F1 (Fig. 4a),
which offsets the seafloor of more than 100 m toward the
trench. By integrating the multibeam image with the sub-
bottom profile it is possible to reconstruct the shape of the
edifice and to map the direction of the normal fault. This
fault that cut the volcano was recorded on s.p. 720 and par-
tially obscured by diffractions. This normal fault offsets the
irregular seafloor morphology by more than 150 m, slightly
dipping to the southeast-wards. The acoustic reflectivity of
the volcano is higher than that of the trench sediments to the
SE, suggesting petrophysical differences between the two
areas. The seafloor offset related to the normal fault abrupt-
ly decreases to a few meters towards NE, as shown by Chirp
line C2 (Fig. 4b). 

DISCUSSION

The bathymetric survey and Chirp profiles show the
presence of new extensional elements, such as the oblique
lineaments and the spatially associated young volcanic edi-
fices on the oceanic domain. These features represent the
surface expression of the plate bending and roll back of the
PHO oceanic Plate. The subduction is tightly constrained by

the boundary conditions represented by the Shackleton and
Hero FZs. The bounding FZs, together with the recent sub-
duction history of the PHO Plate, have an important role on
the fate and evolution of the oceanic plate remnant. The
combination of subduction rate, geometry (direction of con-
vergence, different age of segments) at the South Shetland
Trench, and stress regime across the adjacent boundaries
likely control the bending of the oceanic plate, as well as the
shape of the trench and of the accretionary prism along the
AP margin. These new elements and observations improve
previous structural analysis (Kim et al. 1995; Aldaya and
Maldonado, 1996; Larter and Barker, 1991) and allow us to
propose a new geological model. 

Shallow morpho-structures of the subducting plate

The Multibeam bathymetry reveals the morphology of a
limited portion of the South Shetland Trench, showing in
detail its extension and character.

The bathymetry of the oceanic domain across the three
segments, at about the same distance from the trench, shows a
regional pattern characterized by a greatest depth in the cen-
tral oceanic segment. The seafloor depth slightly decreases in
both directions moving away from the central segment. This
observation is confirmed by previous studies (Lodolo et al.,
2002; Kim et al., 1995) and could be extrapolated, with local
differences, to the top of the oceanic crust entering the sub-
duction zone. The Southern and Northern segments show
normal faults, forming an angle with the trench and plate
bending axis, and are characterized by a shallower and
rougher seafloor morphology with respect to the Central seg-
ment, where a single ridge parallel to the trench axis was de-
tected. These morphological and structural elements suggest
that the stress field affecting the bending of the oceanic plate
changes from one segment to the other across the “D” and
“E” FZs, which are likely characterized by a weak coupling. 

The trench is still evolving after the stop of the ANT-
PHO Ridge active spreading and is filled by Middle
Miocene to present sediments (Camerlenghi et al., 1997;
Rebesco et al., 2002). Despite the stop of spreading, the de-
formation of the recent sedimentary sequences, imaged by
seismic sections across the South Shetland Trench (Lodolo
et al., 2002; Kim et al., 1995), and by the seismicity record-
ed in the area (Pelayo and Wiens, 1989; Larter, 2001; see
the website http://epsc.wustl.edu/seismology/SEPA), con-
firms that the subduction is continuing, as a probable conse-
quence of the slab pull-dawn sinking and of the push of the
Bransfield Microplate towards NW (Dietrich et al., 2001;
Smalley et al., 2003).
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Fig. 4 - a: Chirp profile F1 located close to
the trench; thick arrows indicate the relative
movement along a normal fault indicated with
a white line; the maximum offset of the
seafloor is about 160 m. b: Chirp profile C2;
the white line indicates the probable fault or
morphological discontinuity showing maxi-
mum offset of about 60 m. 



The morphology of the trench ocean side is locally con-
trolled by the recent oblique fault pattern, as suggested by
its sharp bends in correspondence of these lineaments (Fig.
5). Moreover, the trench morphology could be partially con-
trolled by the presence of “D” and “E” FZs, that favour the
differential sinking of each oceanic segment and by the
northward regional trench widening, even if the FZs are not
located in correspondence of the main sharp bends (Figs. 2
and 5). The oceanic crust, to the south, is younger and con-
sequently the sinking would be smaller; in fact, the Hero FZ
is a discontinuity that separates the southern locked to the
northern passive subducting margin, whereas the Shackleton
FZ separates two plates that are still moving (Thomas et al.,
2003) allowing the sinking of the Northern segment. The lo-
cal narrowing of the trench, in the southern segment, could
also be partially due to the “Explora” Volcano (Fig. 5),
which is approaching the trench axis. The seamount, inter-
acting with the frontal prism before being subducted, can
produce the narrowing of the trench, as observed along
many circum-pacific margins (Fisher et al., 1998; Ranero
and von Huene, 2000; Lallemand et al., 1994) and by labo-
ratories experiments (Dominguez et al., 2000).

In the Southern segment the trench is narrower and shal-
lower than in the Northern segment due to the (i) different
buoyancy, (ii) relative movements along the lateral plate
boundaries (Hero and Shackleton FZs) and (iii) oceanic
roughness. In the Northern segment, the trend and character
of the outer deformation front is represented by elongated

ridges and small lobes affecting trench sediments trough
thrust faults (Fig. 5). The young ridges are likely the bathy-
metric expression of trench sediments scraped off and piled
up onto the top of the main decollement, as observed in oth-
er accretionary prisms: Southern Chile (Loreto, 2005),
Southern Barbados (Huyghe et al., 2004) and Nankai
(Gulick et al., 2004). An other possible explanation about
the morphology of the frontal prism could be that it is pro-
duced by slumping of unstable sediments and by a meander-
ing of the bottom current stream.

The morphology of the frontal prism is incised by narrow
and deep canyons, crosscutting orthogonally the accre-
tionary wedge (Fig. 5). They probably cut the entire conti-
nental slope, from the shelf break down to the trench, and
are incised by erosional turbiditic currents characterized by
high density and velocity. These currents can be associated
to mass wasting of glacial sediments during the Upper Qua-
ternary glacial and interglacial periods, as analysed along
peri-Antarctic margins (Pudsey and Camerlenghi, 1998; Ku-
vaas et al., 2005). The location of the deep canyons could be
also controlled by tectonic lineaments, such as those in cor-
respondence of the subducted transform faults (Fig. 2).

Oblique lineaments affecting the segmented 
oceanic crust

The joint analysis of the bathymetric map and Chirp data
reveals the presence of a newly recognised structural pattern
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Fig. 5 - Shaded relief morpho-bathymetry image of the investigated area. The schematic morpho-structural interpretation is also shown. Solid orange ellipses
indicate the volcanic edifices; B- half-graben basin. Black dots indicate earthquake events obtained from the web side http://epsc.wustl.edu/seismology/SEPA.
Dasched box shows the location of figure 6.



affecting the last remnant PHO Plate and formed by normal
faults, associated to horst and graben structures, that are
obliquely oriented to the “E” and “D” FZs. The faults and the
absence of sub-horizontal sediments on the edge of the Ex-
plora Volcano suggest that the activity of oblique faults and
of the volcanic eruption is recent to present. Moreover, the
activity of oblique faults is supported by recent earthquakes
occurring near some of these morpho-structures (Fig. 5). 

The “Explora” Volcano is coincident with a major exten-
sional lineament within the Southern segment (Fig. 4a), and
is cut by a normal fault (Fig. 6a), suggesting that recent tec-
tonic activity followed its emplacement. The lobate mor-
phology of the sea bottom close to the volcano is character-
ized by the absence of sub-horizontal sedimentary cover
(Fig. 4a). This, combined with the magnetic anomaly signa-
ture, suggests that the activity is recent and favoured by the
extensional tectonics. Unfortunately, it is not possible to
date the age of the last eruption due to the lacking of any
rock and sediment samples. The magnetic anomaly close to
the volcano has a positive signature of about 200 nT (Fig.
6b), suggesting that the last eruption occurred during the
normal Earth magnetic field. Other two seamounts, located
within the Northern segment, are interpreted as small volca-
noes and are characterized by an elongated shape oriented
parallel to the oblique extensional lineaments (Fig. 5).

Oblique faults show significant offsets of the seafloor,
mainly in the SW oceanic segment (Fig. 3), that become less
pronounced close to the trench axis (Fig. 4) and toward the
outer rise (Fig. 5). The fault offsets close to the trench could
be masked by trench infill and distal bottom current sedi-
mentary deposits, whereas the decreased offset toward the
outer rise could be due to the less intense plate bending. On
the base of the analysis of these geometric features it seems
that the plate bending partially controls the activity of normal
faults, as analysed along the Costa Rica margin (Ranero et
al., 2003). The smooth morphology of the Central segment is
affected by few lineaments oriented orthogonally to the “D”
and “E” FZs (Figs. 2 and 5). These structural and morpho-
logical characters abruptly change in correspondence of the
“D” and “E” FZs suggesting that they could act as mechani-
cal discontinuities, causing different coupling that might in-
crease the bending of the Central segment. Thus, we specu-
late that the crustal thickness, related to the different age of
each single segment, cannot exhibit an appropriate expres-

sion, because of a significant change in the coupling at the
”D” and “E” FZs and at the PHO plate boundaries. 

In the Southern and Northern oceanic segments the nor-
mal faults are oriented with a direction that forms a differ-
ent angle with the continental margin strike (Fig. 2). This
oblique normal faults system through the oceanic remnant
does not appear to cut across the oceanic segment bound-
aries (Fig. 5), suggesting that the FZs act as a mechanical
boundary to the propagation of the deformation (Figs. 2
and 5). The expression of these FZs may be masked by sed-
imentary deposits of trench and distal bottom current, simi-
lar to those south of Hero FZ (Camerlenghi et al., 1997;
Rebesco et al., 2002). The oblique extensional pattern inter-
sects the trench and shape the accretionary prism. The ex-
tensional character of the oblique trending faults, that form
localized horst and graben structures (Kim et al., 1995),
suggests that they are produced by the plate bending and by
the presence of inherited oceanic spreading fabric or by
pre-existing weak zones, as observed along other margins
(Masson, 1991; Ranero et al., 2005). We hypothesize that
the orientation of this normal faults system could be con-
trolled by the different coupling along the transform faults;
it is likely higher along Hero and Shackleton FZs and lower
along “D” and “E” FZs, thus able to modify the stress field
orientation.

Geological model

The seafloor depth and morphology suggest that the me-
chanical coupling along the two “E” and “D” FZs is not as
strong as along the two main FZs (Hero and Shackleton).
The combination of bending and retreat of the plate, with
the strong coupling along the lateral boundaries of the PHO
Plate, modifies the stress field from the Northern and South-
ern segments towards the Central one. The result is the de-
velopment of horst and graben structures, associated to nor-
mal faults, showing variable orientation on the incoming
segments, which tend to propagate backwards, in agreement
with the roll-back of the subducting oceanic plate. The roll-
back of the oceanic plate favours the opening of the Brans-
field Strait back-arc basin, which might episodically induce
compression at the South Shetland Trench.

The geological model that explains these features com-
bines the effects of three main processes:
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Fig. 6 - a: Detailed shaded relief morpho-bathymetry image in the area around the “Explora” Volcano. b: Magnetic profiles acquired in the area. The red pro-
file is located along the Chirp line B1 and B2 (Fig. 2).



– the angle of incidence of the incoming oceanic subduc-
tion, composed by 3 oceanic segments that are character-
ized by different ages and thickness, with respect to the
AP continental margin;

– the different coupling of FZs bounding the oceanic seg-
ments; 

– the bending and roll-back of the oceanic plate that con-
trol the opening of Bransfield Strait and seaward migra-
tion of the Bransfield Microplate.

CONCLUSIONS

The analysis of new geophysical data acquired offshore
the Antarctic Peninsula has highlighted shallow structures
affecting the passive subducting Phoenix Plate and allowed
the description of the morphology of the South Shetland
Trench. In particular, the new multibeam image shows in
detail the character and extension of the main investigated
domains, that are the incoming oceanic crust, the trench, and
the frontal AP accretionary prism.

The incoming oceanic plate is affected by a normal fault
system characterized by an orientation ranging from parallel
to oblique with respect to the trench axis. Basins, horst and
graben structures are located in correspondence of these
oblique normal faults that are controlled by: (1) the bending
of the oceanic plate; (2) the presence of inherited oceanic
spreading fabric or pre-existing weak zones; (3) the pres-
ence of mechanical discontinuities as “D” and “E” Fracture
Zones, characterized by a different coupling, that modifies
the stress field orientation. We detect a new seamount called
“Explora” Volcano not covered by oceanic sediments and
deformed by a normal fault, and thus dating the normal
faults activity as recent.

The trench narrows southwards, deepens north-ward, and
shows a sharp bend trend of the outboard side. The mor-
phology is controlled by several elements such as: the nor-
mal faults system; the presence of “D” and “E” Fracture
Zones; the different plate bending of the three oceanic seg-
ments controlled by the main Hero and Shackleton Fracture
Zones; and the interaction of a morphological anomaly, i.e.
the “Explora” Volcano.
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