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Abstract

The Bransfield Basin is a young active rift basin located between the northern margin of the Antarctic Peninsula and
the South Shetland Islands margin. Deception and Bridgeman islands divide the Bransfield Basin in three subbasins, the
western, central and eastern. Specific morpho-tectonic features and sediment fill differentiate each subbasin. The structure
and geodynamic evolution of the Central Bransfield Basin, which is in a stage of incipient seafloor spreading, have been
investigated in detail from a dense grid of single-channel seismic reflection data. The Central Bransfield Basin is dominated
by two families of normal faults which are oriented northeast and northwest. The NE-trending faults define three graben
systems that are roughly parallel to the basin axis. In an across-basin direction, the mean trend of this family of faults
ranges from N71 (the graben system nearest to the Antarctic Peninsula) over N64 (the intermediate graben system), to
N53 (the graben system nearest to the South Shetland Islands). The NW-trending family of faults is responsible for the
deepening of the basin from southwest to northeast. Both families of faults define the overall Central Bransfield Basin
structure, resulting in a complex division of the basin floor. Additionally, tens of volcanic edifices are located on the basin
fioor, the larger ones being associated to the NW-trending faults. Interaction of tectonics and sedimentation give place
to the differentiation of three tectonostratigraphic units, TU1, TU2 and TU3 (from oldest to youngest). TUI occupies
the southernmost graben system, and it is affected by the NE-trending bounding normal faults. TU2 extends further
northwestwards than TU1 and essentially fills the intermediate graben system. TU3 represents a further extension of the
sediment infill over most of the Central Bransfield Basin, and marks the initiation of the infill of the northernmost graben
system. Faults bounding this graben also determine the straight and abrupt morphology of the South Shetland Islands
margin. The observed arrangement of the graben systems and the filling tectonostratigraphic units reveal a migration of
extensional tectonics and associated depocentres from the Antarctic Peninsula margin to the South Shetland Island margin.
The left-lateral rotation from N71 to N53 in the mean trend of the three successive graben systems could have been
produced by the oblique subduction of the Phoenix plate and the effect of the sinistral strike-slip movement of the South
Scotia Ridge, 200 km northeastwards of the Central Bransfield Basin. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Bransfield Basin (BB) is a NE-trending elon-
gated basin located between the South Shetland Is-
lands (SSI) and the Pacific margin of the Antarctic
Peninsula (AP) (Fig. la). It is a back-arc basin
formed as a result of complex interactions between
convergent (Phoenix !/South Shetland Islands) and
divergent (South Shetland Islands/Antarctic) plates
and microplates, sharing plate borders (South Sco-
tia Ridge), fracture zones (Hero to Shackleton), and
spreading centres, both extinct (Phoenix and Scotia)
and active (Bransfield) (Fig. 1a). BB is divided into
three subbasins, western (WBB), central (CBB) and
eastern (EBB) Bransfield basins, which are separated
by the highs of Deception and Bridgeman islands,
respectively (Fig. 1b). Geological-geophysical stud-
ies carried out in BB during the last decade support
the idea that BB is an active rift basin (Saunders
and Tarney, 1984; Keller et al., 1994; Lawver et al.,
1995), with subbasins at incipient spreading (CBB)
and pre-spreading (EBB) rifting stages (Gracia et al.,
1996, 1997).

This paper deals with the structure and geody-
namic evolution of the Central Bransfield Basin
(CBB). While some structural features of CBB
are already known (Gamboa and Maldonado, 1990;
Henriet et al., 1992; Gracia et al., 1996; Lawver et
al., 1996), they have up to present never been incor-
porated in a detailed study of the basin’s geodynamic
evolution. Our study encompasses a recognition of:
(i) the structure and topography of the acoustic base-
ment; (ii) the morphosedimentary and structural fea-
tures of the sedimentary cover; and (iii) the relative
ages of the structural elements and sediments asso-
ciated with them. This paper also investigates the
relationships between the tectonovolcanic elements
interpreted by Gracia et al. (1996) and the structural

! The scientific community active in Western Antarctica marine
geological research has agreed to use the name ‘Phoenix’ for
the plate that was being subducted along the AP margin, rather
than ‘Drake’ or ‘Aluk’. Phoenix is named after the Phoenix
lineations in the West Pacific, where the plate was born in the
Jurassic. Note there is no evidence for a separate Phoenix plate
now. The final remnant of the Phoenix plate became part of the
Antarctic plate 4 Ma or so ago. There is also a distinct Shet-
land microplate (from ‘Antarctic Peninsula Region: Conventions
Document’, agreed by P.F. Barker and eighteen other scientists).

and sedimentary components in CBB, in order to
contribute to a better understanding of its geody-
namic evolution.

2. Geological setting

The Pacific margin of the AP is at present a passive
margin (Barker, 1982), but during the Mesozoic and
most of the Cenozoic it was an active margin, char-
acterised by the subduction of the Phoenix oceanic
plate under the Antarctic plate (Barker and Lawver,
1988) (Fig. 1a). Oblique subduction ceased progres-
sively from southwest to northeast during the Ceno-
zoic, as a result of successive ridge crest—trench col-
lisions (Herron and Tucholke, 1976; Barker, 1982).
At about 4 Ma, spreading at the Antarctic—Phoenix
ridge in the segment between Hero and Shackleton
fracture zones stopped or decreased to a very slow
rate, before the spreading centre reached-the trench.
At that moment, the Phoenix plate became a part of
the Antarctic plate (Barker, 1982). Although spread-
ing stopped, subduction at this segment apparently
continued, probably driven in the main by the weight
of the subducted slab (Jeffers et al., 1991; Barker and
Austin, 1994). According to Barker (1982), the roll-
back effect associated with this sinking plate induced
extensional stresses in the overlying plate causing the
opening of BB and the distinction of the Shetland mi-
croplate. Such an opening, specially at the EEB, also
appears clearly influenced by the left-lateral strike-
slip movement characterising the near South Scotia
Ridge (SSR) an the Shackleton fracture zone (Fig. 1a)
(Gracia et al., 1996, 1997).

Rifting appears to have started with or shortly
after the cessation of seafloor spreading along the
Antarctic—Phoenix ridge at 4 Ma (Roach, 1978;
Barker and Dalziel, 1983). However, geological and
geophysical data are not totally coherent and un-
certainties about the age of the basin still remain.
Recent volcanic and seismic activity (Forsyth, 1975;
Pelayo and Wiens, 1989; Fisk, 1990; Gracia et al.,
1996), high heat flow (Nagihara and Lawver, 1989),
a positive magnetic anomaly (Roach, 1978), and a
large negative gravity anomaly (Garret, 1990), have
been recorded along the axis of CBB, indicating that
extension continues to occur (Saunders and Tarney,
1984, Fisk, 1990; Lawver et al., 1995).



219

19

M.J. Prieto et al. / Marine Geology 149 (1998) 17-38

‘01 pue ¢—g sS4
UT $3UI[ OIISIOS JO UONEDO] MOUS U NOWL (9661 “'[€ 10 BIORID) WOI] PALIPOMI) SIYIPS OIULO[OA 9TIe] XIS JO UONEJO] S MEOIPUT J 0] ¥ S[OqQE "3s1nid €6, VHdaD
U3 FULINP papIooal SOUL] SUUSISS JO UOHEDO] Uilm ‘uiseq playsuelg [enua) oy jo dew omewAyeg (q) *9U0Z SINJoRI) UOISPIORYS pue oSpR] BN09S YIN0S oY) 12 JUSWSAOW
dijs-o)ins [eXSIUIS Sy ION "SAUOZ 9IMdLI} PuE SOLEpunoq ajefd Jouroy moys souly ury], -oje(doldiw pueeys = JHS ‘uiseg ploysuelg Jo surel onueudpoan) (2) 1 S

;
s (q
DILOHVINY
ugeg
lwouwosanyy  13Mod
e
L
- Z

oSpy  wmods

7 uopdasag

€

mhjn&“mi?—ﬁrﬂom
1 s

\
punog

o0 Uy

-S.0€.29 1 uoysBuiAly

W Q01 [BAJSIUI INOJUOD

| mmm s

‘4 ujnBuag w6z 5

| abioan Bupy

N

(2] uewsbpug




20 M.J. Prieto et al./ Marine Geology 149 (1998) 17-38

Morphologically, CBB is an asymmetric basin,
about 230 km long and 125 km wide, with its
SSI and AP margins showing distinct physiography
(Fig. 1b). The SSI margin is steep (15-27%), narrow
(approx. 5 km wide), rectilinear and is mainly dom-
inated by morphostructural scarps related to exten-
sional faulting (Ashcroft, 1972; Klepeis and Lawver,
1993; Gracia et al., 1996). The AP margin, on the
other hand, is gentler (9 to 15%), wider (approx. 60
km wide) and has an undulating shape in plan view,
which is related to the development of prograding
sedimentary lobes by glacio-marine processes (Jef-
fers and Anderson, 1990; Banfield and Anderson,
1995; Prieto et al., 1997). The basin floor separating
the AP and SSI margins has a depth ranging from
1000 m in the southwest to 1950 m in the northeast.
The along-axis deepening of the basin floor from
southwest to northeast takes place through a series
of morphological steps separating four main bathy-
metric levels, as indicated by the swath bathymetry
analysis of Gracia et al. (1996, 1997). They interpret
these steps as the surface expression of NW-trending
faults.

Associated with these morphological steps, there
are six large volcanic edifices (labelled from A to F)
which rise above the seafloor (Fig. 1b). They form
a discontinuous lineament from Deception Island to
Bridgeman Island. This lineament divides the basin
floor of CBB into two parts: a southern half-basin,
between the AP margin and the volcanic lineament,
and a northern half-basin, between the SSI margin
and the volcanic lineament (Klepeis and Lawver,
1993). Shapes of the volcanoes vary from circular to
elongated, reflecting different tectonovolcanic stages
which Gricia et al. (1996) relate to successive evo-
lutionary stages of basin opening. They observed
that both volcanism and tectonic activity have been
closely related and preferentially concentrated in the
same areas along the CBB axis at certain periods,
with evidence of combined extensional faulting and
focused active magmatism. Barker and Austin (1994)
and Lawver et al. (1995) interpreted the volcanoes
in CBB as four parallel zones of linear extrusions
resulting from active extension in an extended con-
tinental crust that produces linear cracks which leak
magma.

Previous seismic reflection investigations of CBB
have shown the presence of an acoustic basement,

both of igneous and of sedimentary nature, and a
sedimentary cover (Gamboa and Maldonado, 1990;
Jeffers and Anderson, 1990; Gracia et al., 1996). The
igneous basement has been interpreted as thinned
continental crust intruded by dikes and volcanics
(Ashcroft, 1972; Guterch et al., 1991; Birkenmajer,
1992). The sedimentary basement is composed of
tectonised sedimentary material (Barker and Austin,
1995) which probably corresponds to the Miers Bluff
Formation in the SSI margin (Hobbs, 1968; Dalziel,
1969; Smellie et al., 1984) and to the Trinity Penin-
sula Group in the AP margin (Aitkenhead, 1975;
Hyden and Tanner, 1981), which are considered to
be correlative (Dalziel, 1984; Storey and Garret,
1985). The sedimentary cover comprises two main
sequences separated by a prominent regional uncon-
formity (Gamboa and Maldonado, 1990): a lower
‘synrift’ sequence, deposited and faulted during the
rifting stage, and an upper ‘drift’ sequence, less tec-
tonised and deposited by glacio-marine sedimentary
processes after the main rifting phase (Jeffers and
Anderson, 1990).

3. Data base and methodology

The data set used in this study was collected dur-
ing the GEBRA 93 cruise, carried out in December
1993 on board the Spanish R/V Hespérides. A total
of sixteen lines of single-channel seismic reflection
data were recorded in CBB, amounting to about 1100
km (Fig. 1b). The seismic lines are oriented roughly
parallel and perpendicular to the basin axis and cover
the basin floor and the slopes of the SSI and AP mar-
gins. Shots were fired every 5 s using a 2.9 1 BOLT
airgun operated at 140 bar. The reflected signals
were detected with a 150 m long three-channel SIG
streamer used in a single-channel configuration. The
data were recorded digitally and on-line processed
on the high-resolution DELPH2 acquisition system.
Post-acquisition data processing, including bandpass
filtering, deco-filtering and scaling, was carried out
on both the DELPH2 and the PHOENIX VECTOR
processing systems.

Seismic data often yield a penetration of 1 s
(TWTT) which is generaily enough to penetrate
the whole sedimentary cover and to recognise the
top and part of the acoustic basement. Interpreta-
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tion of seismic data has benefited greatly from the
new and detailed knowledge of seafloor morphol-
ogy obtained through swath bathymetric sounding
(Gracia et al., 1996). The bathymetry data helped to
determine the presence, orientation and distribution
of structures where the seismic data were incon-
clusive. Morphostructural features identified on the
swath bathymetric map, such as scarps, lineaments
and abrupt changes of slope, have thus been used to
support the structural interpretation.

4. Seismic stratigraphy

Our seismic stratigraphic study of CBB has en-
abled us to define in great detail the seismic fea-
tures (acoustic character, geometry, stratal patterns)
of the basement and sedimentary fill. The acoustic
basement shows different seismic facies which have
distinct distribution. We attribute the basement com-
posed of massive chaotic facies with reflections of
high amplitude, and which appears on the central
basin floor between 2 and 3.3 s depth, to crystalline
and/or volcanic rocks, in accordance with interpreta-
tions of Gonzalez-Ferrdn (1991), Acosta et al. (1992)
and Barker and Austin (1994) (Fig. 2). Where the
acoustic basement is composed of stratified facies
with relatively continuous reflections of medium am-
plitude, as in the SSI and AP margins down to 1 to
2 s depth, we interpret it as being of sedimentary or
metasedimentary nature (Gamboa and Maldonado,
1990; Barker and Austin, 1995).

The sedimentary infill has a variable thickness,
ranging from 0.2 s in the SSI margin, 10 0.6 s in the
AP margin, and to 1 s at the basin floor (Fig. 2). A
regional erosional unconformity separates two ma-
jor sedimentary sequences, the Lower and Upper
Sequences, within this infill (Figs. 2 and 3). The
deposits of the Lower Sequence are characterised by
subparallel, divergent stratified and semitransparent
facies with reflections of low lateral continuity and
medium to high amplitude that downlap the base-
ment (Fig. 3). The Lower Sequence occurs in the
AP margin where it fills and smoothens basement
irregularities (Fig. 2). The thickness of this sequence
varies from 0.15 to 0.3 s, and the main depocentre
(0.3 s) is located below the present AP distal margin.
The Upper Sequence is better developed and extends

throughout both margins and the basin floor, be-
ing partially interrupted by the volcanic lineaments
(Fig. 4). Seismically, it is characterised by packages
of stratified reflections with high lateral continuity
and low to high amplitude that show an oblique
configuration in the margins changing to a parallel
configuration towards the basin floor. Locally, this
facies is interrupted by mound-shaped bodies com-
posed of chaotic facies. The packages of the Upper
Sequence display a progradational growth pattern in
the SSI and AP margins, and an aggradational pat-
tern on the basin floor (Fig. 5). The thickness of the
Upper Sequence ranges from 0.2 s in the SSI margin,
over 0.4 s in the AP margin to 1.2 s in the basin floor.

5. Structure of the Central Bransfield Basin

The main tectonic features that we identified on
CBB are extensional structures. We interpret them
to be responsible for the present configuration and
structure of the basin. Although much less abundant,
we also observed some compressional structures.

5.1. Extensional structures

Extensional structures consist of normal faults
bounding graben systems. These faults, which ap-
pear to have been active continuously during the
evolution of CBB, have a wide spatial distribution
(Fig. 6). Two main sets of normal faults can be
recognised: NE-trending faults, ranging in orienta-
tion from 50°N to 75°N, and NW-trending faults,
ranging from 135°N to 165°N (Fig. 6). The NE-
trending faults are by far the most numerous. They
coincide with the main basin trend and determine the
overall basin geometry. NW-trending faults, much
less abundant, are practically normal to the basin
axis (Fig. 6).

The NE-trending faults are distributed throughout
both margins and the basin floor (Fig. 6). These
faults affect the acoustic basement and the whole
sedimentary cover in the SSI margin (Upper Se-
quence), and the acoustic basement and Lower Se-
quence in the AP margin (Fig. 2). At the margins,
the NE-trending faults, which have vertical offsets
ranging from 0.25 to 1.5 s, deepen the acoustic base-
ment basinward producing a step-like morphology.
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Basement morphology is not equally reflected in the
bathymetry of both margins. In the SSI margin, the
step-like morphology is apparent with scarps of 1200
m high and with a gradient of 27% steep, whereas
in the AP margin the morphology is smoothened
and obliterated by the sedimentary cover (Upper
Sequence) (Fig. 1b and Figs. 2 and 3).

Based on the spatial distribution and arrangement
of NE-trending faults, two sectors can be distin-
guished on the basin floor: (i) southwest (between
volcanoes A and E); and (ii) northeast (between vol-
canoes E and F) (Fig. 6). In the southwest sector, the
NE-trending faults can be identified on both sides
of the volcanoes C, D and E. Immediately south of
these three volcanoes, the NE-trending normal faults
affect the acoustic basement, deepening it landward
with vertical offsets of about 0.25 s (Fig. 2). These
faults converge in depth with those identified in the
AP margin, forming a narrow NE-trending graben
about 5 km wide and 65 km long (Figs. 2 and 6).
Faulting and complexity of this graben increase to-
wards the northeast (Fig. 6). North of volcanoes C,
D and E, the normal faults affect the acoustic base-
ment and sedimentary cover (i.e. Upper Sequence).
They have both basinward and landward polarity and
small vertical offsets of about 0.05 s (Figs. 4 and 5).
The arrangement of these faults is not as regular as
in the southern part. They form a graben about 3 km
wide and 35 km long, which is interrupted towards
the northeast by volcano E (Figs. 4 and 6).

In the northeast sector of the CBB, the NE-trend-
ing faults on the basin floor are located between the
volcanic edifices E and F and the AP distal margin
(Fig. 6). The faults affect the acoustic basement and
the Lower and the Upper Sequences, displaying both
landward and basinward polarities, and mean verti-
cal offsets of about 0.05 s. The spatial distribution
of these faults, which is more complex than in the
southwest sector, shows a radial arrangement with
orientations ranging between N50 and N75, converg-
ing towards the southwest (Fig. 6). These faults com-
bine and form three almost parallel graben systems
of 6 to 10 km wide and 30 to 40 km long (Fig. 7).
The geometry of the two southernmost grabens is
mostly obliterated by the deposits of the AP mar-
gin (Lower and Upper Sequences). In contrast, the
geometry of the northernmost graben is reflected in
the basin floor bathymetry, which shows a 20 km

wide flat trough that corresponds to the King George
Basin (1950 m water depth) (Fig. 1b).

Although they are also present in the distal part
of the AP margin, the NW-trending faults are con-
centrated in the basin floor, mainly in the King
George Basin (Fig. 6). They mostly affect the acous-
tic basement, but locally also the Lower and Upper
Sequences. These faults show throws of up to 0.3 s,
and deepen the acoustic basement towards the King
George Basin, intersecting the NE-trending grabens
(Fig. 6). The NE and NW structural fragmentation
apparently conditioned the complex division of the
seafloor and the development of the 1000 m to 1400
m deep platforms in the AP margin.

5.2. Compressional structures

Compressional structures, mostly reverse fauits,
are much less abundant. In contrast with the ex-
tensional structures, reverse faults do not seem to
show any preferential orientation. They mostly occur
scattered around the volcanic edifices D and E (e.g.
Fig. 4). These faults, with vertical offsets between
0.05 and 0.1 s, affect the acoustic basement and the
Lower and Upper Sequences, some of them reaching
the seafloor where they produce small topographical
features of a few metres. Some of these faults branch
upward and form small flower structures within the
Lower and Upper Sequences (Fig. 4).

6. Tectonostratigraphic evolution

The main structural elements described above not
only determine the structural framework of CBB but
also its depositional trends. The spatial distribution of
the structural elements and the different geometries
displayed by the deposits of the Lower and Upper
Sequences filling the basin have enabled us to de-
fine three tectonostratigraphic units: TU1, TU2, and
TU3 (from oldest to youngest). The spatial and tem-
poral development of these units reflects changes in
the structural configuration, tectonic activity and dis-
placement of sedimentary depocentres within CBB
(Fig. 7). We thus use the term ‘tectonostratigraphic
unit’ for seismic stratigraphic units that are not only
defined from seismic stratigraphic criteria but also
from the tectonic control over their development.
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6.1. Tectonostratigraphic Unit 1 (TU1)

TUL is located on the AP margin. The deposit$
of this unit correspond to those of the Lower Se-
quence, and form a wedge of stratified sediments
that onlaps the basement in onshore direction and
downlaps onto it towards the offshore (Fig. 5). The
upper boundary of TU1 is a strong erosional surface,
which is especially prominent at the foot of the AP
margin (Fig. 3). In fact, this boundary correlates with
the erosional unconformity that separates the Lower
and Upper Sequences. Locally, the stratified deposits
of TU1 are interrupted in basinward direction by
mound-like bodies of chaotic facies, which probably
correspond to volcanic flows or laccoliths associated
with volcano D (Fig. 5). We have not been able to
determine whether TU1 is also present on the SSI
margin. Here, a 0.25 s thick wedge of stratified facies
downlaps the acoustic basement, but the lack of lat-
eral continuity with TU1 on the AP margin prevents
us from establishing whether they were deposited si-
multaneously, or whether this wedge is younger than
TUI (i.e. TU2) (Fig. 5).

The structural framework of CBB during the de-
velopment of TU1 is defined by the NE-trending
graben system identified along the southwest (be-
tween volcanoes A and E) and northeast (between
volcanoes E and F) structural sectors (Fig. 6). Nor-
mal faults affecting TU1 have a mean trend of N71.
During deposition of this unit, tectonic activity was
intense (Fig. 8). This is suggested by the presence
of numerous faults, stratal pattern and depositional
trends (Figs. 2, 3 and 8). Both NE-trending normal
faults with throws ranging from 0.25 to 0.5 s, and
NW-trending normal faults with throws from 0.1
to 0.2 s, entirely or partially affect the deposits of
this unit. The activity of these faults conditioned the
general stratal pattern within this unit which shows
a subparallel and divergent configuration related to
the deepening of the acoustic basement (Fig. 3).
Locally, the deposits are landward dipping due to
the rotation of the acoustic basement faulted blocks
(Fig. 2). The depositional trend of TU1 also reflects
the structural control during deposition. The isopach
map of this unit, which is up to 0.25 s thick, displays
an overall elongated NE-trending pattern. The lateral
distribution is locally interrupted by basement highs
associated with NW-trending faults (Fig. 8). These

interruptions lead to the development of at least four
isolated depocentres. The thickness of the deposits
within these depocentres increases towards the north-
east, from 0.3 to 0.5 s, reflecting a greater deepening
of the basement towards this direction (Fig. 8).

At the end of deposition of TUl, tectonic ac-
tivity in the AP margin of CBB appears to have
almost ceased. We infer this from the fact that the
NE-trending graben is practically filled up by sed-
iments, which cause the smoothing of pre-existing
topographic features and an upward attenuation of
the NE- and NW-trending fault offsets (Fig. 3).

6.2. Tectonostratigraphic Unit 2 (TU2)

TU2 is located between the AP margin and the
axial volcanic lineament, on the southwest and north-
west structural sectors, and between the SSI margin
and the volcanic lineament on the southwest struc-
tural sector (Figs. 7 and 9). The deposits of this
tectonostratigraphic unit (0.4 s thick) correspond to
the lower section of the Upper Sequence, and are
composed of packages of stratified facies that on-
lap TUI on the margins and downlap the acoustic
basement on the basin floor (Figs. 2, 5 and 10). The
stacking of these deposits displays a progradational
growth pattern in the margin and an aggradational
pattern in the basin floor area (Figs. 2 and 5). The
upper boundary of TU2 is a conformable surface. As
occurs with TU1, the deposits of TU2 are distally
interrupted by highly reflective chaotic bodies which
we interpreted as volcanic layers probably associated
with volcanic edifice D (Fig. 5). The top of TU2
marks a sharp reduction in the presence of volcanic
material in the southwest sector, especially to the
south of the volcanic lineament (Fig. 5).

The structural framework of CBB during the for-
mation of TU2 is characterised by a graben system
located immediately north of the one filled by TU1
(Fig. 7). During deposition of TU2, synsedimentary
deformation is less important than in TU1 times, and
mainly affects the southwest sector of CBB (Fig. 9),
where TU?2 is cut by NE-trending normal faults with
vertical offsets ranging from 0.05 to 0.1 s, and by
NW-trending fauits with 0.05 s of vertical offset. Re-
verse faults with vertical offsets <0.05 s and flower
structures around the volcanoes also occur (Fig. 4).
Normal faults affecting TU2 have 4 mean trend of
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N64 (Fig. 9). The northeast sector lacks significant
faulting, and the two main depocentres are not coin-
cident with the structural regional trends. The shapés
of these depocentres range from roughly semicir-
cular (0.5 s thick) to elongated in a NW direction
(0.6 s thick), which reflect the effect of the uneven
sediment supply coming from the AP margin in TU2
(Fig. 9).

Nevertheless, the structural frameworks have had
a significant influence on the overall distribution of
sediments in TU2. The isopach map shows how the
isoline directions and depocentre axes in the south-
west sector follow a NE direction, and also show
the sharp influence of the axial volcanic lineament
separating two depocentres to the northwest (Fig. 9).
The organisation of the sedimentary depocentres in
TU2 is also conditioned by the activity of the NW-
trending faults and rare N-trending faults (Fig. 9).

6.3. Tectonostratigraphic Unit 3 (TU3)

TU3 marks the shift from sedimentation re-
stricted to the marginal areas and isolated basinal de-
pocenires, to deposition occurring throughout CBB

(Fig. 7). During TU3 times the present-day structural

framework is achieved. TU3 comprises the upper-
most deposits (0.4 s thick) of the Upper Sequence.
Seismically, TU3 is similar to TU2, and it is also
formed by packages of stratified deposits which on-
lap TU2 sediments and the acoustic basement, both
on the margins and basin floor (Figs. 2, 4, 5 and 10).
The growth pattern of this unit is progradational in
the margins, changing to aggradational on the basin
floor. Locally, the stratified facies contains reflec-
tions of higher acoustic amplitude (Figs. 4 and 5).
‘We interpret these as volcanic layers associated with
volcanoes D, E and probably also with other small
volcanic cones located between the axial volcanic
lineament and the SSI margin (Fig. 1b).

The structural framework of CBB during TU3 is
characterised by the development of a graben system
north of that which developed during deposition of
TU2 and whose influence is still apparent (Fig. 7).
During TU3 times synsedimentary deformation be-
comes more significant than in TU2 times, and it
mainly affects the deposits on the SSI margin and
on the basin floor north of the volcanic lineament
defined by volcanoes C, D and E (Fig. 11). There,

numerous faults occur as well as slightly deformed
deposits. Normal faults affecting TU3 have a mean
trend of N53. The structures include NE-trending
normal faults with offsets around 0.05 s (Figs. 2, 4
and 5) and much less important, reverse faults (with
offsets <0.05 s) and flower structures that are al-
ways located near the volcanic edifices (Fig. 4). The
NE-trending faults produce scarps that are reflected
in the bathymetry of the SSI margin and that may
reach up to 1200 m of relief (Fig. 1b). These scarps
are sediment covered on slope locations as seen in
Fig. 10.

During TU3 times there is a clear structural con-
trol on sediment distribution in the SSI margin, the
basin floor north of the volcanic lineament defined
by volcanoes C, D and E (Figs. 2, 4 and 5) and King
George Basin (Fig. 11). In contrast, on the AP mar-
gin sedimentation is essentially governed by the sed-
iment input (either from point or linear sources) and
glacio-marine sedimentation processes. The isopach
map shows three main depocentres of 0.35, 0.4 and
0.45 s of thickness (Fig. 11). The two main depocen-
tres coincide with the new northern graben system,
whereas the smallest one appears to have developed
along structures inherited from TU2. Such a sedi-
mentary influence is highlighted by the sinuosity of
the isolines, which locally follow directions that are
occasionally perpendicular to the margin (Fig. 11).

7. Discussion

The sediment infill of CBB is usually described
as being composed of two main seismic stratigraphic
units, the Lower Sequence and the Upper Sequence,
that are interpreted as synrift and postrift deposi-
tional units, respectively (Gamboa and Maldonado,
1990; Jeffers and Anderson, 1990; Prieto et al.,
1997). In this study, we have been able to further
subdivide these two main seismic stratigraphic se-
quences into three unconformity-bounded tectonos-
tratigraphic units: TU1, TU2 and TU3, where TU1
is the Lower Sequence and TU2 and TU3 constitute
the Upper Sequence. Deposition of TUl was in-
duced by the initial fragmentation of the continental
crust of AP which favoured sediment accumulation
over graben systems and tilted blocks now beneath
the slope of the AP margin (Figs. 2 and 3). The
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upper boundary is a regional truncation that could
be interpreted as the break-up unconformity, which
would separate rift from drift sequences (Gamboa
and Maldonado, 1990; Jeffers and Anderson, 1990).
Structural deformation along normal faults sug-
gests a strong interaction between sedimentation
and extensional tectonism throughout the history of
CBB. Structurally controlled depocentres govern the
temporal and spatial distribution of the tectonostrati-
graphic units, which successively fill younger NE-
elongated graben systems (Fig. 7). Seismic profiles
and resulting isoline maps derived from them re-
veal a parallel across-basin axis migration (SE-NW
direction) of the graben systems and TUs’ depocen-
tres from the AP margin to the SSI margin. Faults
affecting the basement and TU1 attenuate upwards
and only few of them also affect TU2 (Figs. 2 and
3). The same is valid for normal fauits within TU2
and their continuation into TU3. The most recent
faults affecting TU3 are concentrated near the SSI
margin, some of them being inherited from former
episodes (Fig. 11). Migration of the tectonic activity
(deformation) also favours the asymmetric structure
of CBB as showed by the contrasting physiogra-
phy between the AP and SSI margins. Smoothened
relief at the AP margin results from sustained glacio-
marine sedimentation since the earliest opening of
CBB. Dramatic relief of the straight SSI margin and
the young sediment cover witnesses the youth of
this part of CBB. Limited sediment input on the SSI
margin is also related to the smaller ice-shed area of
the archipelago compared to that of the AP.
Interaction between sedimentation and volcanism
is revealed by the barrier effect of volcanic linea-
ments at the time of deposition of each tectonostrati-
graphic unit (Figs. 8 and 9), by interstratified layers
of probable volcanic origin, and by sills intruded
into the sediments (Figs. 4 and 5). The axial vol-
canic lineaments were more effective in preventing
an homogeneous distribution of sediments, with the
development of separated depocentres during depo-
sition of TU2 (Fig. 9). However, a specific point
regards the formation of the King George Basin.
Since there is no structural barrier, neither volcanic
nor of any other nature, impeding the dispersion
of TU2 sediments, comparison of isopach maps on
Figs. 9 and 11 suggests that the King George Basin
was mostly formed after sedimentation of TU2, dur-

ing the tectonic phase that caused the depocentre
shift from TU2 to TU3.

The distribution, configuration and tectonic influ-
ence of the three TUs allow the reconstruction of the
opening history of CBB, which started very close
to the present-day AP margin and propagated to the
northwest, towards the SSI margin. The opening of
CBB apparently occurred in three distinct phases
corresponding to the three main episodes of the de-
positional history: TU1, TU2 and TU3. During the
first phase, a narrow graben was formed near AP
(Fig. 7). This graben was filled by TU1 sediments
(Fig. 8). Segments of the main volcanic lineament
were developed during deposition of TUIL, as sug-
gested by the isopach map of TU1 and by the fact
that their deposits pinch out against and downlap
onto the southern ridge of volcano D (Figs. 5 and
8). Gracia et al. (1996) already postulated, based
on morphological criteria, that the lateral ridges of
volcano D could be the oldest volcanic features in
CBB. During the second phase, volcanic activity and
growth of the volcanic ridge followed, with contin-
ued and renewed extension. At the same time TU2
accumulated in the newly created space, as suggested
by volcanic layers intercalated within TU2 sediments
(Fig. 5). During the third phase the main locus of
extension shifted further to the northwest, towards
the SST margin, where it seems still active at present
(Fig. 7). It is during this phase that the present con-
figuration of CBB was obtained, as revealed by the
fact that only TU3 occurs all over CBB (Fig. 11).
New volcanoes, i.e. volcanoes E and F, were formed
or substantially grew, while older ones continued
their growth. Quaternary volcanism recorded at De-
ception, Penguin and Bridgeman islands (Fig. 1b)
(Weaver et al., 1979), and high heat flow values typ-
ical of regions with active hydrothermal circulation
(Nagihara and Lawver, 1989; Lawver et al., 1995),
support the idea of an active volcanism in CBB. Fur-
thermore fresh and glassy basalts less than 100,000
years old have been also recovered from the volcanic
edifice F (Fisk, 1990).

The roll-back induced by the continued sinking
and subduction of the Phoenix plate under the Shet-
land microplate (Barker, 1982; Barker and Dalziel,
1983; Barker et al., 1988) could have caused con-
tinued extension in CBB and migration of the tec-
tonically active bands and depocentres from the AP



36 M.J. Prieto et al./ Marine Geology 149 (1998) 17-38

margin to the SSI margin. Lateral displacement and
interruptions, of what otherwise would have been
a continuous, elongated and unique depocentre for
each tectonostratigraphic unit, suggest NW-guided
tectonic displacements which we attribute to the
NW-trending faults (Figs. 7-9 and 11). Gracia et al.
(1996, 1997) identified the same structural direction
in NW-trending bathymetric steps and related it to a
sort of inherited prolongation of the fracture zones
on the Phoenix plate. The NW structural direction
has been also recognised in the two main islands
bordering CBB, Livingston (Pallas et al., 1995) and
King George (Tokarski, 1991).

Another aspect to be noted, concerning the geo-
dynamics of CBB, is the left-lateral rotation of the
dominant fault trend from one phase to the next
one: N71 for TU1, N64 for TU2 and N53 for TU3.
Sinistral strike-slip movement at the South Scotia
Ridge (SSR), together with the oblique subduction
of the Phoenix plate, could be responsible for the
left-lateral rotation of fault popuiations from TU1
to TU3. The strike-slip influence of the SSR is par-
ticularly apparent in the Eastern Bransfield Basin
(EBB) (Klepeis and Lawver, 1996), where various
pull-apart basins have been identified by Gracia et al.
(1996, 1997).

Our results raise serious doubts to the interpreta-
tion of the unconformity at the top of TUI as the
only break-up unconformity in CBB. Rather than
that, the migration history of CBB opening, as we
have showed, would indicate that there could not
be one single break up unconformity, of synchronic
character throughout the basin, but perhaps two of
them, separating three tectonic stages in the opening
of CBB.

8. Conclusions

The strong interaction between glacio-marine sed-
imentation and extensional tectonism throughout the
history of CBB is illustrated by the development
of three tectonostratigraphic units (TU1, TU2 and
TU3), filling differentiated, fault-controlled depocen-
tres that have migrated towards the northwest, from
the AP margin to the SSI margin.

The NW migration of the tectonically active
bands and the left-lateral rotation of the dominant

fault population trends from TU1 to TU3 (N71
to N53) can be explained by the combined influ-
ence of: (i) the roll-back and oblique subduction of
the Phoenix plate under the Antarctic plate and the
Shetland microplate and; (ii) the sinistral strike-slip
movement from the South Scotia Ridge.

The infill of CBB is, at its origin, essentially
tectonically driven with the particularity that the
tectonic imprint has been progressively replaced by
a glacio-marine imprint from southeast (AP margin)
to northwest (SSI margin). Volcanism associated to
the extension of CBB appeared once the opening of
the basin had already progressed substantially and
continues to the present day.
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