EVOLUTION OF THE BRANSFIELD BASIN AND RIFT, WEST ANTARCTICA
K. BIRKENMAJER
Institute of Geological Sciences, Polish Academy of Sciences, Senacka 3, 31-002 Krakéw, Poland

Abstract: The Bransfield Rift is a Cenozoic structure barely 15-20 km wide within the Bransfield Basin (some 100
km wide), separating the mainly Mesozoic magmatic arc of Antarctic Peninsula from the late Mesozoic-Cenozoic
magmatic arc of the South Shetland Islands (West Antarctica). Fossil evidence indicates that a marine basin existed
already during the Early Eocene Krakow Glaciation (fossiliferous glacio-marine strata), and during the Eocene part
of the succeeding Arctowski Interglacial (Middle Eocene - base Oligocene). During the Early Oligocene Polonez
Glaciation, the area was at first covered by ice-sheet, then flooded by shallow sea rich in invertebrate fauna. The area
was dry again during the Wesele Interglacial (mid-Oligocene), and the succeeding Legru Glaciation (Late Oligocene),
probably as a result of regional uplift. Incipient rifting started at the end of Oligocene, 26 to 22 Ma ago, and continued
at a slow rate through Early Miocene. This is evidenced by a system of antithetic faults cutting through Upper
Oligocene and older rocks along the outer margin of the rift, which were followed by basaltic to andesitic dyke and
plug intrusion in several stages between 22 and 20 Ma, and at 14 Ma. There is a gap in geological evidence for the
character of the rift evolution during the Late Miocene through Pliocene stages. The Pleistocene to Recent stages are
characterized by mildly alkaline to calc-alkaline volcanic activity along the rift axis. A subparallel volcanic line cuts
through the southern margin of the South Shetland crustal block. Deep seismic sounding failed to provide any
evidence for the presence of oceanic-type crust resulting from extension in the rift during its 20-Ma old history. Its

basement is formed by continental-type crust modified by basic intrusions.
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Introduction

The Bransfield Rift is a Cenozoic structure barely 15-20
km wide which separates the Mesozoic magmatic arc of
Antarctic Peninsula from late Mesozoic to Cenozoic mag-
matic island-arc of the South Shetland archipelago (West
Antarctica - Fig. 1). The rift is part of the Bransfield Basin
(back-arc with respect to the South Shetlands) which is
some 100 km wide, and includes also a wide submarine
platform adjacent to Antarctic Peninsula, and a narrow
submarine platform adjacent to the South Shetland Islands

(Fig. 2).

Crustal Structure

The crustal structure of the Bransfield Strait, and the
adjacent parts of Antarctic Peninsula and the South Shetland
Islands, is known in considerable detail due to deep seismic
refraction and reflection sounding studies by Guterch et al.
(1985, 1990, 1991), Jeffers et al. (1991), by Brazilian
Petrobrasreflection profiling (as presented by L. F. Gamboa
during the meetings in 1988-1989 of the SCAR Group of
Specialists on Antarctic Lithosphere), and aeromagnetic
studies by Parra et al. (1984).

The studies by the Polish Geodynamic Expeditions from
1979 to 1991 found much thicker continental crusts both in
the Antarctic Peninsula and the South Shetlands (Guterch et
al., 1985, 1990, 1991), than estimated earlier by Ashcroft
(1972). A lithospheric transect constructed along a corridor
from King George Island (South Shetland Islands) to Hope
Bay (Antarctic Peninsula) by Birkenmajer er al. (1990)
summarizes the available modern crustal data, and attempts
at geological interpretation of particular crustal blocks (see
Fig. 4C).

Ten major structural elements have been distinguished in
the lithospheric transect in question (from SW to NE): (A)
The James Ross Platform (older back-arc basin) with late
Cenozoic volcanics covering Early Cenozoic deposits; (B)
The Gustav Rift (Iate Cenozoic) with young volcanic activ-
ity; (C) The Trinity Horst represented by an older (Meso-
zoic) magmatic arc superimposed on continental crust 38—
42 km thick; (D-E-F) Three elements within the Bransfield
Basin represent the Bransfield Platform (two blocks: D and
E) and the Bransfield Rift (F); (G-H-I) Three tectonic blocks
represent the South Shetland Microplate (see also Fig. 3),
consisting of a younger (late Mesozoic - early Cenozoic)
magmatic arc superimposed on continental crust which is
some 30 km thick; (J) The Pacific oceanic floor and the
South Shetland subductional Trench.

Stages of Evolution of the Bransfield Basin and Rift

The oldest evidence forrifting in the Bransfield Straitarea
derives from Oligocene deposits and volcanics. Prior to
Oligocene, there were shallow sea incursions of early Ter-
tiary age in the area. The pre-rifting, incipient-rifting, and
early-rifting stages are distinguished in the evolution of the
Bransfield Basin.

Pre-rifting stages

(1) The oldest evidence for Tertiary marine incursion in
the Bransfield Strait area derives from King George Island
(South Shetland Islands). It is represented by fossiliferous
glacio-marine strata with iceberg-rafted dropstones, with
invertebrate fauna and poor calcareous nannoplankton. They
pass upward into basaltic hyaloclastites with Eocene cal-
careous nannoplankton in the matrix. The hyaloclastites
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Fig. 3. Tectonic elements of King George Island, South Shetland Microplate (after Birkenmajer, 1983).

alternate with basaltic lava flows, the highest of which
yielded a K-Ar date of 49.4 + 5 Ma. The glacio-marine
deposits had formed during an Eocene (Early or Middle)
glacial epoch called the Krakow Glaciation (Birkenmajer,
1988,1990a, b; Birkenmajer and Dudziak, 1990; Birkenmajer
et al., 1986).

(2) The sea covered at least a part of the Bransfield Strait
area during the succeeding Arctowski Interglacial (Middle
Eocene - base Oligocene), as evidenced by pelitic
volcaniclastic rock fragments with calcareous nannoplank-
ton found in volcanic breccias at Deception Island
(Birkenmajer and Dudziak, 1991). These fragments, repre-
sented by bentonitic claystones, tuffites and palagonitic
tuff, derived from the sedimentary platform underlying the
volcano, yielded poorly preserved Eocene coccolith as-
semblage: Discoaster gemmeus Stradner, D. barbadiensis
Tan Sin Hok, D. multiradiatus Bramlette et Riedel, and
Marthasterites tribrachiatus (Bramlette et Riedel).

Recycled Eocene coccoliths have also been found in
glacio-marine and glacial tills of Early Oligocene age
(Polonez Glaciation) on King George Island (Birkenmajer
and Dudziak, 1990). In case of continental lodgement till,
bulldozing of Eocene marine sediments by the Polonez
Glaciation ice-sheet advancing over the Bransfield Strait on
its way from Antarctic continent to the South Shetland
Islands was accepted as a plausible explanation. This sug-
gests that the whole of the Bransfield Strait, from Deception
Island to King George Island, was once covered by the
Eocene sea.

(3) During the Early Oligocene continental glaciation
(Polonez Glaciation: 32-30 Ma), the Bransfield Strait area

was at first covered by ice-sheet (Fig. 4A), then flooded by
shallow sea rich in invertebrate fauna (Birkenmajer, 1982a,
1987, 1988, 1990a; Birkenmajer and Gazdzicki, 1986;
Porebski and Gradzinski, 1987).

(4) The area of the Bransfield Strait was dry again during
the Wesele Interglacial (mid-Oligocene: ca 30 Ma), prob-
ably as a result of regional uplift. An immature river system
developed at that time draining King George Island towards
the north-east (Birkenmajer, 1982a, 1983).

(5) During the succeeding Legru Glaciation (Late Oli-
gocene: 30-26 Ma), the South Shetlands hosted a local ice-
cap disconnected from that of Antarctic Peninsula. As
recognized in the succession of andesitic-basaltic lavas and
laharic agglomerates, the major volcanic centres were lo-
cated south-east of the island, probably in the area of the
present Bransfield Strait, which continued to be above sea
level. The lahars were born of volcanoes covered by minor
ice-caps (Birkenmajer, 1982a, 1983).

Initiation of rifting and dyke intrusion

(6) Uplift and first faulting (ca 26 Ma)

At the end of the Legru Glaciation, ca 26 Ma ago, glacial
centres migrated from the Bransfield Strait area to the South
Shetlands, as is evidenced from King George Island
(Birkenmajer, 1982a, 1983). Deep and narrow valleys were
eroded by mountain glaciers which descended towards the
Bransfield Strait from an ice-cap located on King George
Island. These valleys are filled with continental-type tillites
(Vauréal Peak Formation). The Bransfield Strait area rep-
resented at that time a depression, possibly bounded by
gravity faults against the South Shetland horst. We do not
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