THE WEST ANTARCTIC RIFT SYSTEM—A PROPAGATING RIFT
“CAPTURED” BY A MANTLE PLUME?
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Abstract: The West Antarctic rift system, marked by a 3—5-kilometer high shoulder from northern Victoria Land to
the Ellsworth Mountains, extends through the Ross Embayment and the Byrd Subglacial Basin. Geophysical data
suggest that the ice covered area beneath the rift zone is underlain by Cenozoic volcanic rocks (flood basalts?), and
extended crust about 20 km thick. Exposed bimodal alkaline volcanic rocks (mostly basalts, indistinguishable from
ocean island basalts that have been interpreted to be mantle plume derived) range in age from Oligocene to the present.
We propose a plume (approximately ellipsoidal and coincident with the West Antarctic rift system) defined by the
distribution of K/Ba ratios of basalts, the elevated tectonomagmatic dome of coastal Marie Byrd Land, the high
topography marking the rift shoulder and the inferred flood basalts(?) beneath the ice covered Byrd Subglacial Basin.
Although most extension in West Antarctica apparently occurred in the late Mesozoic with Gondwana rifting, all
exposed rift related volcanic rocks are post early Oligocene; the time lag is possibly explained by the proposed mantle
plume. As spreading centers surrounding the stationary Antarctic plate in the Cenozoic migrated away from
Antarctica, continued rifting in West Antarctica to the present was focused by the mantle plume. The plume possibly
caused reorganization of the existing ridge system through a ridge jump to the hot, extended, weakened lithosphere
present in the Ross Embayment-Byrd Subglacial basin area at the end of the Cretaceous. The propagating rift may

have been captured by the thermal plume.
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Introduction

The West Antarctic rift system is largely ice covered and
spans an approximate 3000 x 750 km area from the Ross Sea
to the base of the Antarctic Peninsula (Figs. 1 and 2),
comparable in area to the Basin and Range in North America
or the East African rift systems. Rift activity has been
associated with West Antarctic crustal extension episodically,
from the late Mesozoic when most of the extension took
place syntectonic with rifting of New Zealand and the
Campbell plateau from Antarctica, to the present (Behrendt
etal., 1991b). The great bulk of exposed West Antarctic rift
related volcanic rocks were extruded in the late Cenozoic
(LeMasurier, 1990) and not at the time of separation of New
Zealand and the Campbell Plateau about 72-85 Ma
(Bradshaw, 1989; Lawver et al., 1991) as might have been
expected. The main objective of this paper is to explore the
reason for this unexplained fact. We present, as a suggested
interpretation, rift capture by a mantle plume beneath West
Antarctica.

A spectacular rift-shoulder scarp along which peaks reach
4-5 km maximum elevation extends from northern Victoria
Land-Queen Maud Mountains to the Ellsworth-Whitmore-
Horlick Mountains. The shoulder has maximum present
relief of 5 km in the Ross Embayment and 7 km in the
Ellsworth Mountains-Byrd Subglacial basin area (Fig. 2).
Behrendt and Cooper (1991) proposed episodic uplift for the
rift shoulder to have reached about 1 km/m.y., most recently
since Pliocene time. Behrendt e al. (1991b) suggest that the
lack of detection of earthquakes in the active West Antarctic
rift system probably results primarily from sparse seismo-

graph coverage, but also from suppression of earthquakes
by the ice sheet (e.g. Johnston, 1987) and from the occurrence
of high seismicity shortly after deglaciation in the Ross
Embayment followed by abnormally low seismicity at present
(e.g. Muir Wood, 1989).

The West Antarctic rift system is characterized by bimodal
alkaline volcanic rocks ranging in age from Early Oligocene
to the present. These are exposed (Fig. 2) asymmetrically
along the rift shoulder and coastal Marie Byrd Land to the
south end of the Antarctic Peninsula. The trend of the
Jurassic tholeiites (Ferrar dolerites, Kirkpatrick basalts)
marking the Jurassic Transantarctic Rift (Schmidt and
Rowley, 1986) is coincident with the exposures of the
Cenozoic volcanic rocks along the section of the
Transantarctic Mountains from northern Victoria Land to
the Horlick Mountains (Fig. 2). The Cenozoic rift shoulder
diverges at the Horlick Mountains from the Jurassic Ferrar
tholeiite trend (Fig. 2) and the tholeiites are exposed con-
tinuously (including the Dufek intrusion) along the lower-
elevation (1-2 km) section of Transantarctic Mountains to
the Weddell Sea (Behrendt and Cooper, 1991).

The basis for inferring a mantle plume source for the Late
Cenozoic volcanic rocks includes both their geochemical
characteristics and their relationship to tectonic doming. La/
Nb ratios, and Sr and Nd isotopic data from the Cenozoic
alkaline volcanic rocks indicate that basalts throughout
West Antarctica (including the rift system and the Antarctic
Peninsula) were derived from a depleted mantle source at
least 100 km deep within the asthenosphere (Futa and
LeMasurier, 1983; LeMasurier, 1990; Hole and LeMasurier,
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Fig. 1. Index map of Antarctica showing some of the features discussed in the text. The Transantarctic Mountains
extend across the continent from Victoria Land near the Ross Sea to the Theron Mountains near the Weddell Sea and
comprise the ranges shown by the heavy dashed line as well as those bordering the Ross Embayment. Diagonal lines
show approximate location of West Antarctic rift system. Heavy line is approximate rift shoulder. To conform with
convention and other publications, maps of Figs. 1,2 and 3 (covering all or large regions of Antarctica) have grid north
(parallel to 0° Meridian) at top; the larger scale map (Fig. 4) has normal convention. All maps use polar stereographic

projection.

1990). The most effective geochemical discriminator be-
tween rift related basalts and post-subduction basalts from
the Antarctic Peninsula seems to be K/Ba ratios (Hole and
LeMasurier, 1990). The rift-related basalts from along the
rift shoulder bordering the Ross Embayment, coastal Marie
Byrd Land and western Ellsworth Land (Fig. 2) all have K/
Baratios <50, and are indistinguishable from those of ocean
island basalts frequently cited as examples of plume or
plume tail volcanism (e.g. Kerguelen). Antarctic Peninsula
basalts which lie north of the rift system, have K/Ba ratios
>50, and a post-subduction “slab window” origin has been
proposed to account for their geochemical signature (Hole,
1988).

The Marie Byrd Land volcanic province is characterized
by a broad structural dome defined by uplift of a very flat
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Late Cretaceous erosion surface to a maximum elevation of
~2700 m at the dome crest. Basalts resting on this surface
become systematically older with increasing elevation of
the surface, suggesting that the dome grew contemporane-
ously with volcanism at arate of ~100 m/m.y. during the past
25 m.y. (LeMasurier and Rex, 1989). Since ~18 Ma, the loci
of felsic volcanism have migrated centrifugally away from
the center of dome uplift along rectilinear paths, suggesting
tectonically induced propagation of relict fractures coupled
with the systematic release of magma stored in crustal
magma chambers (LeMasurier and Rex, 1989). This
tectonomagmatic dome lies in the center of the ellipsoidal
area defined by K/Ba ratios <50. It is the composite of
geochemical, structural and volcanological phenomena that
have been interpreted as a manifestation of mantle plume





















