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ABSTRACT

Constraints on the timing of Karoo and Ferrar continental
flood-basalt magmatism in Africa and Antarctica, respectively, are
critical to understanding the relationship of the Karoo and Ferrar
to mantle plumes, subduction, and the initial breakup of Gond-
wana. Although recent work has shown that Ferrar magmas were
emplaced over a short interval (<1 m.y.), the timing of magmatism
within the Karoo and its relationship to the Ferrar have been prob-
lematic. New zircon and baddeleyite U-Fb ages on Ferrar (183.6 +
1.0 Ma) and southern Karoo (183.7 = 0.6 Ma) dolerites demon-
strate that part of Karoo magmatism occurred during the rapid
emplacement of Ferrar magmas. A mantle plume is thought to have
been important in the genesis of the Karoo province, whereas litho-
spheric extension, perhaps related to subduction, has been invoked
for Ferrar magmatism. The new ages now suggest that Ferrar and
southern Karoo magmatism were related to a single mantle thermal
anomaly and rifting event. This event may have produced local rift
basins and caused rotation of microblocks in west Antarctica sev-
eral million years before the breakup of east and west Gondwana.

INTRODUCTION

The Ferrar and Karoo continental flood-basalt pravinces form
a contiguous Jurassic igneous province in Gondwana reconstruc-
tions (Fig. 1). They are the oldest and largest of a series of flood-
basalt provinces that punctuated the protracted breakup of Gond-
wana. The possible presence of a plume in the Karoo area (e.g.,
White and McKenzie, 1989), the presence of subduction and ex-
tension along the proto-Pacific margin of Gondwana (e.g., Cox,
1978), and the potential for insulative heating and uplift beneath the
supercontinent (Anderson et al., 1992) make it difficult to identify
a definite cause for flood-basalt magmatism and initial breakup.
Whereas several lines of evidence support a plume origin for the
Karoo province (White and McKenzie, 1989; Richards et al., 1989;
Cox, 1989), the geochemistry and regional setting of Ferrar magmas
have suggested a dominantly lithospheric source for the Ferrar and
an association with subduction, lithospheric extension, and a “hot
line” (e.g., Elliot, 1974; Cox, 1978, 1988; Hergt et al., 1991). These
differences, along with uncertainties in the relative timing of Karoo
and Ferrar magmatism, have precluded relating these two provinces
in any precise way other than their broad association with early
breakup events. New U-Pb ages presented here demonstrate syn-
chroneity of magmatism in large parts of these two provinces. The
results indicate a common heat source and suggest a sequence of
events leading to the breakup of Gondwana.

SAMPLES AND GEOLOGIC SETTING

Dolerite sills and gently dipping sheets, the most prominent
and widespread rocks of the Ferrar Group (Kyle et al., 1981), are
exposed for >3000 km along the Transantarctic Mountains (Fig. 1).
Isolated volcanic equivalents of the dolerites (Kirlpatrick Basalt)
may have once formed extensive lava plateaus. The minimum vol-
ume of the Ferrar Group is ~0.5 X 10% km?, of which ~80% is
represented by the mafic Dufek layered intrusion in the Pensacola
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Mountains (Kyle et al.,, 1981). Zircon and baddeleyite were sepa-
rated from granophyric pods within two Ferrar sills. Sample 90-
76-12 is from an ~300-m-thick sill that was ntruded into Cambrian-
Ordovician granite on the south side of Pearse Valley in the Taylor
Glacier area, south Victoria Land. Sample 90-63-9 comes from an
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Figure 1. Karoo and Ferrar continental flood-basalt provinces in sche-
matic early Middle Jurassic {~183 Ma) reconstruction of Gondwana.
Sample sites and ages are indicated in boxes. Dashed circle marks
location of ~2000-km-diameter thermal anomaly proposed to have
been caused by a mantle plume (White and McKenzie, 1989). Move-
ment of paleo-Pacific margin blocks of Gondwana (AP—Antarctic Pe-
ninsula, MBL—Marie Byrd Land, SNZ—southern New Zealand, Tl—
Thurston Island) away from east Antarctica is suggested to have been
associated with rifts along Transantarctic Mountains, Weddell Rift
{(WR) (Kristoffersen and Hinz, 1991}, and early rifts in Ross Embayment
{RE) {bold lines). Rotation of Ellsworth-Whitmore Mountains block
{(EW), indicated by dashed arrow, may have occurred during rifting.
Pre- and syn-Ferrar principal extension directions in Transantarctic
Mountains and Dronning Maud Land {DML) are shown as open arrows
{(Wilson, 1992). Reconstruction is modified from Grunow et al. {1991)
and Rapela and Pankhurst {1992). CL—Coats Land, CTM—Central
Transantarctic Mountains, FI—Falkland Islands, LM—Lebombo mono-
cline, NVL—north Victoria Land, PM—Pensacola Mountains, SVL—
south Victoria Land, SZ—subduction zone, TAS—Tasmania.
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