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ABSTRACT

Middle Jurassic Ferrar tholeiites of Antarctica were emplaced dur-
ing a short time interval (<1 m.y.) into an active rift system initiated in
the Early Jurassic. Ferrar magmas were dispersed into the Antarctic
sector of Gondwana from a source in the Weddell Sea region, within the
thermal anomaly that also gave rise to the Karoo basaltic rocks of south-
ern Africa. The Golden Gate lavas, part of the Karoo central area low-Ti
tholeiites, show geochemical similarities to Ferrar rocks. Tectonic and
geochemical relationships of the Ferrar and Karoo low-Ti magmas,
which constitute a major part of the Jurassic Gondwana large igneous
province, suggest that they were derived from a single source associated
with a triple junction in the proto-Weddell Sea region.
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INTRODUCTION

Asthenospheric plumes are important in the generation of large
igneous provinces, which are commonly associated with supercontinent
breakup (Morgan, 1981). Opinions differ on whether plumes are the active
driving mechanism for breakup or play a more passive role (e.g., Duncan
and Richards, 1991 ; White and McKenzie, 1989). In the Gondwana context,
the Cretaceous-Tertiary Deccan flood basalts can be traced to the Réunion
hotspot, and Early Cretacecus magmatism associated with South Atlantic
opening can be linked to the Tristan hotspot (Richards et al., 198%). Middle
Jurassic breakup and Karoo magmatism have been related (White and
McKenzie, 1989) to a plume centered on the South Africa—East Antarctica
conjunction (Fig. 1). Storey and Kyle (1997) proposed several plumes in
close proximity to account for breakup magmatism, but convincing hotspot
traces linking independent plumes to Jurassic magmatism are lacking
(Hawkesworth et al., 1999).

A plume has been specifically linked to a triple junction at Nuanetsi
where the Lebombo belt, Botswana dike swarm, and Sabi River belt intersect
(see Ernst and Buchan, 1997); however, the plume center is often depicted
farther south along the Lebombo monocline (e.g., Storey, 1995). Extension
of the rift toward the Gondwana plate margin has remained uncertain be-
cause of subsequent fragmentation of the margin (Dalziel and Elliot, 1982).
Ferrar magmas of Antarctica, which were contemporanecus with tholeiitic
magmas of Karoo, Queen Maud Land, and the Falkland Islands, provide
further constraints on the initial stages of rifting. Geochemical and tectonic
relationships suggest that a major magmatic source associated with a triple
Junction existed in the proto-Weddell Sea region in the Middle Jurassic.

FERRAR LARGE IGNEOUS PROVINCE

The Ferrar tholeiites, extending 3500 km from the Theron Mountains to
southeast Australasia (Fig. 1), consist principally of the Dufek intrusion (0.6 x
10° km?3) and Ferrar Dolerite sills (1.1-1.7 x 10° km?), plus the Tasmanian
Dolerites and extrusive rocks in Antarctica. Ferrar tholeiites are characterized
by enriched initial Srand Nd isotope ratics and low high field strength element
(HEFSE) concentrations with crust-like ratios, even in the most mafic rocks
with ~9% MgO (Fleming et al., 1997, and references therein).

The cutcrop pattern of the Ferrar rocks (Fig. 1) led Cox (1988) to pro-
pose a linear source beneath the Transantarctic Mountains. Ferrar geo-
chemistry has been attributed to source enrichment by subduction along the
Gondwana plate margin (Hergt et al.,, 1991; De Wit and Ransome, 1992), or
to a linear zone of lithospherically derived magmatism controlled by plate
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margin forces (Hawkesworth et al., 1999). Alternatively, Ferrar magmas had
a narrowly focused origin in the proto-Weddell Sea region (Elliot et al.,
1999, and references therein). Dispersal from this source region entailed
long-distance transport of magmas, which was controlled by an extensional
tectonic regime initiated in the Early Jurassic (see Elliot et al., 1999). The
Dufek intrusion was considered by Ford and Kistler (1980) to be close to a
triple junction and the Ferrar rocks to be located along an associated rift;
Storey and Kyle (1997) regarded the Dufek intrusion as the source from
which Ferrar magmas were dispersed.

U/Pb dates (183-184 Ma) for Ferrar sills and the New Amalfi sheet,
South Africa (see Fig. 1) (Encarnacién et al., 1996), and for the Dufek intru-
sion (Minor and Mukasa, 1997), demonstrate contemporaneity of Ferrar
and at least part of the Karoo magmatism at a resolution of ~1 m.y. The
40Ar/3Ar dates for Ferrar, Karoo, and Queen Maud Land rocks (Fleming
et al., 1997, and references therein; Duncan et al., 1997) also establish con-
temporaneity when recalculated to a comumon standard. Although the Falk-
land Islands dikes are apparently older by about 6—10 m.y. (Mussett and
Taylor, 1994), the saddle-shaped spectra suggest that the dates reflect excess
argon and are therefore too old.

KAROO PROVINCE
Geochemically, Karoo rocks are divided into high-Ti and low-Ti com-
positions (Cox, 1988). The former has Sr and Nd isotope ratios that overlap

South Ny
America |/

Maud
\ Land

v@éxplora
o wedge

Theren
Mtns.

Dufek
Massif

P34

vl
e’

=
SueIINOW opose

——

CR  Chatham Ri;: - ._Dinslﬂa

ENZ East New Zealand

L Lebombao belt

NA  MNaw Amalf Sheet [ 1

PV Pearse Vafey

Tl Thurston Island block

Karoe large igneous province i & -
/- R ustralia xaxfos

CTM Central Transantarctic MmsT‘
DP  Dawson Peak ! ‘\ “
EWM Ellsworth-Whitmora block \CR\
KD Kirwans Dolerite \
LHR Lord Howa Rise /
MEB Maurice Ewing Bank
NAM  NuanetsiMwenezi ‘ N
NVL  Norih Victona Land Qa
8/S  Sabi/Save Region
SVL South Victoria Land
WNZ West New Zealand
Ferrar large igneous prevince
VM. Jurassic Dasalls
L] UiPh datas {153-184 Ma) |

Figure 1. Gondwana reconstruction illustrating distribution of
Middle Jurassic basaltic rocks in Antarctica and southern
Africa. Plume center and head are from White and McKenzie
(1989).
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