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ABSTRACT

The Ferrar Dolerite constitutes the hyp-
abyssal phase of the tholeiitic Ferrar Group of
Antarctica. Sills with compositions represent-
ing most of the range of geochemical variation
of the Ferrar Dolerite, and separated by dis-
tances of as much as 1400 km, have been ana-
lyzed by the **Ar/*? Ar method on feldspar and
biotite separates. The ' Ar/* Ar ages for five in-
dividual sills range from 176.2 to 177.2 Ma and
show no significant difference. These ages re-
flect crystallization at 176.7 + 1.8 Ma (where
the uncertainty includes provision for system-
atic uncertainty in the age of the neutron-flu-
ence monitor calibrated relative to MMhb-1 at
513.5 Ma). Combining data from these sills
with previous determinations on coeval lavas
and underlying pyroclastic units indicates an
age of 176.6 + 1.8 Ma for the Ferrar tholeiitic
rocks as a whole. The duration of magmatic ac-
tivity was less than =1 m.y. By extension, other
rocks in the Ferrar magmatic province, which
occur from southeastern Australia, along the
Transantarctic Mountains to the Theron
Mountains, are inferred to have this age. The
short duration of magmatic activity as well as
the consistent pattern of geochemical variation
and distinctiveness of the Ferrar rocks suggest
that magmas were transported laterally by an
extensive dike swarm which is inferred to have
originated in the Weddell Sea sector of the
province.
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INTRODUCTION

Geochronological studies of Phanerozoic conti-
nental flood basalt provinces demonstrate re-
stricted episodes of eruptive activity for the bulk of
the extrusive rocks. Examples include (see addi-
tional references in Heimann et al., 1994) the Co-
lumbia River (Baksi and Ferrar, 1990), Deccan
(Venkatesan et al.. 1993; Baksi, 1994), Parand
(Renne et al., 1993; Tumer et al., 1994), Rajmahal
(Baksi, 1995), Siberian (Dalrymple et al.,, 1995;
Renne et al., 1995), Ethiopian-Yemen (Baker et
al., 1996), and Ferrar (Heimann et al., 1994) prov-
inces, For most of these provinces, the duration is
shorter than a few million years and, in some
cases, shorter than can be resolved by present geo-
chronologic technigues (=1% or less of the age). In
a few cases, however, magmatism may have per-
sisted for as much as =10 m.y. (e.g., Parand, Turner
et al., 1994), The age and duration of associated in-
trusive activity are ambiguous because the intru-
sives lack the stratigraphic control that constrains
the ages of lava sequences. The intrusions, how-
ever, may provide a more complete record of mag-
matic activity because the extrusive sequences are
often incomplete due to erosion. Several continen-
tal flood basalt provinces, including the Mesozoic
tholeiites of eastern North America (Puffer and
Ragland, 1992), the Karroo in southern Africa (Er-
lank, 1984), and the Ferrar in Antarctica (Tingey,
1991a), have a significant proportion of their total
volume emplaced as sills in relatively young sedi-
mentary basins. In these cases, the ages of intru-
sions are important to the temporal framework of
magmatism and, as a consequence, the geotec-
tonic implications that follow.

This paper examines the geochronological,
geographical, and geochemical relationships of
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the intrusive suite of the Ferrar Group (the Ferrar
Dolerite) in order to provide a broader perspec-
tive on the timing and duration of Ferrar magma-
tism. Recent geochronological work on the ex-
trusive phases of the Ferrar Group (Kirkpatrick
Basalt; Prebble, Mawson and Exposure Hill for-
mations) has shown that they were erupted over a
short interval (£1 m.y.) and contemporaneously
in lava fields separated by distances of as much as
1200 km (Heimann et al., 1994). However, the
lavas, which are the most thoroughly studied of
the Ferrar Group, represent only a small propor-
tion (<<1%) of the exposed volume and occur in
only three relatively restricted areas. In addition,
the Ferrar Dolerite sills may represent conduits
that supplied magma to centers from which the
Kirkpatrick Basalt lavas and related pyroclastic
rocks were erupted; thus, the temporal relation-
ships are key to evaluating this possibility.

GEOLOGIC BACKGROUND

The Transantarctic Mountains consist of a pre-
Devonian igneous, metamorphic, and sedimen-
tary basement complex (Laird, 1991; Tingey,
1991b) overlain by flat-lying, Devonian to Upper
Triassic, clastic sedimentary rocks assigned to
the Beacon Supergroup (Collinson et al., 1994),
In places, a silicic tuffaceous sequence separates
the Beacon from the basaltic pyroclastic rocks of
the Prebble, Mawson, and Exposure Hill forma-
tions (Elliot and Larsen, 1993) and the capping
lavas of the Kirkpatrick Basalt. Diabase sills and
dikes, which are termed the Ferrar Dolerite, in-
trude the Beacon sedimentary sequence and, less
commonly, the basement. The Ferrar Group is
well known for its geochemical characteristics,
including elevated initial ¥7Sr/*Sr ratios (>0.708)
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and crust-like trace element patterns, which have
stimulated debate centered on the extent to which
the compositions reflect crustal assimilation or an
enriched source (see Fleming et al., 1995, and
references therein).

The Kirkpatrick Basalt crops out in three
widely separated areas: the central Transantarctic
Mountains (Barrett et al., 1986), south Victoria
Land (Kyle, 1979; Kyle et al., 1983; Worner,
1992), and north Victoria Land (Elliot et al.,
1986a) (Fig. 1). The volume exposed in the three
areas is =800 km?, although the original volume
may have been significantly greater, Assuming
original continuity between present exposures
within each of the regions where the Kirkpatrick
Basalt is found vields a volume of =7000 km?.
This volume estimate, however, is still likely to
be significantly compromised by erosion and is
considered a minimum volume. In each of the
three areas. the eruption of lavas was preceded by
basaltic pyroclastic activity represented by la-
haric deposits, pyroclastic breccias, fine-grained
tuffs, and wiffaceous sandstones resulting from
phreatomagmatic processes (Bradshaw, 1987:
Elliot et al., 1986b; Elliot and Larsen, 1993; Han-
son and Elliot, 1996).

The Ferrar Dolerite, composed primarily of
sills and low-angle sheets, and containing minor
dikes, crops out in a region extending from Horn
Bluff in north Victoria Land to the Theron Moun-
tains in Coats Land, a distance of =3000 km. The
present distribution of the dolerites is signifi-
cantly more extensive than the lavas and is gener-
ally coincident with the Beacon Supergroup. The
sills form one of the most prominent features of
the Transantarctic Mountains landscape, being
the principal cliff-forming unit within the Beacon
sedimentary sequence. Individual sills locally at-
tain a thickness of 1000 m. although most are in
the range of 100-300 m. They can be followed in
outcrop for several tens of kilometers, although
this is insignificant compared to the overall di-
mensions of the province. Correlations over
longer distances are more difficult to demon-
strate; however, continuity has been suggested in
some cases. For example, Gunn (1962} inferred
that an =400 m thick sill in south Victoria Land,
which was emplaced along the unconformity be-
iween the Beacon sequence and the basement, is
continuous over an area of at least 20 000 km?,
and thus has an estimated minimum volume of
8000 km?. Similarly. Roland and Tessensohn
(1987) correlated discontinuous outcrops of asill
intruded at the same stratigraphic position in
north Victoria Land over a distance of more than
200 km. Given that feeder dike systems for Fer-
rar magmatic activity have not been observed, it
is reasonable to assume that magmas may have
migrated long distances within the Beacon sedi-
mentary rocks. The aggregate thickness of sills
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Figure 1. Map of Antarctica showing the distribution of the Ferrar Group. The locations of
samples analyzed for this study are indicated by boxed text.

shows significant regional variations. In south
Victoria Land and the central Transantarctic
Mountains, sills have an aggregate thickness of
=1000 m. Thicknesses in other regions vary be-
tween 100 and 500 m. Regional estimates of ag-
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gregate sill thickness and the area of present ex-
posure yield a volume of =1.1 % 10° km? for the
Ferrar Dolerite. This is similar to the minimum
estimate (1% 10% km?) of Kyle et al. (1981), As-
suming a continuous | 50-km-wide outcrop belt







































