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Abstract In the Cambrian, the paleo-Pacific margin of the Gondwana supercontinent included East Antarctica,
Australia, Tasmania and New Zealand and was affected by the major Ross-Delamerian Orogeny. In Antarctica,
evidence suggests that this resulted from oblique subduction and that in northern Victoria Land it was accompanied by
the opening and subsequent closure of a back-arc basin. Comparison of the type and timing of sedimentary, magmatic
and metamorphic events in areas noted above shows strong similarities between northern Victoria Land and New
Zealand. In both regions Middle Cambrian volcanites are interpreted as arc/back-arc assemblages produced by west-
directed subduction; sediments interbedded with the volcanites show provenance both from the arc and from the
Gondwana margin and therefore place the basin close to the continent. Back-arc closure in the Late Cambrian was

likely accomplished through a second subduction system.
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Introduction

The formerly adjacent northern Victoria Land,
Antarctica, Tasmania, SE-Australia and New Zealand
contain fragments of a Cambrian orogen known as Ross-
Delamerian Orogeny, but contrasting models have often
been proposed in each sector (e.g., Weaver et al., 1984;
Kleinschmidt and Tessensohn, 1987; Miinker and
Crawford, 2000; Ferraccioli et al., 2002; Squire and
Wilson, 2005; Foster et al., 2005; Federico et al., 2006;
Gutjahr et al., 2006).

We compare timing and type of magmatic,
sedimentary, metamorphic and deformation events in
areas noted above and identify striking similarities
between northern Victoria Land (NVL) and the Takaka
Terrane of New Zealand (NZ). Especially new
geochemical data on clasts from Middle Cambrian
conglomerates in New Zealand suggest a correlation with
a coeval basin in northern Victoria Land. We summarize
the main features in common and discuss the tectonic
evolution of the NVL-New Zealand sector of the margin.

Cambrian geology

Northern Victoria Land (Antarctica)

NVL (Fig. la) includes three terranes: the Wilson
Terrane, the Bowers Terrane and the Robertson Bay
Terrane. The Wilson Terrane is made up of
metasedimentary rocks with bodies of mafic and
ultramafic rocks (including eclogites) at the boundary
with the Bowers Terrane (Ricci et al., 1996; Capponi et
al., 1997). Eclogites contain relic coesite and therefore
formed at peak pressures of > 2.9 GPa (Ghiribelli et al.,
2002; Palmeri et al., 2007). They record UHP
metamorphism at c.a. 500 Ma and show geochemical
affinities variable from E-MORB to T-MORB to orogenic
calc-alkaline (Di Vincenzo et al., 1997). The Wilson
Terrane is intruded by a Cambro-Ordovician calc-alkaline
plutonic suite with magmatic arc affinity (Granite

Harbour Intrusives). The oldest granitoids of this suite
have been dated at 544 + 4 Ma and 535+26 Ma (Stump,
1995 and references therein).

The low-grade Bowers Terrane comprises the
Sledgers, the Mariner and the Leap Year Groups. Within
the Sledgers Group, the Glasgow Volcanics are primarily
basalt and andesites with subordinate felsic volcanics.
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Figure 1. Schematic geological map of the studied
areas.

They are intercalated with the metasedimentary Molar
Formation. Their affinity with N-MORB, E-MORB, T-
MORB, arc tholeiite, calc-alkaline and OIB magmas
(Rocchi et al., 2003) point to an arc/back-arc setting. The
Molar Formation is made up of fine sandstone and shales,
with interbeds of polymict conglomerates, with clasts of
mafic / ultramafic rocks to felsic rocks. Basset et al.
(2001) reported an age of 511 + 7 Ma for a granitoid clast.
A mixed continental (probably the Wilson Terrane) /
primitive magmatic arc source of the Molar Formation is
supported by chemical and isotopic data (Henjes-Kunst
and Schiissler, 2003) and is consistent with a back-arc
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setting. The late Middle / early Upper Cambrian Mariner
Group records the progressive infilling of a basin and the
end of volcanic activity. The unfossiliferous marine to
continental Leap Year Group is in sharp and weakly
discordant contact with the Mariner Group.

The Robertson Bay Terrane consists of a thick
sequence of very low-grade turbidites whose base is
unexposed. A Cambro-Ordovician age (Wright et al.,
1984; Henjes-Kunst, 2003) and a metamorphic
continental source (Stump, 1995; Henjes-Kunst and
Schiissler, 2003) are inferred. The nature of the original
basement is unknown but Federico et al. (2006) suggest
that it could be oceanic crust. These turbidites possibly
record sedimentation in a marginal basin, in light of
evidence for a subduction zone outboard (Fioretti et al.,
2005). Since ages of both sedimentation and deformation
of the Robertson Bay Terrane are still ambiguos, its
possible relation to the Ordovician Lachlan Orogeny
cannot be excluded (see Bradshaw, this congress). The
presence of granulites in cored bombs of the Cenozoic
McMurdo Volcanics (Rocchi et al., unpubl. data) and of
crustal xenoliths inside the Devonian Admiralty Intrusives
(GANOVEX Team, 1987) suggest that crustal elements
may be presently buried under the pile of Robertson Bay
turbidites. These possibly outcrop at Surgeon Island (see
discussion in Fioretti et al., 2005).

New Zealand

Cambrian rocks of NZ outcrop in the Takaka Terrane
(Fig. 1b) and comprise both volcanic and sedimentary
rocks. The Takaka Terrane is composed of at least 13
north-south trending fault slices, each with a more-or-less
coherent internal stratigraphy that differs somewhat from
that of the other fault slices (Miinker and Cooper, 1999).
The fault slices represent relics of an arc to back-arc
transect (Miinker and Cooper, 1999). The Cambrian arc to
back-arc rocks (Devil River Volcanics Group) are
subdivided into the older Mataki Volcanics, the Cobb
Igneous Complex and the Benson Volcanics.

The Mataki Volcanics comprise mainly tholeiitic
basalts, possibly of back-arc setting. The Cobb Igneous
Complex comprises gabbros and ultramafites of boninitic
composition. A U/Pb zircon SHRIMP age of 515 + 7 Ma
has been obtained from a plagiogranite cutting the
complex (C. Miinker, T. Ireland and S. Weaver, quoted in
Miinker and Cooper 1999). The late Middle Cambrian
Benson Volcanics comprise a calc-alkaline suite of
basaltic to andesitic composition.

Trace element and isotopic compositions of Devil
River Volcanics Group rocks are very variable (e.g., eNd
ranges from -5 to +6 and initial 87S1/86Sr (at 500 Ma)
ranges from 0.703 to 0.712; Miinker, 2000).

The Devil River Volcanics Group interfingers with the
Haupiri Group, a Middle to Upper Cambrian (?)
sedimentary sequence made up of fine sandstone and
siltstone with bodies of conglomerates. The sequence
ends with the thick polymict Lockett Conglomerate. It
contains clasts of chert, mafic and felsic volcanics,

granitoids, ultramafics and sandstone. A recent
geochemical study on the conglomerate clasts (Gutjahr et
al., 2006) identified a continental source for the
metagranitic and sandstone clasts and an intra-Devil River
arc source for the ultramafic to intermediate igneous
clasts.

In Fiordland more strongly metamorphosed Takaka
Terrane rocks occur, including a  high-grade
metasedimentary sequence intruded by a 480 Ma granite
(Gibson and Ireland, 1996).

Table 1. Correlation chart of magmatic, sedimentological
and tectonic events in Cambro-ordovician time in
northern Victoria Land and New Zealand. Cambrian
boundaries according to the International Stratigraphic
Chart (2004). Data used in the table: ANTARCTICA:
Cooper et al. (1996); Di Vincenzo et al. (1997); Stump
(1995).

NEW ZEALAND: Gibson and Ireland (1996); Gutjar et
al. (2006); Jongens et al. (2003); Miinker and Crawford
(2000).
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Figure 2. Proposed paleogeographic reconstruction of the NVL - NZ sector of the paleo-Pacific Gondwana margin in:
a) Early Cambrian: westward subduction; b) Middle Cambrian: back-arc basin opening ; ¢) Late Cambrian: back-arc
basing closure, probably following collision of a buoyant element (continental or oceanic) in the Antarctic segment.

Discussion

Detailed comparison of Cambrian events in SE
Australia, Tasmania and Antarctica reveals significant
along-trend differences in the Ross-Delamerian tectonic
evolution, with stronger similarities between the NVL and
NZ sectors (Table 1). Most authors agree that Victoria
Land (Antarctica) was affected by W-directed subduction
(e.g. Kleinschmidt and Tessensohn, 1987; Weaver at al.,
1984; Ferraccioli et al., 2002). Westward subduction in
the NZ sector is supported by new geochemical data
(Miinker and Cooper, 1999; Gutjahr et al., 2006). Recent
work in NVL and NZ points to the development of a
back-arc basin that opened and closed in the Middle to
2006). Evidences of this event includes: the back-arc
basin affinities of Middle Cambrian volcanites and the
early Late Cambrian (Federico et al., 2006; Gutjahr et al.,
presence of coarse-grained sediments deposited in the
back-arc and supplied from the continental margin. A
period of extension along the paleo-Pacific margin of
Gondwana around 504-500 Ma has been recognized also
by Squire and Wilson (2005). In NVL closure of this
basin was possibly caused by the initiation of a second
subduction zone between the back-arc basin and the
continent. The collision of a continental mass, suggested
by Federico et al. (2006) in view of the evidence of
continental crust buried under the Robertson Bay
turbidites (discussed above), is still a subject of debate.
Alternatively, this could be replaced by a bouyant oceanic
feature. This mass could represent a continental ribbon
previously carved off the Gondwana margin. Subduction
of the back-arc basin was suggested by Gutjar et al.
(2006) for the NZ sector.

A possible NVL -NZ correlation

A possible reconstruction of the Ross tectonic
evolution in NVL and NZ is summarized in the following
(Fig. 2 and Fig. 3):

Early Cambrian: oblique westward subduction was
active in the Antarctic sector, producing the continental
magmatic arc of oldest Granite Harbour Intrusives.
Oblique convergence has been widely supported (e.g.
Rocchi et al., 1998; Capponi et al., 1999; Ferraccioli et
al., 2002), and many suggest that there was continental
crust in displaced terrane(s) on the lower plate (e.g.
Squire and Wilson, 2005). No Early Cambrian events are
recorded in NZ, apart from the occurrence of volcanic
clasts (mainly boninites and arc tholeites) in Mid-
Cambrian conglomerates (Miinker and Cooper, 1999).

Middle Cambrian: in the NVL - NZ sector, a back-arc
basin opened, probably because of the roll-back of the
subducting slab (Federico et al., 2006; Squire and Wilson,
2005). The back-arc basin had an oceanic nature in the
NZ sector (Miinker and Crawford, 2000), whereas in
NVL this is still debated (see discussion in Federico et al.,
2006).

Late Cambrian: in NVL and NZ the closure of the
back-arc basin occurred and resulted in high-pressure
metamorphism and deformation in NVL. The wide range
of geochemical affinities of both the eclogites and the
arc/back-arc Glasgow Volcanics could support a genetic
link between these rocks (see discussion in Federico et al.,
2006). In NZ the back arc subduction (cf. Gutjar et al.,
2006) was accompanied by crustal shortening, which
emplaced the arc assemblage over the accretionary
complex; this event was probably coeval with the
deposition of the Lockett Conglomerate and was followed
by the emplacement of the Balloon Melange (Jongens et
al., 2003). The reorganization of the convergent margin
may have been driven either by the collision of a
continental ribbon (Federico et al., 2006 and cited
references) situated on the lower plate, or by the arrival of
an oceanic plateau, or by introduction of buoyant young
ocean crust entering the  subduction  zone.
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Figure 3. Cambrian tectonic evolution in NVL and NZ (modified after Federico et al., 2006 and Gutjar et al., 2006).

See text for details.

Summary

Key similarities that exist between NVL and NZ in
Cambro-ordovician tectonics are:

. Both were affected by westward
subduction, established in NVL already in the
Lower Cambrian, whereas in NZ first clear
evidences of a subduction setting are of Middle
Cambrian time;

. In both areas a back-arc basin opened
and hosted sedimentary successions marked by
both a primitive magmatic and a mature
continental source;

. Closure of the back-arc basin, due to
development of a second subduction zone
outboard, occurred in both areas in the Late
Cambrian.

This relationship can be explained by a
paleogeographic reconstruction that places NZ close to
the Gondwana margin in Cambrian times (as suggested by
Gutjar et al. 2006), sharing a common tectonic evolution
with the NVL sector of the Ross Orogeny.
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