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A combination of 1555magnetic susceptibilitymeasurements from the Antarctic Peninsula between 65°S to
72°S (for which the raw data are made available), and petrological, structural and metamorphic data, has
been used to improve understanding of: (1) magma sources for the Antarctic Peninsula batholith; (2) ge-
netic relationships between granitoids and metamorphic rocks, and; (3) to provide a semi-quantitative
measure of the extent and grade of metamorphic zones. The redox state of Jurassic plutonic rocks indicates
that these had continental magma sources in the tectonostratigraphic terranes of the Central and Eastern
domains. Triassic and Cretaceous plutons, on the other hand, had subduction-related sources in the Central
Domain of the western Antarctic Peninsula and continental sources in the Gondwana-margin Eastern Domain.
Circum-Pacific comparisons ofmagnetite–ilmenite belt geometries identify the Antarctic Peninsula belt as a nat-
ural continuation of comparable South American belts. Susceptibility trends are generally retained by
orthogneisses, suggesting that they formed by deformation of plutonic rocks mostly at or below upper
amphibolite-facies conditions. Metasedimentary rocks are weakly magnetic across the peninsula, and are spa-
tially associated with continentally derived or crustally contaminated plutons (ilmenite-series). Orthogneisses
andmetabasites from stronglymagnetic plutonic environments show areas of very lowmagnetic susceptibilities
that may be linked to fluid-enhanced, tectonometamorphism-induced reduction of magnetic susceptibility. The
distribution of reduced magnetic susceptibility areas follows the surface traces of major shear and fault zones in
Palmer Land. Our results are consistent with tectonic interpretations of oblique compression and uplift of an arc
block on the Pacific margin of Gondwana during the Palmer Land Event.

Crown Copyright © 2012 Published by Elsevier B.V. All rights reserved.

1. Introduction

Magnetic susceptibility in rocks is a direct indicator of the amount of
magnetite (a strongly magnetic metastable mineral) and thus provides
a usefulmeasure of the redox state ofmagmatic arcs and associatedmeta-
morphic domains (e.g. Clark, 1997; Frost, 1991b, 1991c). Combined with
interpretation of aeromagnetic data, magnetic susceptibility has revealed
much about themagmatic arcs of the circum-Pacific region. These include
the Phanerozoic granitoids of Japan (e.g. Ishihara, 1979) and South Korea
(Ishihara, 1981; Jin et al., 2001), South China (Ishihara andWang, 1999),
theMalay Peninsula (Ishihara et al., 1979), the Lachlan Fold Belt of Austra-
lia (Chappell, 1994; Tainosho et al., 1988), the Sierra Nevada (Bateman et
al., 1991), theNorthern Cordillera (Hart et al., 2004) and Peninsular Range
batholith of North America (e.g. Gastil et al., 1990) as well as in the

Andean granitoids of Northern Chile (Ishihara, 1981) and Peru
(Ishihara et al., 2000), and also over part of the Antarctic Peninsula
batholith (Vaughan et al., 1998). Studies indicate important varia-
tions in the processes of granitoid formation and deformation during
arc evolution (e.g. Hart et al., 2004; Ishihara, 1998; Takagi, 2004) and
that magnetic susceptibilities can be used to identify economic min-
eralization provinces (e.g. Ishihara and Murakami, 2004).

Magnetic properties of rocks reflect, above all else, the partitioning
of iron between strongly magnetic oxides and weakly magnetic mate-
rial such as silicates and carbonates. This partitioning depends on
chemical composition, oxidation ratio of iron and the conditions of
petrogenesis (e.g. Clark, 1997). It is now widely accepted that from
all Fe–Ti oxides, spinel magnetite (Fe3O4) is the most important min-
eral in determining magnetic susceptibility (the degree of magnetiza-
tion κ, specifically volume susceptibility, which is dimensionless, in
response to an applied magnetic field) (e.g. Bannerjee, 1991; Clark,
1997; Telford et al., 1990). Consequently, κmeasurements are a direct
indicator of the average magnetite volume in rock (Clark, 1997).

Oxides in rocks form two distinct groups: the very weakly mag-
netic (diamagnetic and paramagnetic) oxides, comprising corundum,
spinel, chromite, green spinels, rutile, ulvospinel, low-Fe3+ ilmenite
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etc., and oxides broadly classed as ferromagnetic, which includes
magnetite, titanomagnetite, ferric iron-rich ilmenite and hematite.
Although there is complete solid solution between magnetite and
the other common spinels, magnetite (Fe3O4) plays a special role be-
cause it is the most magnetic oxide (e.g. Bannerjee, 1991; Clark, 1997;
Frost, 1991b) and because it has, together with ilmenite (FeTiO3), a
distinct mode of crystallization that depends mainly on oxygen and
sulfur fugacity and hence monitors the oxidation or reduction state
of a rock (e.g. Carmichael, 1991; Frost, 1991b; Takagi, 2004; Takagi
and Tsukimura, 1997). Under metamorphic conditions and for a
given rock composition, the stability, crystallization or break-down
of magnetite and ilmenite depends on oxygen and sulfur fugacities,
which are controlled by temperature and/or fluid circulation (e.g.
Frost, 1991c; Ishihara, 1981).

In this paper, we present the first regional-scale magnetic suscep-
tibility study of the Antarctic Peninsula, from 65°S to 72°S and 61°W
to 68°W, expanding on the work of Vaughan et al. (1998). Magnetic
susceptibility data have been combined with quantitative oxygen fu-
gacity analyses from magnetite–ilmenite geothermobarometry, and
interpreted in the light of recent metamorphic, structural, geophysi-
cal and tectonic observations. The combined datasets provide insights
into the tectonic history and metamorphism of the peninsula. Using
them, we seek to: (1) define the limits of magnetite–ilmenite series
granitoid regions; (2) identify genetic relationships between granit-
oids and metamorphic rocks and; (3) quantify the extent and grade
of metamorphic zones. We discuss our results both within the frame-
work of large-scale circum-Pacific distribution of magnetite–ilmenite
belts and, on a smaller scale, in the context of the terrane accretion
model for the Antarctic Peninsula (Fig. 1) (Ferraccioli et al., 2006;
Vaughan and Storey, 2000; Vaughan et al., 2012a).

2. Geological setting

TheAntarctic Peninsula is one offive crustal blocks inWestGondwana
(Storey, 1991) TheAntarctic Peninsula is composed of at least two suspect
terranes in fault contactwithpara-autochthonous rocks of the continental
Gondwana margin (Vaughan and Storey, 2000; Vaughan et al., 2012a).
George VI Sound separates the farthest outboard subduction complex of
the Western Domain (Fig. 1) from the Central Domain. The Central Do-
main is a composite magmatic arc terrane largely equivalent to the Ant-
arctic Peninsula batholith of Leat et al. (1995) in Palmer Land. It has
been subdivided using aerogeophysical data into a felsic western zone
and a mafic eastern zone (Ferraccioli et al., 2006). The Central Domain
Eastern Zone (CDEZ) (Fig. 1) has been interpreted as a Permo-Triassic
primitivemagmatic arc, the Dyer Arc (Vaughan et al., 2012b). The Eastern
Palmer Land Shear Zone (EPLSZ) (Fig. 1) is a major dextral-oblique
(strike–slip to reverse slip) zone of convergence between the Central Do-
main and Eastern Domain (Fig. 1). The Eastern Domain (Fig. 1) appears to
represent the deformed Gondwana continental margin.

Quantitative pressure–temperature (P–T) calculations for the Ant-
arctic Peninsula (Wendt et al., 2008) indicate six metamorphic zones
ranging from greenschist-facies conditions to granulite-facies condi-
tions between 65°S and 72°S. The metamorphic zones are based on
probable peak P–T conditions. The metamorphic zones are aligned
with major compressive features, such as the EPLSZ, and geophysical
features such as the Pacific Margin Anomaly (PMA) (Ferraccioli et al.,
2006; Johnson, 1999; Maslanyj et al., 1990) (Fig. 2). In Palmer Land,
metamorphic zones exposing the highest amphibolite-facies pres-
sure and temperature conditions are oriented sub-parallel to the
southern part of the PMA (Fig. 2) (Maslanyj et al., 1990). In the Cen-
tral Domain Western Zone (CDWZ) (Ferraccioli et al., 2006) (Fig. 1),

Fig. 1. Tectonostratigraphic terranes map of the Antarctic Peninsula. The Eastern Palmer Land Shear Zone (EPLSZ) separates subduction complex and magmatic arc terranes from
Gondwana margin basinal sequences (modified after Ferraccioli et al., 2006; Riley et al., 2012; Vaughan and Storey, 2000; Vaughan et al., 2012a). Central Domain Western Zone
(CDWZ); Central Domain Eastern Zone (CDEZ); Eastern Domain (ED); George VI Sound (GVIS).
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