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Summary Airborne magnetic data provide a means for guiding reconstructions of Precambrian continents, in
particular the hotly debated western continuations of Laurentia, in that the magnetic data tie existing isolated
interpretations of geologic units through continuous data coverage, provide plate scale views of geology and tectonics
and extend interpretations of units buried beneath cover. The aim of this paper is to demonstrate the approach of using
reconstructed magnetic data to evaluate the SWEAT plate reconstruction. The first step is to identify key piercing points
in the SWEAT plate reconstruction model, determine the sources of magnetic anomalies associated with those piercing
points and then match anomalies across continental boundaries.
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Introduction

Airborne magnetic data provide a means for guiding reconstructions of Precambrian continents, in particular the
hotly debated western continuations of Laurentia, in that the magnetic data tie existing isolated interpretations of
geologic units through continuous data coverage, provide plate scale views of geology and tectonics and extend
interpretations of units buried beneath cover. Recent release of digital continental-scale aeromagnetic compilations
[ADMAP group, 2001; Milligan and Tarlowski, 1999; Ministry of Geology of the U.S.S.R., 1974; NAMAG, 2002] as
well as new aeromagnetic data from Antarctica [Anderson et al., 2006; Studinger et al., 2004; Studinger et al., 2006]
that provide a glimpse of the sub-ice Precambrian geology in critical areas for reconstructions allow us to use them for
plate-tectonic scale reconstructions. Attempts have been made on a local scale to use the continuity of aeromagnetic
anomalies as a means to link Precambrian continents [Bird and Roest, 1998; Sears and Price, 2003] but these efforts
were hampered by the lack of digital data. Reconstruction of parts of Gondwana with aeromagnetic and satellite
magnetic data have been more successful [Finn et al., 2006; Reeves, 1998]. In this paper we combine magnetic data,
plate reconstructions and regional geologic mapping to help constrain the SWEAT reconstruction of Rodinia. “Piercing
points” have been used to match Precambrian cratonic blocks and orogenic belts thought to be pieces of the same
ancient continent. These piercing points include coeval and genetically similar Archean to Mesoproterozoic rocks
[Dalziel, 1991; Moores, 1991], Neoproterozoic rifted margins [Blewett et al., 1998; Ross and Villeneuve, 2003],
apparent similarities in supracrustal successions [Hanson et al., 1998], and detrital zircons and suggested source areas
[Goodge et al., 2004] (Fig. 1).

The aim of this paper is to demonstrate the approach of using reconstructed magnetic data to evaluate the SWEAT
plate reconstruction. The first step is to identify key piercing points in the SWEAT plate reconstruction model,
determine the sources of magnetic anomalies associated with those piercing points and then match anomalies across
continental boundaries.

SWEAT magnetic reconstruction

Unlike reconstructions of Gondwana, where the shapes of its various pieces are reasonably well-determined based
on palacomagnetic, palacontological, geological, and geochronological data [McElhinny et al., 2003], the composition
and shapes of the pieces of Rodinia are far less-constrained [Pisarevsky et al., 2003]. Western Laurentia is thought to be
rifted away from its ancient continuation during the breakup of Rodinia roughly between 750 and 550 Ma (e.g.,
Pisarevsky et al., 2003 and references therein). If so, the piercing points and their magnetic signatures must be
preserved on the both sides of the suggested conjugate margin. Unfortunately, all the passive continental margins
developed since Neoproterozoic eventually became active margins and consequently significant juvenile highly
magnetic material has been produced during subsequent accretional and/or collisional events, masking the signal of the
older rocks. Despite the short duration of Rodinia (1100-750 Ma), many of the piercing points used in the
reconstructions are Archean-Mesoproterozoic in age. Our approach is to compare the magnetic signatures of relatively
undeformed portions of the Antarctic and Laurentian cratons. The eastern boundary of relatively undeformed East
Antarctic craton is defined by airborne and satellite magnetic and seismic tomography data (Fig. 1) [Finn et al., 2006]
In order to examine the SWEAT pinning points (Fig. 1) in the Antarctic magnetic data, the completely overprinted
Neoproterozoic rifted margin sources consisting of magnetic quiet zones over rift sedimentary rocks and high amplitude
positive anomalies over Paleozoic-Cenozoic igneous rocks [Finn et al., 2006] are ignored and only anomalies inboard
of the Neoproterozoic lows are compared to Laurentia (Fig. 2). For Laurentia, the Neoproterozoic boundary has been
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defined by isotopic, gravity and magnetotelluric data [Grauch et al., 2003; Kistler, 1983; Tosdal et al., 2000, Wooden et
al., 1998]. We do not attempt to match up the shapes of the continental fragments.
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Figure 1. Paleogeographic reconstruction of central Rodinia [from Goodge et al., 2004), emphasizing postulated fit of
East Antarctica-Australia and western Laurentia prior to rift separation, based on geologic, age and isotopic correlation.
Sedimentary provenance connection between Pandurra Formation (Pa) and Prichard Formation (Pr), indicated by light
blue symbols. G = Gawler Province; GSM = Gamburtsev Subglacial Mountains; Mo = Mojave Province; MR = Miller
Range; PM = Pensacola Mountains; R = Ross Orogen; SR = Shackleton Range; TA = Terre Adé¢lie.

Aeromagnetic coverage of East Antarctica’s proposed Laurentian border consists mainly of isolated profiles and
transects with widely-spaced flight lines crossing the polar plateau (Fig. 2). In contrast, the flight line spacing of
magnetic surveys over Laurentia is covered by magnetic surveys with line spacing varying from 100 m to 6000 m
[NAMAG, 2002]. We rotated airborne magnetic data from Antarctica and Laurentia (Fig. 1) into their relative SWEAT
positions [Dalziel, 1991; Reeves and de Wit, 2000]. As the methods used to compile the aeromagnetic data vary,
quantitative comparison of maps is not always possible. We compare varying attributes of the magnetic data where
possible--anomaly sign and amplitude, wavelengths, and trend. The original Antarctic magnetic data is compared to
low-pass filtered magnetic data from Laurentia. The low-pass filtering of the magnetic data over Laurentia reduced the
signal related to Cenozoic volcanic rocks that obscure the Precambrian basement, although it is still visible as subtle
“bumps” in the Mojave province (Fig. 2) [Finn and Sims, 2005].

The main provinces in Laurentia, the Paleoproterozoic Yavapai and Archean Mojave, that have been linked to
Antarctica are characterized by magnetic quiet zones reflecting their magnetite-poor character [Finn and Sims, 2005].
In contrast, high-amplitude (>400 nT at ~4000 m below the surface) positive anomalies oriented north northwest (in
rotated coordinates) characterize the East Antarctic craton in the northern part of the study area (AEROTAM and Miller
Range transects, Fig. 2). Sources of magnetic anomalies related to undeformed East Antarctic craton are completely
unknown due to lack of exposure, but their complete difference with those found in Laurentia suggest no correlation
between the proposed piercing points.
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The part of the South Pole transect that is not related to known Phanerozoic rocks is dominated by a 60-km-wide,
~60 nT linear NE-trending (in rotated coordinates) magnetic low flanked on its East Antarctic side by positive 20 and
50 nT highs, and occasional circular shaped anomalies of more than 100 nT and 10-30 km diameter [Studinger et al.,
2006]. The magnetic low is flanked by a positive linear anomaly, between 30 and 60 km wide, with amplitudes greater
than 150 nT. The minimum depths to these sources are ~ 2500-3500 m. This magnetic signature does not look like the
Miller Range or AEROTAM datasets (Fig. 2). The corresponding province in Laurentia is the ~1.4 Ga A-type Granite-
rhyolite province (Fig. 1) whose magnetic anomalies from shallow sources and those buried ~5 km deep generally
exceed 300 nT [Finn and Sims, 2005]. No regional high-amplitude positive magnetic anomalies are observed in
Antarctica in this region.

The lack of similarities of magnetic signatures between Antarctica and Laurentia indicate that the piercing points
used in the SWEAT reconstruction are not valid. However, geochemical and geochronological data suggest a link
between a granite boulder found in the Miller Range and the granite-rhyolite province [Goodge et al., this issue]. This
would suggest that the magnetic highs observed over the AEROTAM and Miller Range transects may relate to the highs
associated with the ~1.4 Ga Laurentian Granite rhyolite province. If the AEROTAM and Miller Range magnetic highs
relate to the same rocks, and are linked to the granite rhyolite province, the SWEAT fit would be moved north by at
least 1000 km (Fig. 2). Modeling of the magnetic data from Antarctica and Laurentia will help confirm whether the
sources of the magnetic anomalies are similar. Evaluation of the new reconstruction will require examination of the
aeromagnetic fit between Mojavia and the Mawson block as well as anomalies associated with Proterozoic rocks in
northern Laurentia with the Gawler craton (Fig. 1).
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Figure 2. Color shaded-relief image of a merged compilation of acromagnetic data from Antarctica rotated in the
SWEAT configuration (Moores, 1991; Dalziel, 1991) so that it aligns with magnetic data from SW Laurentia filtered to
enhance Precambrian basement. Thick black lines delineate Precambrian province boundaries [Karlstrom et al., 2001].
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