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1. INTRODUCTION

The paleomagnetic investigation of the Svalbard Archipelago can be divided into two distinct
groups. Research on the Caledonian basement primarily focuses on testing hypotheses that be-
fore final Caledonian amalgamation Svalbard existed as separate crustal blocks — terranes, prov-
inces. Paleomagnetic studies of Late Palaeozoic and younger rocks aim to quantify the
paleogeographic position of Svalbard in relation to Baltica (Laurussia). In the latter case, Sval-
bard is considered as a single lithospheric block, consolidated during the Caledonian orogeny
(sensu lato).

2. TESTING THE SCALE OF SEPARATION OF SVALBARD CALEDONIAN
TERRANES

Harland and Wright (1979) proposed that before Caledonian consolidation, Svalbard existed as
smaller lithospheric blocks dispersed along the eastern and northern margins of Greenland.

Here we adopt the nomenclature proposed by Harland (1997) for dividing Svalbard into the
Caledonian Western, Central, and Eastern Terranes. The amalgamation of the Terranes was
considered to have occurred in Late Devonian time (Harland and Wright 1979). Svalbard hosts
large-scale, north-south trending mylonite zones that exhibit several horizontal kinematic indi-
cators, such as Billefjorden Fault Zone, along which such crustal displacements could have
occurred. However, the scale of postulated displacements is yet to be quantified.

The Proterozoic to early Palaeozoic successions present an ideal opportunity for palaeomag-
netic experiments. There are, however, significant challenges. Unfortunately for two of the
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three Terranes (Western and Central) the primary palaecomagnetic record was entirely oblite-
rated during Caledonian tectonogenesis, when metamorphic processes remagnetised the rocks
(Burzynski et al. 2017; Michalski 2018; Michalski et al. 2012, 2014, 2017). Theoretically, if
we assume that the amalgamation of terranes occurred only in the Late Devonian time and was
linked to the activity of large-scale strike-slip faults, the scale of their separation should be
measurable based on previously imposed secondary Caledonian remagnetisation, which is po-
tentially associated with the main phase of the Caledonian collision in the Late Silurian. How-
ever, although both isotopic and palaeomagnetic records are based on the same fundamental
process—the cooling of carrier minerals below their critical temperature—precisely determin-
ing the absolute age of secondary palaeomagnetic directions linked to metamorphism remains
a significant challenge.

Ongoing palaeomagnetic studies suggest that the primary pre-Caledonian palaecomagnetic
record may have been preserved only in selected areas of the Eastern Terrane that escaped Cal-
edonian metamorphism. Maloof et al. (2006) identified three palaeopoles from Eastern Sval-
bard, which they interpreted as representing primary palaeomagnetic signals from 805-790 Ma
(Fig. 1). They observed significant shifts of over 50° in the palaecomagnetic directions, which
they attributed to a pair of true polar wander (TPW) events. However, the primary nature of at
least one of these palaeopoles was questioned by Michalski et al. (2012, 2023), who pointed
out that some of the sites sampled by Maloof et al. (2006) may have been affected by low-grade
Caledonian metamorphism.

During palaeomagnetic expeditions to Eastern Svalbard in 2022 and 2023, the NEO-
MAGRATE project team collected an additional 400 independently oriented Neoproterozoic
palaeomagnetic samples from 58 sites around Hinlopenstretet. These samples represent the To-
nian Kapp Hansteen volcanics, the Veteranen Group carbonates and siliciclastics, the Akade-
mikerbreen Group carbonates, as well as the Cryogenian carbonates and tillites of the
Polarisbreen Group. The presence of a pre-Caledonian palaesomagnetic signal would suggest
that this segment of the Caledonian belt was not subjected to east-directed over-thrusting. How-
ever, both Caledonian and Mesozoic remagnetization events have been identified in the region.
The former may be linked to mineralization processes at the Caledonian orogenic front, while
the latter could be associated with Cretaceous dolerite magmatism in eastern Svalbard.

Although the palaeomagnetic studies of eastern Svalbard alone will not verify the hypothe-
sis of the Svalbard Caledonian Terrane separation, they are of significant for the paleogeo-
graphic reconstruction of the Rodinia supercontinent and the verification of the proposed
Neoproterozoic True Polar Wander events.

3. QUANTIFICATION OF SVALBARD POST-CALEDONIAN
PALEOGEOGRAPHIC POSITION

Most published palaecomagnetic results confirm that Svalbard has been part of Baltica at least
since the Late Palaeozoic (Fig. 1). Palaeomagnetic data indicate the stabilisation of the Barents
Sea platform and no significant displacement between Svalbard and continental Europe (within
the resolution of the palaeomagnetic method) at least since the Devonian (Halvorsen 1989;
Jelenska and Lewandowski 1986; Nawrocki 1999; Watts 1985) or possibly even from the Silu-
rian (Michalski et al. 2012). However, when analysing post-Caledonian Svalbard reconstruc-
tions based on palaesomagnetic results, it is important to be aware of the following limitations.

Due to post-orogenic uplift and erosion, no Silurian sedimentary cover is preserved on Sval-
bard. Consequently, the Silurian palaeomagnetic record is represented solely by secondary rem-
anent magnetisation directions in pre-Silurian rocks. These likely formed during the
exhumation of metamorphosed complexes, when ferromagnetic minerals cooled below their



CURRENT PALEOMAGNETIC DATABASE OF SVALBARD 69

Fig. 1. Palacopoles from Svalbard with their confidence limit ellipses (095) plotted against Phanerozoic
Apparent Polar Wander Paths (APWPs) of Laurussia (palaeopoles 0-430 Ma, filled squares), Baltica
(palaeopoles 440-530 Ma, filled squares), and Laurentia (palaeopoles 440-530 Ma, open squares). The
reference APWPs were derived from the GMAP 2012 database (Torsvik et al. 2012), with ages of spe-
cific points on the reference curve indicated. Symbols of palacopoles identified in Palacozoic and Mes-
ozoic Svalbard formations: JK — Halvorsen (1989); P —Nawrocki (1999); C — Watts (1985); D — Jelenska
and Lewandowski (1986); S — Michalski et al. (2012) (note the coincidence of post-Caledonian Svalbard
palaeopoles with their corresponding age segments on the reference curve). Palaeopoles identified by
Maloof et al. (2006) in the Neoproterozoic succession of the Eastern Svalbard Terrane: K, Kc, SSc, SN¢
(note the coincidence of palaeopoles K and Kc with the Caledonian sector of the reference curve).

blocking temperatures. As mentioned earlier, precisely dating these secondary components us-
ing radiometric methods remains highly challenging (Michalski et al. 2012).

Palaesomagnetic studies of the red clastic deposits from the Devonian and Carboniferous of
Spitsbergen have identified stable, potentially primary palaeomagnetic directions carried by
hematite (Jelenska and Lewandowski 1986; Watts 1985). So far, however, these studies do not
include an inclination error correction, a well-known effect that leads to an underestimation of
inclination due to the sedimentary deposition of ferromagnetic grains.
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The paleomagnetic record in younger Permian and Triassic formations is based on less sta-
ble, medium- and low-coercivity grains of magnetite, titanomagnetite, and maghemite (Dudzisz
et al. 2019; Nawrocki 1999). These minerals are prone to remagnetization, including that asso-
ciated with the widespread Cretaceous magnetism on Svalbard. Finally, in the case of studies
on Cretaceous dolerites (Halvorsen 1989), key challenges remain: the precise dating of individ-
ual magma intrusions, the elimination of secular variations, and the complex magnetization
structure of igneous complexes formed through multiple stages of magma injection.

4. CONCLUSIONS

Palaeomagnetic studies of Svalbard play a crucial role in reconstructing the palaeogeography
of the Arctic. Research on the Proterozoic successions of the Eastern Svalbard Terrane offers
valuable insights into global full-plate models, particularly regarding the palaeogeography of
the supercontinent Rodinia. In contrast, palacomagnetic investigations of Svalbard’s post-Cal-
edonian rock sequences offer crucial information on the stability of the Barents Sea platform
during the late Palaeozoic and Mesozoic.

One of the main challenges in palaecomagnetic studies of Svalbard is distinguishing between
primary and secondary palaeomagnetic signals. A critical part of the palaeomagnetic workflow
involves applying appropriate tectonic corrections for rotations linked to Caledonian, Sval-
bardian (?) and Eurekan contraction, as well as those associated with extensional processes
related to opening of the North Atlantic and Eurasian Basin. In studies of sedimentary se-
quences, it is also essential to account for inclination shallowing corrections.
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