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Abstract

A recent increase in fieldwork activity within the Southwestern Basement Province (SBP) of Svalbard followed by detailed
geochronological and petrological studies has allowed recognition of previously unknown magmatic and metamorphic events
in the studied region. These discoveries of, e.g. true c¢. 950 Ma granitic magmatism, c. 640 Ma Torellian metamorphism,
completely new localities of high-pressure rocks and a c. 360 Ma Ellesmerian, Barrovian-type metamorphic sequence
emphasize the importance of further research in this part of the Svalbard Archipelago. Paleogene tectonic overprint of the
SBP, manifested by the West Spitsbergen Fold and Thrust Belt, is an additional challenge for geologists working in this part
of Svalbard’s crystalline basement, and must be taken into account in all interpretations of pre-Cenozoic structures. Several
enigmatic issues concerning the evolution of the SBP remain unanswered. Hence, there is a need for continued research in
this key area for understanding the geological evolution of the northern Barents Shelf and High Arctic in general.
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Introduction

The crystalline Caledonian basement of Svalbard is divided
into three provinces, namely Northeastern, Northwestern
and Southwestern ([10, 15]; Fig. 1). The Northeastern and
Northwestern provinces are, according to a tectonic model,
separated by major N-S trending strike-slip fault zones
[20]. The boundary of the Southwestern and Northwest-
ern provinces is hidden under the front of the Paleogene
West Spitsbergen Fold and Thrust Belt, whereas the contact
of the Southwestern and Northeastern provinces does not
crop out and it is only hypothesized to be, per analogy, a
strike-slip tectonic zone (e.g. [15]). This paper focuses on
the Southwestern Basement Province (SBP; Fig. 1), a part
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of Svalbard’s crystalline basement which bears record of
multiple magmatic and metamorphic events, some of which
are unknown elsewhere within the archipelago. The recent
attempts to recognize these events have provided sufficient
amounts of new data to justify this short summary.

The SBP records a sequence of magmatic and metamor-
phic events spanning from the Mesoproterozoic to Devo-
nian. The oldest magmatism recorded within the SBP is of
Stenian—Ectasian age [3, 4, 28] and comprises a continen-
tal rifting-related suite of rocks [8] that only occur locally
in the southern part of the SBP. Similarly, occurrences of
Tonian igneous rocks are very limited as, to date, they are
only known from two localities in Wedel Jarlsberg Land and
Oscar II Land [12, 32]. Both Stenian—Ectasian and Tonian
igneous rocks (at least in the southern part of the SBP),
as well as associated amphibolite facies metasedimentary
successions, were affected by Late Neoproterozoic Torel-
lian metamorphism (e.g. [29, 32]). The Torellian Orogeny
is also manifested in the form of a regional-scale angular
unconformity [6, 7], which divides substantially folded,
but weakly metamorphosed, Early Neoproterozoic meta-
sediments from overlying Late Neoproterozoic and less
deformed metasediments. These Early Neoproterozoic low-
grade metasediments are intruded by a mafic dyke swarm,
whereas the low-grade Late Neoproterozoic metasediments
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Fig. 1 Geological map of
southwestern Svalbard [10,
modified]. The units and locali-
ties mentioned in the text are
marked on the map
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above the Torellian unconformity are intercalated with the
extrusive equivalents of the mafic dyke swarm [8]. All of
the aforementioned units have been subsequently folded and
metamorphosed under greenschist facies conditions during
the Caledonian Orogeny (e.g. [10]). However, the SBP also
bears record of subduction-related Caledonian metamor-
phism of blueschist to eclogite grade (e.g. [25, 33, 36]).
These high-pressure (HP) rocks in their type locality at Mot-
alafjella are unconformably overlain by a Late Ordovician
to upper Silurian sedimentary succession [2, 43]. Finally,
a clearly exotic Barrovian-type sedimentary sequence that
was metamorphosed during the Late Devonian Ellesmerian
Orogeny has been recently described from the westernmost
part of the SBP [26, 27]. The Ellesmerian orogenic event
(historically called the ‘Svalbardian event’, Vogt [46]) is
also well pronounced within the post-Caledonian Old Red
molasse sediments which were faulted and folded in the Late
Devonian. Also, the base of the post-Devonian sedimentary
basin is marked by an angular unconformity reflecting post-
Ellesmerian (post-Svalbardian) sedimentation.

The SBP clearly differs from the two other basement
provinces of Svalbard. It records Stenian—Ectasian and latest
Neoproterozoic mafic magmatism as well as Torellian and
Ellesmerian metamorphism which are all unrecognized in
the other basement provinces. In addition, it lacks evidence
for high-temperature Late Caledonian migmatization and it
does not comprise post-orogenic Caledonian granitic intru-
sions described from Northwestern and Northeastern prov-
inces. A brief description of all magmatic and metamorphic
events recorded within the SBP is given in more detail in the
following paragraphs of this paper.

Magmatic activity
Ectasian-Stenian magmatism

The oldest igneous rocks within the SBP have been rec-
ognized in southern Wedel Jarlsberg Land. The basement
block in which they occur is separated from the predomi-
nant low-grade metasediments of Wedel Jarlsberg Land by
the Vimsodden—Kosibapasset shear zone, a strike-slip to
oblique-slip, left-lateral crustal-scale structure (Fig. 1; see
also Mazur et al. [35] for more details). Igneous rocks of
Ectasian—Stenian age occur within the Eimfjellet Group,
a unit dominated by various metaigneous rocks including
granitoids, rhyolites, gabbros, basalts, mafic and felsic tuffs
accompanied by metasedimentary quartzites and schists.
The felsic and mafic rocks exhibit cross-cutting relation-
ships, as metabasalts intrude granites and gabbros. These
together are all cut by late aplitic dykes. All felsic varieties
and gabbros have been dated using U-Pb zircon evaporation

technique and yielded uniform c. 1.20 Ga age [3, 4]. This
age was confirmed by Larionov et al. [28], who dated sev-
eral gabbros, granites and aplites that yielded 1.22-1.20 Ga
U-Pb zircon ion microprobe ages.

Tonian magmatism

Tonian igneous rocks have only been recognized within the
SBP at two localities thus far. One occurrence is located in
the southern part of Oscar II Land and was described as an
orthogneiss assigned to the Neoproterozoic St. Jonsfjorden
Group, which otherwise consists of low-grade metasedi-
ments (Fig. 1). The rock has a felsic composition and yielded
a 927+3 Ma U-Pb TIMS zircon age [12]. Not much is
known about its actual stratigraphic position and its relation
to the surrounding metasediments, but it is thought to be tec-
tonic in origin [10, 12]. The second area where Tonian igne-
ous rocks occur is located in Wedel Jarlsberg Land, south
of Van Keulenfjorden and east of Recherchefjorden. A suite
of pervasively tectonized augen gneiss occurs around the
Antoniabreen on Martinfjella, Berzeliuseggene and Alde-
gondaberget ridges. These rocks were initially called the
Berzeliuseggene Igneous Suite [32], while Dallmann et al.
[10] preferred the informal name ‘Berzeliuseggene unit’.
Ion microprobe zircon U-Pb dating yielded a 950+ 5 Ma
protolith crystallization age of the augen gneisses [32]. The
Berzeliuseggene unit displays a tectonic contact with the
Neoproterozoic Deilegga and Sofiebogen groups and other
sediments of unknown, but probable Early Paleozoic age
[9, 32, 33]. This contact has been interpreted as a rotated,
large-scale sinistral shear zone, similar to the aforemen-
tioned Vimsodden—Kosibapasset zone [33].

Cryogenian-Ediacaran magmatism

Late Neoproterozoic magmatism is manifested by the occur-
rence of abundant mafic volcanics across the entire SBP. In
Wedel Jarlsberg Land, a dyke swarm intrudes Early Neo-
proterozoic metasediments of the Deilegga Group, whereas
volcanic equivalents of the dyke swarm (e.g. lavas and tuffs)
are recognized within the overlying Late Neoproterozoic
Sofiebogen Group (and correlative units; Fig. 1). These
mafic rocks are commonly referred to as the Jens Erikfjel-
let Formation [8]. Their geochemical signature indicates a
within-plate tholeiitic source [8, 17]. In the northern part
of Wedel Jarlsberg Land (Chamberlindalen area), a suite of
well-preserved alkali cumulates is present [18]. These rocks
are considered to have formed during the same event as the
prevalent within-plate tholeiites in this area. The volcanics
that occur in Wedel Jarlsberg Land have never been properly
dated, although the age of the magmatic event is assumed
to be c. 600 Ma based solely on the field relations, i.e. inter-
calations of lavas with the Ediacaran sediments. Farther
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north in Nordenskiold Land, Oscar II Land and on Prins
Karls Forland, mafic rocks occur in a similar tectonostrati-
graphic position (i.e. within Neoproterozoic sediments), but
not much is known about their origin. The only set of geo-
chemical data for greenstones from Oscar II Land has been
published by Ohta [38], but the results were rather inconclu-
sive. Whether or not all these mafic rocks belong to the same
magmatic event is unknown, but nonetheless they represent
the most voluminous magmatism within the SBP.

Metamorphic events
Grenvillian Orogeny

Traditionally, some parts of the SBP were thought to have
undergone Grenvillian metamorphism (see e.g. [8]). This
was based on early geochronological works providing rather
questionable Early Neoproterozoic ages, which were inter-
preted to be metamorphic. Gavrilenko et al. [13] reported a
whole rock Rb—Sr age of c. 930 Ma for the Isbjgrnhamna
Group, based on a three-point isochron, whereas Balashov
et al. [3] dated zircon separated from the rhyolitic rocks of
the Eimfjellet Group, using the traditional U-Pb whole grain
technique, and obtained a lower intercept of concordia at
931 + 54 Ma. These age estimates were discredited by Majka
et al. [29] and subsequent studies which highlighted meth-
odological problems of the previous studies and presented
new geochronological and geological evidence ruling out a
possibility of Grenvillian metamorphism record in the Isb-
j¢rnhamna Group.

Torellian Orogeny

The first historical radiometric dating within the SBP was
done by Gayer et al. [14], who dated the Isbjgrnhamna
Group using K—Ar dating of dark mica and obtained ages
of 556 + 24 Ma and 584 + 25 Ma. This age was for a long
time disregarded and thought to be possibly meaningless due
to, e.g. excess 40Ar. About 30 years later, Manecki et al. [34]
used the “°Ar/*°Ar step heating technique to date separates of
hornblende, muscovite and biotite from the Isbjgrnhamna,
Eimfjellet, Deilegga and Sofiebogen groups (Fig. 1). While
most of the ages obtained were Caledonian (see below),
some appeared to be Late Neoproterozoic. These Neoprote-
rozoic ages were obtained from a hornblende separate from
the Eimfjellet Group (616+ 17 Ma, Fig. 2) and two mus-
covite separates from the Isbjgrnhamna Group (575 +15
and 584 + 14 Ma, Fig. 2). These authors suggested that the
obtained ages reflected the latest Neoproterozoic re-heating
and speculated that it might have been related to the opening
of the early lapetus Ocean. Majka et al. [29] dated metamor-
phic monazite in the Isbjgrnhamna Group and obtained an age
of 643 +9 Ma (Fig. 2). These authors linked the growth of the
dated monazite with a regional amphibolite facies metamor-
phic event. They also re-interpreted the previous K—Ar and
“OAr/*Ar dates as cooling ages after the amphibolite facies
event. In addition, they also suggested that these dated meta-
morphic rocks on Svalbard might form a northwestern exten-
sion of the Timanide Orogen. This discovery was followed by
further dating of different lithologies within the SBP. Majka
et al. [31] dated zircon, monazite and uraninite in the Skod-
defjellet pegmatite occurring within the Isbjgrnhamna Group
and obtained again Late Neoproterozoic ages: 651 +88 Ma
for zircon, 675 +25 Ma for monazite and 685 +5.5 Ma for
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Fig.2 Summary of the metamorphic ages for the Southwestern Basement Province. The radiometric methods as well as cited references are
indicated on the diagram. PKF Prins Karls Forland, N WJL northern Wedel Jarlsberg Land, S WJL southern Wedel Jarlsberg Land
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uraninite, respectively (Fig. 2). They claimed that the Skod-
defjellet pegmatite was the result of partial melting of the
Isbjgrnhamna Group metasediments. This study was fol-
lowed by the aforementioned U-Pb zircon dating of the Ber-
zeliuseggene unit [32]. Zircon separated from augen gneisses
displayed metamorphic zircon rim overgrowths on Tonian-
aged cores. These metamorphic rims yielded a 635 +10 Ma
age (Fig. 2). Zircon from a pegmatite occurring within the
Berzeliuseggene unit yielded an age of 665 + 11 Ma, corrobo-
rating the metamorphic rim ages. Regarding conditions of
metamorphism, the Eimfjellet Group was subjected to upper
greenschist to lower amphibolite facies conditions; however,
these estimates are currently only based on petrographical
observations of mineral assemblages (e.g. [8]). In contrast, the
Isbjgrnhamna Group and the Berzeliuseggene unit have been
studied in detail with regard to pressure—temperature (P-7)
conditions using classical geothermobarometry and thermo-
dynamic phase equilibria modeling. The maximum P-T con-
ditions for the Isbjgrnhamna Group were estimated at 11 kbar
and 680 °C [30], whereas conditions for the Berzeliuseggene
unit were constrained at 6 kbar and 600 °C [33].

Caledonian Orogeny

The crystalline bedrock of the SBP was assembled during the
Caledonian Orogeny. However, provided the extensiveness
of Caledonian Orogeny throughout the SBP, there remains
a significant lack of information regarding the exact tim-
ing and P-T conditions of Caledonian tectonometamorphic
events. The vast majority of the rock units within the SBP
were subjected to (lower) greenschist facies metamorphism.
However, locally some regions preserve record of HP meta-
morphism. In the southern part of Oscar II Land, the HP
Vestgotabreen Complex crops out on Motalafjella, Skipper-
ryggen and an unnamed nunatak north of the latter. The HP
rocks are represented by carbonates, blueschists, eclogites
and glaucophane-bearing metasediments accompanied by
serpentinites. Available geochronological data suggest a c.
470 Ma age of metamorphism based on K—Ar muscovite
dating [22], “°Ar/*Ar muscovite and paragonite dating
([11], Fig. 2), lower intercept of the U-Pb zircon discordia
[5] as well as Rb—Sr analyses [11]. The retrograde blues-
chists can be traced south of Oscar II Land in Nordenskiold
Land near Marvagen and Orustosen as shown by Kosmiriska
et al. [25]. Also, the polymetamorphic rocks of the Berze-
liuseggene unit are overprinted by the HP metamorphic event
of inferred Caledonian age ([9, 33] and references therein).
The only reliable ages derived for the greenschist facies rocks
come from the southern part of Wedel Jarlsberg Land and
have been published by Manecki et al. [34]. These authors
reported on the “°Ar/*°Ar plateau ages of 432+ 7 Ma for a
muscovite—carbonate—quartz schist of the Sofiebogen Group
and of 459 +9 Ma for a muscovite schist of the Eimfjellet

Group. The former age can be interpreted as a Late Caledo-
nian greenschists facies overprint, whereas the latter has been
interpreted by Mazur et al. [35] to reflect the activity of the
Vimsodden—Kosibapasset Shear Zone, because the musco-
vite schist sensu [34] is in fact a mylonite parallel with the
main shear zone. Not much is known about the exact P-T
conditions of the greenschist facies metamorphism, whereas
the HP rocks have been the subject of more detailed studies.
Pioneering work by Hirajima et al. [21] on eclogites from
the Vestgotabreen Complex suggested that these rocks were
clearly metamorphosed in a subduction regime at 18—24 kbar
by 580-640 °C. Agard et al. [1] reported on a discovery of
carpholite-bearing schists from that region and demonstrated
that they were metamorphosed under conditions of 15-16
kbar and 380—400 °C. These authors also showed that parts
of the Vestgotabreen Complex were subducted at a low c.
7 °C/km geothermal gradient. Retrograde blueschists from
Nordenskiold Land yielded P-T conditions of 14—18 kbar
by 470-490 °C and confirmed a low 7-8 °C/km subduction
gradient [25]. Majka et al. [33] have reported on 9—12 kbar
and c. 500-550 °C P-T conditions for the Caledonian meta-
morphic overprint of the Berzeliuseggene unit.

Ellesmerian (Svalbardian) Orogeny

Amphibolite facies metamorphism of Ellesmerian age was
recently documented for rocks of the Pinkie unit, which crop
out on Prins Karls Forland (Grimaldibukta area). This unit
represents the highest grade of rocks on Prins Karls Forland
that are separated from surrounding units by tectonic contacts.
The Pinkie unit comprises quartzites with carbonate-rich
laminae in the lower part of the tectonostratigraphic profile
and garnet-bearing metapelites with staurolite and kyanite
in the highest part. The age of the protolith is poorly con-
strained. Preliminary detrital zircon dating from the Pinkie
unit quartzite shows U-Pb ages as young as 950 Ma [26].
Monazite from garnet-bearing metapelites yielded the ages of
359 +6 to 355+ 14 Ma ([27]; Fig. 2). Ko$mirska et al. [27]
proposed an anticlockwise P-T path for those rocks and sug-
gested that the garnet-bearing metapelites were formed under
the conditions of c. 7-10 kbar and 550-650 °C, followed by
late mylonitization at approximately 10 kbar and 500 °C.

Final remarks

The SBP reveals a composite structure and comprises
several tectonic units juxtaposed by major strike-slip and
thrust zones of varying age, from Early Paleozoic (per-
haps also Neoproterozoic) to Paleogene. It differs substan-
tially from the Northeastern and Northwestern provinces
that contain voluminous Tonian igneous rocks intruding
Mesoproterozoic sediments [16, 23, 39] that are locally
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unconformably overlain by calc-alkaline volcanics (where
the record is still preserved) and a continuous sequence
of Neoproterozoic to Paleozoic sediments (e.g. [44]). As
previously mentioned, Late Caledonian migmatization
is a common phenomenon in both the Northeastern and
Northwestern basement provinces (e.g. [37, 40, 41, 45]),
whereas Caledonian migmatites lack the SBP. Similarly,
the occurrence of Late Caledonian post-orogenic granites
is limited to the Northeastern and Northwestern provinces
(e.g. [24, 41]). Additionally, the Northeastern Province
comprises ¢. 1735 Myr old granites (e.g. [47]), whereas
the Northwestern Province bears a record of HP metamor-
phism of Caledonian age [19]. The latter indicates that at
least this part of the Northwestern Province may share
some similarities with the SBP, but the majority of it is
completely different. The relative similarities between the
two northern provinces, as briefly characterized above,
compared to the SBP, which preserves a clearly different
composition and tectonothermal history, suggests that the
SBP is (at least partially) exotic in origin.

Recent discoveries of previously completely unknown
Tonian, Cryogenian and Devonian magmatic and meta-
morphic rocks in the SBP emphasize that little is currently
known about the evolution of this key basement area of
Svalbard. A multitude of important questions still remain
to be answered. How widespread is the Tonian magma-
tism? Did the Torellian event affect the majority of the
Caledonian bedrock of the SBP? Was this event indeed
related to the Timanian Orogeny of northeastern Baltica?
What is the relationship between the Torellian event and
the recently discovered age-equivalent arc-related rocks
in northern Greenland [42]? How widespread is the HP
Vestgotabreen Complex, and can an Early Caledonian
suture zone be traced along the occurrences? Was there
any Caledonian tectonometamorphic activity that occurred
in post-Ordovician time (there is no geochronological evi-
dence for such events)? Can we expect more Ellesmerian
metamorphic rocks within the SBP? Is the SBP a true
counterpart of the Pearya Terrane of northern Ellesmere
Island? These are the most prominent questions to be
answered for the Southwestern Basement Province, yet
they do not represent the full spectrum of issues that still
require attention. To reconcile these problems, it is clear
that many more field campaigns and comprehensive pres-
sure—temperature—time—deformation studies must be car-
ried out. Optimistically, the lack of research and resulting
lack of geological knowledge regarding the Southwestern
Basement Province presents a plethora of research oppor-
tunities that are awaiting the future work of geoscientists.
A prime example of such opportunity is the thick crys-
talline succession just south of the easily accessible Ny
Alesund research settlement that has never been studied by
means of petrology and geochronology. Lastly, the authors
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of this contribution want to stress that they hope this short
review will be rendered obsolete by future research as soon
as possible.
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