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ОБЪЕМНАЯ МОДЕЛЬ ГЛУБИННОГО СТРОЕНИЯ
КАРЕЛО�БЕЛОМОРСКОЙ ОБЛАСТИ ФЕННОСКАНДИНАВСКОГО

ЩИТА: ПРОФИЛИ 1�ЕВ, 4В, FIRE�1
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Suleimanov Ar. K., Zamozhniaya Nad.G., Stupak Vl. M. (SE «Spetsgeophysica»,

Moscow, Russia)

A 3D�MODEL OF THE DEEP CRUSTAL STRUCTURE OF THE KARELIAN�
BELOMORIAN REGION OF THE FENNOSCANDIAN SHIELD:

1�EU, 4B AND FIRE�1 PROFILES

Представлена геологическая интерпретация разрезов коры по профилям 1&ЕВ
(250–1250 км), 4В и FIRE&1, пересекающим Беломорский пояс и Карельский кратон
на территории России и Финляндии. Объемная модель объединяет данные
геологического картирования и глубинных исследований и характеризует главные
тектонические подразделения в трехмерном представлении. Модель глубинного
строения – основа для реконструкции последовательности геодинамических
обстановок формирования коры региона.

The paper is devoted to main geological results of the deep crustal study
regarding to the Early Precambrian structures of the Archaean Karelia craton and
Belomorian tectonic province (southeastern Fennoscandian Shield) and their
mutual structural and evolutionary relationships as well as the relationships with
the adjacent tectonic units: Archaean Kola craton, the Palaeoproterozoic
Svecofennian accretionary orogen and intracratonic Palaeoproterozoic volcano�
sedimentary belts (Fig. 1, 2).

High�resolution seismic images of the crust and upper part of the lithospheric
mantle has been obtained by the CDP technology along 1�EV (from 300 to 1250 km
), 4B (c.270 km long) profiles within Russian area and along FIRE�1 profile in
Finland. These images disclosed a significantly more complex and, to a
considerable degree, different structure of the Earth’s crust than previously
assumed. It occurred that gently dipping and relatively steep boundaries as well
as other features of diverse form can be observed everywhere within the crust. It
is important in essence that many seismic boundaries on CDP sections reach the
Earth’s surface, in contrast to those on DSS sections. It was established that the
crust�mantle discontinuity is in most cases of complex character. The detailed
pattern of seismic reflections and their structural interpretations in the lower crust
is evidence of the tectonic origin of the crust�mantle boundary, which is apparently
a thick zone of tectonic flow and displacement of large crustal sheets, accompanied
by the dipping of individual lower crustal segments into the mantle. The structure
of the lower crust and the crust�mantle discontinuity indicates that this fundamental
boundary bears not only a compositional but also a tectonic character.

Careful coordination of mapped surface geological structures and geological
interpretation of the seismic images enabled a detailed interpretation of the 3D
model (stereometric section representation) of the Earth’s crust and upper part of
lithospheric mantle in the studied region (Fig. 3). Additional information was
delivered by the recently published seismic data along the FIRE�1 profile in
Finland (Korja A., 2001–2006, Kukkonen I.T. and Lahtinen, R., 2006). These
data were partially reinterpreted and used in the western part of the 3D model.

The Karelian granite�greenstone terrain appeared as wedge�shaped crustal
slice with maximal thickness of approximately 30 km that is thinning eastward
beneath the Khetolamba terrain. The latter one that is the main constituent of the
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Belomorian crust overthrusted westward above the Karelian terrain. Southeastern
margin of the Karelian terrain is overthrust by the ancient Vodla terrain. The
Ketolamba terrain, in its turn, plunge under beneath the Inari�Kola granite�
greenstone terrain. Although not spectacular in the seismic image, it is considerable
that this boundary can be the regarded as the main Neoarchaean collision zone.
Its importance follows from the multiple eclogite inclusions that evidence the
long�term subduction of the oceanic lithosphere (at least from 2.86 to 2.70 Ga).
Exhumation of the eclogite�bearing lower crustal section was possibly the result
of the collision at approximately 2.7 Ga or might occurred significantly later,
cased by late Paleoproterozoic collision event.

The tectonic assemblage of the Palaeoproterozoic East Karelian imbricated
thrust belt is separated from the underlying sheet by the major detachment. This
surface is mainly localized at a depth of 10 – 15 km, plunging down to 27 km at
the intersection of geotraverse 1�EV and cross�traverse 4B. The morphology of
the deformed tectonic sheets in the crust of the eastern Karelian terrain is a result
of the imbricating and thrusting of these sheets in the western and southwestern
directions. Repeated reverse and thrust faulting and the formation of structural
duplexes accompanied the tectonic transport.

Developing of the Svecofennian accretionary orogen along southwestern margin
of the Karelia craton in the late Palaeoproterozoic resulted in creation of the

Рис. 2. Схема тектонического районирования юго�восточ�
ной части Фенноскандинавского щита

Fig. 2. Main tectonic units in the southeastern Fennoscandi�
an Shield
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 complex collision type structures. Northeastward subduction and underthrusting
of the thick crustal slices formed by the oceanic, island�arc and back�arc
assemblages was accompanied by overthrusting of the upper�crustal tectonic sheets
of the same vergence. Resulted crustal structure has typical features of the
convergent collision orogens with characteristic tectonic wedge development
(«crocodile» type structure).

The regular change of the thickness is the principal feature of the mainly
high�reflective but locally semi�transparent lower crust. The maximum thickness
of the stacked low�crustal slices is characteristic for the marginal areas of the
Karelia craton at its boundary with the Palaeoproterozoic Svecofennian
accretionary orogen, up to 25–30 km (FIRE�1 and 1�EV profiles). The low�
crustal slice is thinning with moving off these boundaries. Beneath the Belomorian
province and Inari�Kola terrain its thickness is around 8–10 km. It is seen clearly
from the 4B and FIRE�1 sections that overlying slice formed by the granite�
greenstone assemblages was displaced and inclined after an origin of the acoustically
transparent areas suggested to be granitoid plutons related to Neoarchaean
collision. These specifics lead to conclusion that the present�day lower crust was
generally formed as a result of the accretion of the mafic oceanic crust during the
Palaeoproterozoic. Alternatively, it could be created in the Archaean, but deformed
and stacked during Palaeoproterozoic. The most reliable suggestion on the
Svecofennian provenance of the stacked low�crustal slices can be done for 275–
175 km interval of the FIRE�1 profile (the eastern flank of this profile is shown
in the Fig. 3). According to our analysis of the seismic related images (see App.
2 and 3 in (Kukkonen I.T., Lahtinen R, 2006)), the Svecofennian mid� and low�
crustal slices of the island�arc and/or oceanic affinity can be directly traced from
the Kiuruvesi (275th km) to Kuhmo (50th km) area where they «dissolve» into
the mantle. The summarized thickness of the stacked mid�lower crust in this
section reaches 30–35 km.

Thus, the maximum thickness of the stacked low�crustal slices is characteristic
for the marginal areas of the Karelia craton at its boundary with the
Palaeoproterozoic Svecofennian accretionary orogen, up to 25 – 30 km. The
low�crustal slice is thinning with moving off these boundaries. Beneath the
Belomorian province and Inari�Kola terrain its thickness is around 8 – 10 km.
These specifics evidence that the present�day lower crust was generally formed as
a result of the accretion of the mafic oceanic crust during the Palaeoproterozoic.

The crustal architecture as a whole is a combination of thrust�nappe and
thrust�underthrust structural assemblages formed both by the Neoarchean and
Paleoproterozoic rocks that were additionally deformed, to some extent, during
uplift and emplacement (bulging) of granite gneiss domes. Formation of the dipping
structural assemblages took place during both Paleoproterozoic (2.5–1.6 By before
present) and Neoarchean times (2.8–2.5 By before present).

The new model of the structure of the Early Precambrian crust substantially
changes previous concepts about the crust of the eastern part of the Fennoscandian
Shield as a combination of blocks with subvertical margins and individual internal
layering. It is apparent that the locations of gently dipping boundaries on the
surface are defined by the level of erosion and, as a consequence, these boundaries
cannot be taken as boundaries of some “tectonic blocks” in the traditional sense.

Seismic study along the 1�EV  and the 4b profiles were worked out in
accordance with the Program of deep crustal studies of the Russian Ministry of
Natural Recourses. Authors thank the RFFI (project No. 05�05�65012) for support
of the research.
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