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Abstract: Structural relief is exceptionally recognisable in areas where igneous and metamorphic rocks without a Quaternary cover occur, which is the
case with the Kola Peninsula. However, the subject of structural relief has been addressed relatively rarely. Therefore, an attempt was made to estimate
the influence of tectonic and lithologic factors on the relief within two test areas, each covering approximately 100 km?, located on the coast of the Bar-
ents Sea (Murmansk Terrane) and the White Sea (Lapland Granulite Belt). The structural relief here is varied, which results from differences in the geo-
logical structure. In the former area, depressions and tectonic blocks of varying size and order predominate, while east of Kandalaksha these are flattened
hills with asymmetrically inclined slopes (having the character of cuestas). Although lithologically diverse, the test areas share a common feature: the
presence of numerous faults and dislocation zones that in the case of the Barents Sea caused the division of igneous rocks into several blocks of various
orders. Most of the relief forms in this area were found to have structural origins, namely valley depressions of various orders, slopes and escarpments,
lake basins and seaside cliffs. The structural relief of the Murmansk Terrane is determined by disjunctive structures. In the case of the Lapland Granulite

Belt, the relief of the analysed macroblock is closely linked with the formation and position of the rocks — this is escarpment relief.
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Introduction

The Kola Peninsula constitutes the northern part of
the Baltic Shield, composed of crystalline rock, highly
metamorphosed in some places (Bogatsky et al. 1996).
Contemporary studies indicate that the peninsula consists
of eight terranes: Murmansk, Kola-Norwegian, Keivy,
Sosnovka, Belomorian, Strelna, Tersk and Belomorian
Terrane (Fig. 1). They have a different geological struc-
ture that influences the diverse structural relief of the par-
ticular areas. Despite the very interesting structural relief
of the Kola Peninsula and its determinants, researchers
are not interested in this problem (Grave 1966). Geomor-
phological studies are primarily concerned with glacial
and fluvioglacial forms (e.g. Héttestrand, Clark 2006) and
the development of denudational relief (e.g. Armand et
al. 1969, Grave et al. 1991, Mitiaiev, Gierasimova 1994,
Pekala 1994, Superson 1994, Goliszek, P¢kala 1996, Har-
asimiuk ef al. 1996).

The objective of this study was to compare the style
of structural relief of two areas with a different geological
structure, and to identify the determinants of the develop-
ment of this relief. The geomorphological and geological
comparative studies were conducted in the selected areas

of the Murmansk Terrane and Belomorian Terrane. With-
in the Murmansk Terrane, the Dalnye Zelentsy area, cov-
ering approx. 100 km?, was investigated in detail, while
within the Belomorian Terrane, the Kandalaksha region
was selected: the area belongs to the south-eastern edge
of the Lapland Granulite Belt (Kozlov, Ivanov 1991).
Field studies there were conducted within a macroblock
covering 105 km?, located east of Kandalaksha. For both
test areas geomorphological mapping and basic geologi-
cal studies and measurements (directions of tectonic frac-
tures) were made.

Geological structure of the Murmansk
Terrane and the Lapland Granulite Belt
(Belomorian Terrane)

On the south-west, the Murmansk Terrane is bor-
dered by a thrust on two terranes, Keivy and Kola-Nor-
wegian, while the Murmansk fault running along the
shore of the Barents Sea forms the north-eastern border
(Fig. 1). These borders, having the status of the main tec-
tonic zones of the Kola Peninsula, have Precambrian or-
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Fig. 1. Location of study areas against the geological structure of the Kola Peninsula (geology acc. to Balagantsky et al. 2012)

1 — Paleozoic alkaline Khibina and Lovozero alkaline; 2 — Neoproterozoic sedimentary rocks complex; 3 — Paleoproterozoic granite, granodiorite and
diorite; 4 — Paleoproterozoic volcanic and sedimentary rocks; 5- acid granulite; 6 — basic intermediate granulite; 7 — plagiogranite, granite-gneiss and
migmatite; 8 — gneiss and schist; 9 — amphibolite and gneiss; 10 — granodiorite and diorite; 11 — subvertical faults; 12 — thrusts

igins (Bogatsky et al. 1996, Balangansky ef al. 2012). In
terms of relief, the Murmansk Terrane is a hilly upland
mainly composed of Archaean (3.2-2.5 Ga) granites,
granodiorites and diorites. Within these rocks, there are
palaeozoic intrusions of alkaline rocks, mainly basalts
(Mitrofanov 2001). Two dikes also occur in the Dalnye
Zelentsy region: between Zelentsy Bay and Shelpino
Bay, and south-west of Porchnikha Bay (Mitrofanov
2001, Terekhov et al. 2010).

The Murmansk Terrane is highly fragmented into
mega-, macro-, meso- and microblocks by a dense net-
work of faults of different orders. These faults are perpen-
dicular, oblique and parallel to the main Murmansk fault
(Fig. 2).

In the Dalnye Zelentsy region, the main fracture oc-
curs there (1) and three narrow zones of the second or-
der, radiating from Jarnishna Bay (Mitiaev, Gierasimova
1994, Zgtobicki 1994). One of them (2) runs parallel to
the break, the other two (3 and 4) cross the terrane at an
oblique angle. These zones are bordered by four mac-
roblocks; the study area encompasses the entire block
A and the north-western parts of the remaining blocks (B,
C and D) (Fig. 3).

The macroblocks are dissected by a dense network
of faults and joints. In the Dalnye Zelentsy region, a pri-
marily orthogonal joint system occurs (fracturing parallel
and perpendicular to the main axis of the craton) while
a rhomboidal system (parallel and diagonal fracturing)
occurs to a lesser extent. In some areas, a combination of
the two systems occurs (Fig. 4). Particularly noteworthy,
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Fig. 2. Tectonic structures and lineaments of the Kola Peninsula
(acc. to Terekhov et al. 2010)

1 — structural be conditioned by rifting of the East Barents trough;

2 — structural connect with drifting; 3 — photolineaments, 4 — over-

trusts; 5 — basaltic dike areas: SA — Sredny peninsula; 5B — Teriberka,

5C — Dalnye Zelentsy, 5D — Drozdovka, 5E — Ivan Guba, 5F — Jokonga;

6 — expliosion pipes at Terskij Breg



Barents Sea

Fig. 3. Tectonic zones and blocks of the Dalnye Zelentsy region

(photo based on Google Maps)
Red lines — boundary blocks; A, B, C, D, E — tectonic blocks

is the clear correlation between the direction of the joints
and directions of the depressions of various orders.

The Kandalaksha region within the Lapland Granu-
lite Belt lies in the vicinity of late Proterozoic/Palacozoic
rift structures (Bogdanova et al. 1996). The local meta-
morphism of sedimentary rock and the formation of dike
rocks are probably linked to rifting processes. Some dike
rocks are younger as they are approx. 350 million years
old. The Kandalaksha part of the Lapland Granulite Belt
is mainly built of amphibolite rocks originating from sed-
imentary and volcanic formations (Kozlov et al. 1990).
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Fig. 4. Directions of joint in the Dalnye Zelentsy region
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Fig. 5. System of fracturing of rocks in the Kandalaksha region

Granulites also occur among these rocks, particularly
within tectonic zones (Kozlova, Richzienova 1998, Tuis-
ku, Huhma 1998, Bogdanova et al. 1993, 1996). Various
dike rocks, cross-cutting the amphibolites and granulites,
occur in the south-eastern part of the Lapland Granulite
Belt, in the Kandalaksha region. Granitoid and feldspar
dikes are N-S, NNW-SSE and WSW-ENE oriented.
Quartz dikes also demonstrate an N-S as well as W-E and
SSE-NNW orientation. An analysis of the dikes and joints
(Fig. 5) indicated that dikes with a different composition
often had the same orientation.

The rocks of the Lapland Granulite Belt are densely
dissected by faults and flaked folds. The fault system has
a flower-like structure. Horsts with a northern vergence
are visible throughout the study area. Furthermore, hinge
faults are visible particularly on the northern slopes of the
Siennaya Kurtiazhnaya and Srednyj Myss mountains. It
is an extensive system associated with the transpressional
tectonics of the Kola Peninsula (Gaal et al. 1989, Korja
1996, Mitrofanov 1999, Mitrofanov et al. 2000).

Structural relief of the Murmansk
and Belamoryan terranes

The structural relief of the Murmansk Terrane was
characterised based on the Dalnye Zelentsy region, while
the structural elements of the Belamoryan Terrane were
described based on a macroblock in the Kandalaksha re-
gion.

The structural relief of the Dalnye Zelentsy region
consists of the following elements (Fig. 6):
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Fig. 6. Photolineaments in the relief of the Dalnye Zelentsy re-

gion (photo based on Google Maps)
1 — photolineaments I-rank; 2 — photolineaments II-rank; 3 — photoline-
aments [II-rank;4 — sites of the joints measurement

— valley depressions that developed on grabens and
semi-grabens of various orders,

— tectonic macro-, meso- and microblocks,

— slopes of tectonic origin,

— basins formed on tectonic nodes,

— small valley depressions that developed on faults and
fractures,

— small contemporary tension fractures.

The valley depression that formed in the fault zone (2)
is WNW-ESE oriented and extends from Jarnishna Bay
to Porchnikha Bay. The north-eastern slope of the depres-
sion is steep, straight and clear, while the south-western
slope consists of several descending steps (Fig. 7). Fur-
thermore, it is densely dissected by numerous transverse
depressions of a lower order. The shape of the depres-
sion suggests that it developed on a semi-graben, and the
faults are antithetic. The depressions that developed on
tectonic zones (3 and 4) have a similar cross-section: the
north-eastern slope is fragmented to a small extent, with
one ledge at its foot; the south-western slope is highly
fragmented, with three ledges (Fig. 7).

In the Dalnye Zelentsy region, the Murmansk frac-
ture and three main tectonic zones separate four tectonic
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macroblocks (A, B, C and D). The rhomboidal block A,
measuring 12 x 5 km and WNW-ESE oriented, is located
to the south-west of the Murmansk fault. The block has
a dense network of valley depressions formed on perpen-
dicular faults, in some places parallel to the main tectonic
zones, and on joints. The depressions divide the block into
several meso- and microblocks. The mesoblocks are also
rhomboidal, and their longer axis is usually SSW-NNE
oriented. The microblocks occur in different shapes, de-
pending on the density and direction of the joints (Fig. 3).

Block B is larger than block A, in the shape of an elon-
gated triangle, its base being 25 km and its height 6 km.
The block extends parallel to the Murmansk break, from
Jarnishna Bay in the north-west to the Tryashchinskoye
Lake in the south-east. The block is dissected by a dense
network of faults of the third order, parallel, perpendicu-
lar and oblique to the boundary faults of the second or-
der. The faults divide blocks of different orders. Within
the tectonic blocks, valley depressions of various orders
and sizes formed on the faults and joints. The bottoms
of these depressions are covered by glacial gravel. Ba-
sin-like depressions, mostly filled with lakes, are an in-
teresting structural form within this block. They occur at
the intersection of the faults that form tectonic nodes. The
shape of most depressions and lakes corresponds to the
orientation of the faults.

Another tectonic macroblock (C) is in the shape of an
elongated triangle whose top is located in Jarnishna Bay,
while its base is the transverse tectonic zone in the vicini-
ty of the Tryashchinskoye Lake (Fig. 2). Most of the faults
and joints within the block are parallel and oblique to the
boundary tectonic zones of the second order. They divide
the block into meso- and microblocks of varying shape
and varying absolute height.

Macroblock D is a narrow belt extending from the
mouth of the Voronia River and Jarnishna Bay to the
transverse tectonic zone in the vicinity of the Tryashchin-
skoye Lake (Fig. 3). Similarly, to block B, it is divided
into meso- and microblocks by faults that are parallel,
perpendicular and oblique to the boundary tectonic zones.

The meso- and microblocks are delimited by depres-
sions of different orders and escarpments developed on
faults and joints. In macroblock A, most of these forms
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Fig. 7. Morphological section across the macroblocks of the Dalnye Zelentsy region
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are of elongated rectangular shape and their long axis is
WSW-NNE oriented (22-25°N). Some of the mesoblocks
descend stepwise towards the shoreline. The top surfaces
of the blocks, up to approx. 50 m a.s.l., are eroded by ma-
rine abrasion.

The greatest diversity is shown by meso- and mi-
croblocks within the studied portion of macroblock B.
These forms are in different shapes: rhomboid, triangle or
trapezium (Fig. 3), depending on the direction of the sep-
arating faults. The microblocks, whose escarpments corre-
spond to the directions of the joints, have a similar shape
(Fig. 4). In most cases, the long axis of the blocks is SW-
NE oriented (approx. 45°N), but in the vicinity of the tec-
tonic zone that separates macroblocks A and B, the blocks
are NW-SE oriented. Denuded monadnocks transformed
by the ice sheet occur on nearly every surface of the blocks.

Their stepwise descent towards tectonic zone 3 is
a distinguishing characteristic of mesoblocks in mac-
roblock C. The long axis of the convex forms is SW-NE
and SSW-NNE oriented. Only in the vicinity of the Vie-
likiy Kolos lake, the mesoblocks are parallel to the main
tectonic zones (3 and 4). Within macroblock D, on the
other hand, the meso- and microblocks are in rectangular
and rhomboidal shape. Most of the long axes are SE-NW
and SW-SW-NE oriented.

Macro-, meso- and microblocks are delimited by
slopes of tectonic origin, of varying length, relative
height and orientation. Some of them are straight, with
a steep inclination, which evidences their young age. Oth-
er blocks have been transformed by erosion processes to
a varying degree.

Closed depressions, currently filled with lakes, occur
at the intersection of tectonic zones and individual faults.
The shape of these depressions corresponds to the direc-
tion of the dislocation, e.g. the Vielikiy Kolos lake (Fig.
6). Small depressions separating the microblocks are the
most numerous. They are straight or broken, narrow, with
steep slopes. Their directions coincide with the directions

Fig. 8. Structural elements in the relief of the Kandalaksha region (photo based on Google Maps)
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meta-extrusive components EX8 meta-sediments [\] faults

Fig. 9. Synthetic geological-morphological section across the
hills in the Kandalaksha region

of the joints. Small tension fractures, several dozen centi-
metres wide, occur within macroblock A. The “freshness”
of these forms indicates their contemporary origin.

The north-western part of the Lapland Granulite Belt
has an entirely different structural relief than the Dalnye
Zelentsy region (Fig. 8). A latitudinally oriented mac-
roblock, composed of metamorphic rocks, occurs east of
Kandalaksha. Flattened hills, not very high (up to 700 m
a.s.l.) and elongated along the W-E and NW-SE direction,
predominate within the block. A few hills are N-S orient-
ed. Beneath the culminations, broad planation surfaces
are visible, along with numerous boulders and post-gla-
cial lakes. The hills have an asymmetrical cross-section:
one slope is steep, the other is gentle (Fig. 9). This is
linked with the erosion resistance of the rocks: the steep
slopes feature outcrops of hard metamorphic lava rocks
(amphibolites), while the gentler slopes feature less hard
metamorphic sedimentary rocks (amphibolite/quartz
shales). Hence, the steep slopes are cuestas. Numerous
hollows caused by corrasion occur on the slopes; their
location is linked with the orientation of tectonic frac-
tures — mainly in the following directions: 71/85, 344/30,
101/65, 61/72, 181/50 (Fig. 5). The hills are dissected by
numerous valleys, with visible effects of glacial activity
(U-shaped cross-section and numerous concentrations of
boulders). In the fault zones (WSW-ENE and NW-SE
oriented), concave forms occur, namely river valleys and
depressions. These forms run parallel to the orientation of
the hills mentioned above.
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Periods and determinants of the development
of the structural relief of the Kola Peninsula

The structural relief of the Murmansk Terrane main-
ly corresponds to the faults and joints. The formation
of disjunctive forms is linked with post-Devonian and
post-glacial tectonic movements (Apukhtin 1958). The
latter movements are ascribed a significant role in the
reactivation and development of secondary dislocations
having the character of normal faults (Bussien 1964). The
Pleistocene age of tectonic movements was also accepted
by Kozlow (1972). Grabens, breaks and tectonic fissures
and horsts of different orders thus formed as a result of
periodic, glacio-isostatic uplift of the Murmansk Terrane
after each Scandinavian glaciation. The last, post-glacial
tectonic movements, to the order of approx. 40 m, result-
ed in the formation of numerous open fissures in the study
area (Mitiaev, Gierasimova 1994). Normal faults of gla-
cio-isostatic origin were also found in another part of the
Baltic Shield (Lundqvist, Lagerbick 1976). The age of
the particular structural forms cannot be determined with
certainty. One can only differentiate between forms older
and younger than the last deglaciation of the ice sheet.
The old concave forms contain glacial sediment layers,
while the young forms are fresh, free of glacial sediments.

The structural relief of the Murmansk Terrane is de-
termined by disjunctive structures. Large and long de-
pressions are mainly tectonic semi-grabens of step-like
structure; the smaller ones formed as a result of erosion
of fractured rocks in the fault zones, whereas small and
straight depressions, separating microblocks of the same
absolute heights, probably formed on joints. This prop-
osition is confirmed by the fact that the directions of the
depressions coincide with the directions of joints (longi-
tudinal and transverse). The surface of the tectonic blocks
generally descends towards the Barents Sea, which may
indicate that the entire Murmansk Terrane is inclined to
the north-east.

Hills in the Kandalaksha region formed on hard, lay-
ers of meta-volcanic and meta-intrusive rocks inclined to
the north, while the depressions are linked with myloni-
tisation zones and occurrence of meta-sedimentary rocks
(Bridguoter et al. 1999). Disjunctive structures determine
the concave forms on meso-scale (valleys, passes), but
the slopes do not have a step-like character. These forms
probably developed over an extended period of time. The
last period of their formation was the Pleistocene when
the ice sheet was the main relief-forming factor. In places
where the rocks are highly fractured, frost weathering is
now active, causing the recession of slopes.

Conclusions

The structural relief of the two areas compared var-
ies, similarly to their geological structure. In the Dalnye
Zelentsy region, depressions and tectonic blocks of vary-
ing size and order predominate, while to the east of Kan-
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dalaksha — flattened hills with asymmetrically inclined
slopes (of cuesta character) with visible corrasion troughs
and U-shaped valleys separating the individual hills. In
the Dalnye Zelentsy region, the relief was developed on
igneous rocks (granitoids), while in the Kandalaksha re-
gion, on metamorphic rocks (amphibolites, granulites and
eclogites).

Within the Murmansk terrane, the hardness of the
rocks does not have a huge significance for the type of
relief since the rocks are rather uniform lithologically.
Disjunctive structures — i.e. the tectonic zones, faults and
joints — constitute the main structural factor determining
the development of relief. In the Kandalaksha region,
the opposite is the case. The relief of the analysed mac-
roblock is closely linked with the formation and position
of the rocks. It can be described as escarpment relief.

The final stage of the development of structural relief
is linked with Pleistocene glaciations. The advances and
recessions of the ice sheets were the reason for the glacial
isostatic adjustments that resulted in the rejuvenation of
tectonic zones and fracturing of rocks. Also in the Pleisto-
cene, the structural relief was transformed in some places
by marine processes (abrasion), glacial processes (exara-
tion) and frost processes (physical weathering).
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