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ABSTRACT 

 

 In the southern part of the town, near Kola 

Gulf, there is Gorela Mountain, which is a 

viewpoint over the town and its surroundings. A 

planned geotourist route is located within this 

mountain, along with information boards. The 

author examined selected rocks taken from the 

area of the route and the megalith located in the 

northwestern part of the hill. Rock samples were 

also taken from a nearby quarry (in the eastern 

part of the massif). The results of petrographic 

and mineralogical analyses of these rocks 

indicate that they are mainly archaic granulitic 

gneisses forming the base of the Kola series 

craton and erratic rocks representing granite 

gneisses and amphibolites and granulites.  

KEYWORDS: Gorela Mountains, Murmansk, 

geotouristic trail, mineralogy, petrography. 

STRESZCZENIE: W rejonie południowym 

miasta w sąsiedztwie Kolskiego Zalewu 

znajduje się góra Gorela, która jest punktem 

widokowym na miasto oraz okolicę. W obrębie 

tej góry znajduje się planowana trasa 

geoturystyczna wraz z usytuowanymi tablicami 

informacyjnymi. Autor zbadał wybrane skałki 

pobrane z rejonu trasy oraz megalitu 

znajdującego się w północno-zachodniej części 

wzgórza. Zostały także pobrane próbki skał z 

pobliskiego kamieniołomu (we wschodniej 

części masywu). Wyniki analiz petrograficznych 

i mineralogicznych tych skał wskazują iż są to 

głównie archaiczne granulitowe gnejsy tworzące 

cokół kratonu serii kolskiej oraz skały 

narzutniakowe reprezentujące granitognejsy 

oraz amfibolity i granulity. 

SŁOWA-KLUCZE: Góra Gorela, Murmańsk, 

trasa geoturystyczna, mineralogia, petrografia. 

1. INTRODUCTION 

  

 Murmansk is a city located in the Arctic 

part of NE Scandinavia in the Kola Peninsula 

region, which forms the northeastern part of 

Fennoscandia. It is a city of great importance due 

to the nearby port, which is the beginning of the 

so-called Arctic Route across the Arctic Ocean 

from Europe to Asia, the seat of the regional 

government, and the numerous administrative 

and educational offices located there.  The city 

currently has about 300 thousand inhabitants. It 

was founded relatively recently, in 1960, 

although the nearby town of Kola was founded 
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in 1517 [21, 24,44]. Due to its location behind 

the North Arctic Circle, the city belongs to the 

Arctic region. Due to the location of the city, the 

polar night lasts from December 2 to January 11 

and the polar day from May 22 to July 22. Snow 

cover persists in the city for about 210 days. 

Despite its location, Murmansk has a rather mild 

climate [4]. In winter, the temperature rarely 

drops below 30 degrees Celsius while in 

summer, the temperature is usually recorded 

around 15 degrees Celsius. The minimum 

temperature was recorded on January 6, 1985, 

and January 27, 1999 (-39.4'C), and the 

maximum was +32.9'C on July 9, 1972. This is 

influenced by the Norwegian Current, a branch 

of the Gulfstream, which considerably 

moderates the temperature amplitude while 

contributing to a significant amount of 

cloudiness and precipitation in the region [39]. 

Many petroglyphs, labyrinths, and other 

megalithic structures associated with the Sami 

culture have been preserved in the Murmansk 

region [2, 24]. In the discussed city there are 

many residential settlements, compact multi-

story buildings dominate. In recent years, 

environmentalists have taken the initiative by 

proposing the creation of nature trails in various 

areas of the city to raise environmental 

awareness among residents and to counteract 

pollution of the city [1,33-35]. An example is a 

well-known path in the area of the Unknown 

Soldier Monument, already functioning for 

several years, and the initiative to create such a 

path in the area of Gorela Mountain, which is an 

interesting viewpoint of the city. The purpose of 

this article is to discuss the attractiveness of this 

place from the point of view of petrography and 

the mineralogy of the rocks found there.  

2. GEOLOGICAL BACKGROUND OF THE 

MURMANSK REGION 

 

The Murmansk area is located within the 

northern part of the rocks included in the Kolska 

Series, an archaic craton of migmatized granite 

gneisses and granulites whose age of the oldest 

formations has been determined to be 3.75Ga. 

The archaic granite gneisses in the Murmansk 

area are the oldest currently known link, building 

the Kolskaya Series craton [7,17]. Exposures of 

these rocks occur in the area of the city, in the 

slopes of the Kolsk lagoon of the Barents Sea, 

and the cuts of the Murmansk bypass. They are 

included in the structure of the Central 

Carolinian block [8-12, 22, 36, 42], the age of 

which is determined to be over three billion years 

[27,28]. It is bordered to the north by the narrow 

Uraguba-Kolmozero-Voronya greenstone belt, 

to the east by the West Kieyv unit, and to the 

south, it is bounded by the Imandra-Varzuga 

greenstone belt zone and the Khibiny and 

Lovozero intrusions [42]. To the west, it is 

bordered by the Monchetundra, Monchepluton 

intrusions, and the Lapland granulite belt. The 

Murmansk granite gneisses are garnet-pyroxene-

quartz-plagioclase rocks. They bear traces of 

multiple metamorphisms, sometimes also 

migmatization. They are intersected by various 

vein formations [3]. They are accompanied by 

enderbites and granodiorites and different 

varieties of granitoides along with veins of 

pegmatites and aphibolitized basic rocks. The 

complex of these rocks forms single structures of 

isometric or lenticular character with diameters 

reaching up to several kilometers. Their centers 

are built of late Archaic granitoids, 

granodiorites, charnockites, and enderbites, 

[14,31]. In some cases, the discussed formations 

show rhythmic overburdening of melanocratic 

with leucocratic rocks, forming a differentiated 

gneiss complex [4,5]. The rocks of this complex 

underwent double metamorphism in the 

granulite facies. The age of the former was 

determined to be 2830+10 Ma [41] and 2724+49 

Ma [42] for the latter (by the method of U-Pb 

isotopic ratios in zircon crystal). These gneisses 

were considered a product of metamorphosed 

sandstones [27].
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Fig. 1. View from the top of the Gorela hill. 

3. METHODS 

 

Field surveys were conducted in the summer 

of 2021 in the uplift area and 2018 at a nearby 

quarry. As a result of these investigations, rock 

samples were collected (Table 1, fig. 2). Thin 

plate preparations were made from these samples 

and then mineralogical and petrographic 

observations were made using a Leica DM2500P 

optical microscope. Subsequently, micro-area 

studies were performed using a Hitachi SU6600 

scanning electron microscope with an EDS 

attachment. The results of these analyses are 

included below.     

 

Fig 2. Schematic plan of the elevation area with collected rock samples. 

3. RESULTS 

 

The discussed hill is a hill covered with forest 

transitioning to forest-tundra with numerous 

representatives of mosses and lichens [13, 

31,32,43]. It is partially covered with weathered 

soil, especially in the area of depressions, where 

high peat bogs form [37,40]. Elsewhere, bedrock 
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belonging to the Kola series can be seen between 

patches of vegetation along with erratic rocks 

[40]. These include granulitic gneiss (Kola 

Series) and numerous granitoides and 

metamorphites in the form of erratics of varying 

sizes.  

Table 1. The studied samples localization. 

Sample Longitude Latitude Rock name 

G1 68o56’37.7”N 33o03’10.9”E granulite 

gneiss 

G2 68o56’22.2”N 33o05’07.9”E amphibolite 

G3 68o56’10.1”N 33o04’50.0”E granulite 

G4 68o56’10.1”N 33o04’50.0”E schists 

G5 68o55’43.3”N 33o05’15.8”E granulite 

gneiss 

 

Granulitic gneiss (sample G1), is a gray-red-

brown colored rock (especially in the weathered 

zone), grano-lepido-nematoblastic, 

glomeroblastic, diablastic, symplectic structure. 

The texture of the discussed rock is gneissic with 

visible directional disturbances, emphasized by 

dark minerals and garnets. The rock background 

is formed by large porphyroblasts of orthoclase, 

having a rounded shape with numerous bays 

where quartz crystals are pressed in, darkening 

wavy. Adjacent to the quartz is albite forming 

myrmekite at the boundary with quartz and 

orthoclase (fig. 3D). Quartz forms differentiated 

crystals from very large, co-occurring with 

orthoclase, to very small in the form of 

inclusions in this mineral or the form of small 

crystals occurring in the spaces between the 

discussed grains. Where the fine crystals occur, 

there are zones of mylonitization of the rock, 

associated with shear stress, which are 

highlighted by the occurrence of sillimanite and 

staurolite crystals there (fig. 3A, B). In their 

vicinity biotite is found, having fusions of rutile 

and zircon, accompanied by ilmenite, forming 

elongated crystals. Apart from these minerals, 

the rock also contains epidote, which forms 

small crystals in the vicinity of biotite, as well as 

muscovite and zoisite. Deformed and crushed 

garnet crystals are also visible in the rock, often 

also deformed with numerous inclusions, mainly 

of quartz (Fig. 3C). Apart from these minerals, 

there is also a small admixture of graphite 

aggregates and in the zones between the blasts of 

the rock, one can find the presence of hematite 

(Fig. 3C). Similar rocks are also found in the 

quarry on the eastern side of the massif (sample 

G5). In these rocks, one can additionally find 

hypersthene, often in the presence of epidote and 

chlorite and also admixtures of titanite. Along 

with these minerals, calcite is also present, 

forming small lenses and veins in the discussed 

rocks. Apatite is also found in both feces. 

Isotopic studies, conducted by the author, of the 

graphite present, indicate a δ13C value of 

+9‰+2 VPDB, which corresponds to the marine 

environment of the formation of this mineral 

[452]. The micro-area analyses conducted 

showed that lanthanum and cerium are doped in 

apatite. In addition to apatite, monazite is also 

present (fig. 4A). Plagioclase is usually 

represented by andesite-labrador (48-57%Ab, 

fig. 4C), while biotite is doped with titanium (fig. 

5B). Orthoclase sometimes has a slight 

admixture of barium. On the bedrock there are 

numerous erratic boulders, forming rock blocks 

of various sizes, sometimes reaching up to 1 

meter and several hundred kilograms in weight 

(fig. 5). These rocks are dominated by 

granitoides composed mainly of quartz 

accompanied by orthoclase and albite, together 

with biotite, muscovite, and sometimes epidote. 

Apart from these rocks, quartz and quartz-

feldspar veins can also be found. There are also 

occurrences of rocks richer in melanocratic 

minerals such as amphibolite (sample G2), 

chlorite-epidote schist (sample G4), and 

granulite (sample G3). These rocks are described 

below.  
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Fig. 3. Microphotographs of granite gneiss: A -visible crystals of staurolite (sta) on the background of biotite 

(bt), zircon (zr); B -crystals of sillimanite (sill) on the background of orthoclase (kfs) and quartz; C -garnet 

(gar) and quartz (qtz) on the background of biotite and graphite (gra); D -orthoclase (kfs), plagioclase (pl) and 

myrmekite.  

  

Fig 4. EDS spectrum of monazite (A), biotite (B), plagioclase (C). 
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Fig. 5. Example of erratic boulders in the mountaintop zone. 

 

 Fig. 7. 

Example spectra of common hornblende (A), plagioclase (B), and garnet (C). 

Amphibolite (sample G2) is a blackish-

greenish colored rock with grano-lepido-

nematoblastic, symplectic, diablastic structure, 

shale texture with fine foliation highlighted by 
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amphibole crystals. Microscopic images show 

specimens of common hornblende forming 

diablastic adhesions along with epidote (Fig. 6A, 

B). The minerals also contain numerous 

inclusions of rutile and ilmenite with zircon. 

Epidote crystals also occur in the space between 

the hornblende co-occurring with clinozoisite. 

Small crystals of garnet are also present next to 

amphiboles. Next to these minerals ilmenite and 

titanite can be seen in the rock-forming rarer but 

larger crystals. Between these phases, there are 

large chloritized specimens of plagioclase. Small 

crystals of apatite are also encountered in their 

background. In the discussed rock there is a zone 

of leucocratic minerals highlighted by the second 

generation of plagioclase (without chloritization) 

and accompanying crystals of calcite, zoisite, 

and cordierite. Small aggregates of sillimanite 

are visible against the calcite and plagioclase. 

 

Fig. 6. Microphotographs of amphibolite (A, B), showing common hornblende (hbl) on a background 

of biotite (bt) clinozoisite (czo), and epidote (ep) (A) and garnet (gar) on a background of common 

hornblende and plagioclase (pl) sericitized (B); granulite (C, D), showing biotite, quartz (qtz) with 

magnetite (mt) (C) as well as garnet, plagioclase, orthoclase (kfs) and quartz (D); and slate (E, F), with 

chlorite (chl), relict hornblende, tremolite (tr) and epidote (E), as well as biotite and tremolite (F). 
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Accessory iron hydroxides are also present in 

the rock. Micro-area studies confirmed the 

presence of biotite, chlorite, and common 

hornblende (Fig. 7A). Two generations of 

plagioclase represented by andesite (50%Ab) 

and labrador-anorthite (29-1% Ab, fig. 7B) were 

also found. The studied garnet is represented 

mainly by grossular with small zones enriched in 

andradite particle (5-30%) and pyrope particle 

(8%, fig. 7C). Granulite (sample 3G) is a 

reddish-blackish-green, grano-lepido-

nematoblastic rock with a distinct gneissic mesh 

texture, highlighted by garnet glomeroblast 

crystals. The background rock is formed by 

large, deformed garnet crystals, overgrown with 

quartz in the crystallization shadows between 

these blasts. The garnets themselves have 

numerous inclusions of small crystals of quartz, 

epidote, and biotite, sometimes forming a 

helictite character. Alongside these minerals, a 

foliation highlighted by small crystals of 

common hornblende and biotite aggregates is 

evident (fig. 6C, D). These minerals co-occur 

with magnetite and titanomagnetite, forming 

large extended spindle-blasts and occurring as 

foliations in biotite next to zircon. They are 

sometimes accompanied by small crystals of 

epidote. Single crystals of hypersthene are also 

visible, co-occurring with biotite and ilmenite. 

Next to these minerals laminates made of 

leucocratic minerals are visible in the rock. 

These are mainly crystals of quartz accompanied 

by orthoclase and plagioclase. Quartz darkens 

wavelike and forms crystals with sutural 

boundaries differentiated in size. Quartz is the 

dominant leucocratic mineral in the discussed 

rock. Plagioclase is found mainly in the vicinity 

of garnets and biotite, similarly to orthoclase. 

Accessory small crystals of apatite are also 

visible. Micro-area studies have confirmed the 

occurrence of apatite (fluoroapatite) and biotite 

(fig. 8B), sometimes doped with titanium. 

Plagioclase is represented by labrador (25%Ab, 

fig. 8C). Garnet is represented mainly by the 

almandine-andradite moiety (65-74%) with a 

significant proportion of the grossular moiety 

(22-25%) and a small proportion of the pyrope 

moiety (5-8%, fig. 8A). Amphibole-biotite-

epidote-chlorite schist (sample 4G) is a greenish-

black colored rock with a grano-lepido-

nematoblastic structure, schist-like texture, 

highlighted by amphibole crystals. In the 

microscopic image, the background of the rock 

is formed by common hornblende co-occurring 

with biotite. Hornblende (fig. 9A) forms relict 

crystals overgrown by ilmenite fusions and 

diablastic fused with epidote (fig. 6E, F). The 

ilmenite fusions take the shape of relict phases 

whose background has been replaced by epidote 

and chlorite (fig. 9B). Ilmenite is also in the 

vicinity of these minerals in the form of larger 

crystals of anhedral shape. It is accompanied by 

pyrite and chalcopyrite. Numerous elongated 

crystals of tremolite occur next to it (fig. 9C). 

These minerals are accompanied by aggregates 

of biotite forming adhesions with clinochlore. 

Examination of the micro-area confirmed the 

occurrence of the phases in question. Small 

crystals of fluoroapatite were also found.  
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Fig. 8. Example spectrum of garnet (A), biotite (B), and plagioclase (C).  

 

Fig. 9. Example spectra of hornblende (A), clinochlore (B), and tremolite (C). 
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4. DISSCUSSION  

 

The discussed hill has the character of a local 

viewpoint and is an example of Murmansk geo-

heritage [15-16, 18-20, 23, 25, 26, 29-30, 38]. 

The discussed gneisses constituting the bedrock 

belong to the Kola series. They are 

parametamorphite, polyphase metamorphosed in 

granulite facies but also high-pressure 

metamorphism and lower epidote-amphibole 

facies. They were formed as a conglomerate of 

crumbly material that was transformed. Because 

of their great age (Archean rocks), they are 

strongly altered and many of the phases present 

in them were formed in much later periods. 

These rocks are exposed both in the quarry area 

(on the eastern foot of the mountain) and on its 

western slopes, e.g. in the so-called Voroniy 

Stone (fig. 10). The rock blocks occurring on the 

hill can be classified as erratic boulders. These 

are granitoids, granite-gneisses, granulites, 

amphibolites, slates and quartz and quartz-

feldspar veins. Their origin is difficult to 

determine. Some of the boulders are arranged in 

circles, probably caused by deliberate human 

placement. 

 

Fig. 10. Macro photograph of ‘Voronyi Kamen’ 

stone (place of sample G1). 
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