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ABSTRACT 

 

 As a result of research carried out among 

Monchepluton rocks containing accumulated 

olivine and pyroxene and sulfidic mineralization 

(Ni-Cu-Fe), platinoid mineralization was found: 

Insizvaite, Hessite, Kotulskite, Maslovite, 

Merenskite, Mitrofanovite, Moncheite, 

Monchenereite, Palladium, Polarite, 

Törnroosite, Sperylite, Telluropalladynite, 

Volynskite and Zvygiancevite. New mineral 

phases have also been found, such as: 

Telluroplatiniumpalladynite (PtPd2Te6 and 

Pt2Pd2Te5), Tellurosperylite (Pt5AsTe4), 

Platinumtörnoosite (Pt2PdAs4Te2), as well as 

Ag-kotulskite, Ag-telluropalladinite, Ag-

maslovite, Pb-mitrofanovite, Pb-kotulskite, Pt-

zvygiancevite , Pt-greenockite. The analyzes 

performed show some miscibility in the Pd-Pt-

Te-Bi-As-Ag-Pb system solutions. 

KEYWORDS: Telluroplatiniumpalladynite, 

Tellurosperylite, New PGE phases, layered 

intrusion, Monchepluton, Kola Peninsula. 

 

 

1. INTRODUCTION 

  

 The intrusion of Monchepluton is dated to 

the early Proterozoic period. There are 

ultrabassic rocks (dunites, chromitites, 

harzburgite, orthopiroxenites) and bassic rocks 

(norites, gabronorites and gabbro)[1,7,8,9]. The 

massifs are arranged in two arms: meridian 

(going from the north Traviannaya, Kumuzhia, 

Nittis-NKT) and latitudinal (Sopcha, Nyud, Poaz 

and Vuruchenayvench). It consists of numerous 

smaller blocks such as Dunite Block, Gabroids 

of 10 Anomalies, etc. In the NKT region, the 

ultrabassic rocks are exposed, starting with 

Traviannaya -harzburgite and cumulate 

pyroxene-olivine with sulphides, 

orthopiroxenites that continue for the rest of the 

Traviannaya massif, Kumuzhia, Nittis up to 

Sopcha where its eastern slopes begin to appear 

plagioclase, significantly increasing in the area 

of Nyud, where the norite and gabbronorites are 

exposed, further the Poaz gabronorites and 

finally the 10 Anomaly gabbroides and the 

metamorphosed Vuruchenayvench gabbroids. In 

the area of the Dunite Block there are dunites and 

chromitites that are considered the root zone of 

the intrusion [8]. In the discussed rocks there are 

commonly bronzite and diopside in various 

proportions, sometimes accompanied by olivine, 

chromite, and also plagioclase. In these rocks, 
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there are also auto-breccia zones containing also 

xenolites of supracrustal rocks classified as the 

so-called critical horizon. Sulfur mineralization 

in dispersed, nested and striated as well as 

massive form is found in the discussed intrusion 

rocks. Pentlandite, pyrrhotite and chalcopyrite 

predominate, and associated with them is 

platinoide mineralization (PGE) represented by 

palladium and platinum tellurides occurring in 

the form of several dozens of phases [2-7]. 

2. METHODS 

 

These massif rocks were examined as a result of 

field work and documentation in 2013-2018. 

Selected samples of these rocks were made of 

thin plates and flints. They were examined by 

means of optical microscopy in transmitted and 

reflected light and then examined in a micro-area 

using the scanning electron microscope Hitachi 

SU6600 with EDS in Geology and Protection of 

Lithosphere at the Earth Sciences and Spatial 

Management Faculty, Maria Curie-Skłodowska 

University in Lublin. In the discussed rocks, 

8,624 ore phases were investigated together with 

PGE minerals. The PGE phase was tested in total 

1144 in 82 rock samples. In individual massifs in 

total: in the Traviannaya massif of 40 phases, in 

Nittis 68 phases, in Sopcha XX (including 330 

phase 293 phases), in Nyud 472 phases, in Poaz 

(8 analysis) and in 10 Anomalies, respectively, 

performing 21 analyzes (Fig 1).

 
Fig 1. Panorama of Monchepluton Massif from Traviannaya. 

3. RESULTS 

 

The monchepluton intrusion is composed 

of rhythmically changing bassic and ultrabassic 

rocks containing orthopiroxene, clinopiroxene 

less olivine, plagioclase and accessory minerals. 

In the area of Dunite Block there are such rocks 

as dunite, chromitite and other peridotites. 

Among them, sulphide mineralization is 

encountered, but the PGE phase does not occur. 

In the Traviannaya area there are rocks such as 

harzburgites and plagioharzburgites as well as 

orthopiroxenites having nest intensive sulfidic 

mineralization and with it various phases of 

PGE. Further in the region of Kumuzhia and 

Nittis there are orthopiroxeneite rocks, and 

among them, ore mineralization is dispersed. In 

the region of Sopcha, there are sulphide veins 

and the zone of Horizon 330 in which more 

bassic rocks are observed as well as richer nest-

mass sulphide mineralization. Similarly in Nyud, 

where in the zone of the so-called Critical 

Horizon, there are rocks of autobreccia 

containing xenolites of supracrustal rocks and 

sulphide mineralization of a nesty and massive 

nature. Also at this point there is a large 

mineralization of PGE. In turn, Poaz is 

dominated by gabbronorites and in 10 

Anomalies by gabbroides with dispersed 

sulphide mineralization. In the 

Vuruchenayvench massif are gabbroides, 

metamorphosed in amphibolite facies. 

Analyzing the rock samples from individual 

massifs, their synthetic microscopic description 

is presented. In the Traviannaya area there is a 

plagio-websterite zone towards kummulates and 

plagioharzburgites. In the microscope image, the 

rocks are filled with oval orthopiroxene, often 
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cracked with a diameter of up to several mm. 

Between them there are olivines, often bearing 

traces of corrosion and secondary processes. In 

the rock, small crystals of clinopiroxene growing 

on orthopiroxenes, talc, serpentine, forming 

reaction crowns as well as magnesite are also 

visible. In interactions between these minerals 

there are single chromite grains. In these rocks, 

single plagioclases may appear, especially in the 

area of the mine in the south-western slope, 

where there are accumulations containing 

sulphides. Minerals of sulphides forming nest 

and solid mineralization are mainly represented 

by pentlandite, which in the form of massive 

sulphides is often repeatedly twinned. Next to it 

appears pyrrhotite and troilite as well as 

chalcopyrite. In their vicinity, especially in the 

area of the appearance of isolated magnetite 

grains, there is a reaction zone zone made of 

bornite and chalcozine, which is accompanied by 

digenite. In the zone of these minerals there 

appear small fixed inclusions of galenite and also 

platinum-bearing minerals (PGE). In 

Harzburgites there appear xenolites of dunites 

and chromitites, do not matter, from the ore point 

of view. Going further east there is a large rift 

zone filled with talc-serpentynite schists and 

dolerite dykes, but in the southern part of the 

slope there is a visible passage to orthopiroxene 

rocks containing harzburgite xenolites. 

 

  

  

Fig 2. Exemplary microphotographs of Monchepluton rocks containing sulphide mineralization and PGE 

mineralization: A. orthopiroxenes and olivine with talc in hazrburgite from the Traviannaya region; B. 

Orthopiroxenite from Sopcha with visible orthopiroxenes, and growth of clinopiroxene at the expense of the 

primary phase; C. Norite from the Nyud area with visible orthopiroxenes, sulphides and plagioclases; D. 

Gabbronorite from the Poaz region with visible ortho- and clinopiroxene and plagioclase.  

A                                                        B 

 

 

 

 

 

C                                                        D 
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Fig 3. Characterization of PGE minerals in the discussed massifs. 
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In the Kumuzhia region, websterite appear. 

These rocks have rounded crystals of 

orthopiroxenes accompanied by clinopiroxenes. 

They are arranged in a random way in the rock. 

The clinopiroxene crystals often have a binding 

role in the rock, acting as an intercumulus. 

Orthopiroxes also show fractures in these rocks, 

and they often also contain serpentinite and talc 

minerals. In the region of Nittis there are 

orthopiroxenes built mainly from bronzite, 

which is accompanied by a small amount of 

clinopiroxene, most often growing at the 

expense of this first phase. In the discussed 

rocks, it was present individual plagioclases. In 

the Sopcha region orthopiroxeneite rocks are 

found, similar to those of Nittis. In the vicinity of 

the zone called the 330 Horizon, it can be found 

websterites xenolite, often containing chromite 

grains and sulphide mineralization. Sulphide 

rocks are formed in the form of massive fillings 

with pentlandite, accompanied by chalcopyrite 

and pyrrhotite. In the rock, present a small 

inclusions of PGE minerals appear on the 

background of large pentlandite grains. 

In the area of the Nyud Massif, there appear 

corpses formed in the form of rocks made of 

large oblong to several mm orthopiroxene 

crystals, often cracked and having talc, 

serpentinite and fine aggregates of iron oxides in 

faults. In the interactions of these minerals, 

plagioclases are visible. In these rocks, 

sometimes occurs a large-crystalline diopside, 

which subside preparation during rock 

weathering processes, binds the orthopiroxene 

crystals to form poikilite inclusions on the 

background of this mineral. In these rocks, there 

is also secreted sulphide mineralization and with 

it, PGE minerals. In the area of the so-called 

Critical Horizon also appears websterites and 

breccias of supracrustal rocks (mica quartz 

schists) cemented with sulphides in which also 

the numerous occurrence of PGE mineralization 

has been found. In the Poaz massif 

gabbronorites, both orthopiroxene and 

clinopiroxene, which mutually occur in the rocks 

and plagioclases in their interactions, meet. In 

the area of 10 Anomalies appear gabbroides built 

of diopside and augite which creates a rock 

background in the form of large crystals reaching 

up to several mm in diameter, touching each 

other, but sometimes fractured. Numerous 

plagioclases appear in interactions. Against the 

background of femic minerals, ore minerals such 

as ilmenite and magnetite appear in the zone of 

occurrence of tremolith, talc and serpentine, as 

well as sulphides such as chalcopyrite, digenite, 

bornite growing together with chalcopyrite and 

pyrrhotite and pentlandite. In these rocks, PGE 

mineralization also occurs. In the 

Vuruchenayvench area there are amphibolites 

(metamorphosed gabbro-anorthozites) in which 

PGE mineralization is not represented as much 

as in the above-mentioned rocks. In the 

discussed rocks, sulphide mineralization is of 

great importance because PGE minerals appear 

most frequently in the vicinity of sulphides. 

Usually they are located in the seeds of 

pentlandite, pyrite and chalcopyrite or also in the 

vicinity of the other discussed phases. In these 

rocks, minerals are present, such as Insizvaite, 

Hessite, Kotulskite, Maslovite, Merenskite, 

Mitrofanite, Moncheite, Monchenereite, 

Palladium, Polarite, Törnroosite, Sperylite, 

Telluropalladynite, Volynskite and also 

Zvygiancevite were found. The most numerous 

accumulation of the discussed phases falls on the 

cumulate zone of Traviannaya massif, 330 

Horizon of Sopcha, the Critical Zone Nyud. The 

occurrence of the minerals in question is 

illustrated in Figure 3.  

While conducting microanalysis, certain mineral 

families such as Pd-Mitrofanovite, Pb-

Mitrofanovite, Ag-Mitrofanovite and Ag-

Maslovite, Ag-Kotulskite, Pb-Insizvaite, Pd-

Greenockite were found. Although the analysis 

may mark the adhesion of smaller phases, in the 
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Tab 1. Results of microanalysis of the chemical composition of the discussed phases. 

Samples  Pt Pd Te Bi As Pb Ag Cd Phase 

85Mon17-7/4 32,65  33,70 14,11   19,53  Phase 1 

81Mon17-6/1  25,37 39,93    34,71  Phase 1a 

81Mon17-7/3  30,49 42,13 8,74   18,63  Phase 1b 

81Mon17-7/5  22,35 36,37 6,32   34,95  
Phase 1b 

81Mon17-7/2  20,85 36,91 4,80   37,44  
Phase 1b 

37MON17-14/7 41,29  57,16   1,55   Phase 2a 

37MON17-14/3 43,31  48,11 4,22  4,36   Phase 2b 

02Mon13-7/4 9,25 30,47 60,27      Phase 3 

02Mon13-7/2 10,10 24,28 65,63      
Phase 3 

02Mon13-7/1 11,86 24,95 63,19      
Phase 3 

02Mon13-7/3 12,18 23,28 64,54      
Phase 3 

31Mon16--5/12 16,34 22,45 61,21      
Phase 3 

31Mon16--5/12 16,34 22,45 61,21      
Phase 3 

31Mon16--5/8 16,50 24,11 59,40      
Phase 3 

31Mon16--5/8 16,50 24,11 59,40      
Phase 3 

31Mon16--5/2 17,42 25,55 57,03      
Phase 3 

31Mon16--5/2 17,42 25,55 57,03      
Phase 3 

31Mon16--5/7 17,95 21,48 60,56      
Phase 3 

31Mon16--5/7 17,95 21,48 60,56      
Phase 3 

31Mon16--5/9 18,30 20,49 61,21      
Phase 3 

31Mon16--5/9 18,30 20,49 61,21      
Phase 3 

31Mon16--5/6 19,32 21,54 59,15      
Phase 3 

31Mon16--5/6 19,32 21,54 59,15      
Phase 3 

30Mon16--5/3 20,37 17,91 61,72      
Phase 3 

30Mon16--5/3 20,37 17,91 61,72      
Phase 3 

06Mon13--39/6 20,43 17,43 62,14      
Phase 3 

30Mon16--5/2 22,50 14,28 63,22      
Phase 3 

30Mon16--5/2 22,50 14,28 63,22      
Phase 3 

31Mon16--5/5 22,91 21,19 55,90      
Phase 3 

31Mon16--5/5 22,91 21,19 55,90      
Phase 3 

31Mon16--5/3 23,36 19,75 56,89      
Phase 3 

31Mon16--5/3 23,36 19,75 56,89      
Phase 3 

31Mon16--5/4 23,43 16,93 59,63      
Phase 3 

31Mon16--5/4 23,43 16,93 59,63      
Phase 3 

31Mon16--5/11 23,56 18,26 58,17      
Phase 3a 

31Mon16--5/11 23,56 18,26 58,17      
Phase 3a 

31Mon16--5/10 24,25 20,89 54,87      
Phase 3a 

31Mon16--5/10 24,25 20,89 54,87      
Phase 3a 

02Mon13-4/1 25,13 19,79 55,08      
Phase 3a 

06Mon13--34/5 26,69 8,21 65,10      
Phase 3a 

06Mon13--34/1 26,96 12,98 60,07      
Phase 3a 

02Mon13-4/2 28,61 17,86 53,54      
Phase 3a 

34MON17(9)/2 32,96 4,16 62,87      
Phase 3a 

34MON17(9)/2 32,96 4,16 62,87      
Phase 3a 

81Mon17-6/1 35,14 25,20 39,67      
Phase 3a 

03Mon13--3/3  17,24 40,28    42,48  PdTeAg 

03Mon13--3/5  32,60 59,70    7,70  PdTeAg 

81Mon17-6/3  19,98 36,66 5,11   38,26  PdTeBiAg 

37MON17-14/3 45,21  50,23   4,55   Phase 6 

85Mon17-17/6 33,12       66,88 Phase 6a 

01MON13-7/8 28,27 7,47 20,96  43,29    Phase 6b 

03Mon13-9/2 36,49 0,00 15,83  47,68    Phase 6c 

Mon02(22)/3 42,45 0,00 3,21  54,34    Phase 6c 
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face of the recent discovery of Mitrofanovite, it 

can be assumed that some of them may exhibit 

limited miscibility and form solid solutions. This 

is particularly true of the Pt-Pd series and 

bismuths, tellurides and arsenic of these metals. 

There are also known complex compounds of 

palladium and platinum with silver and lead, 

therefore it is very likely that such phases are 

also possible in the mentioned platinum carriers. 

Below, the individual cases of these minerals in 

the discussed rocks of the Monchepluton Massif 

will be discussed. It is worth mentioning, 

however, that some of the phases were also 

identified by the author in other massifs of the 

Kola region (unpublished materials), which may 

be an additional argument for the actual 

existence of the discussed minerals. 

In the Traviannaya massif, lead additions were 

found in some of the Kotulskite and Insizvaite 

minerals. In addition, they are accompanied by 

Merenskite, Monchenereite, Mitrofanovite, 

Törnroosite, Hessite as well as Volynskite, 

Argentite, silver-Quadratite. In the 

mephrotanite, admixtures of palladium, lead and 

silver were found. In the telluropalladinite silver 

and arsenic addition found respectivelly. In the 

case of Traviannaya massif, palladium 

Greenockite was found as well as Hessite and 

SnAgCd sulphate. In the Mitrofanovite, 

palladium admixtures were also found, and in 

thulium and silver anchor, as in the case of 

Maslovite (Ag) and Telluropalladinite (Th). In 

the Telluropalladynite from Kumuzhia, an 

admixture of arsenic was found, in Mayakite 

cobalt, platinum in Sobolevskite. In the region 

330, the admixture of palladium in the 

Mitrofanovite was also found. In Nyud, 

palladium was found in the Mitrofanovite. In 

addition, cobalt admixtures were found in the 

Kotulskite from rock 10 Anomally rocks 

samples. The discussed phases are shown in 

Table 1 behind. 

   

   

Fig 4. Exemplary BSE microphotographs of the new phases: A. Telluroplatiniumpalladynite (Phase3); B. bright 

center are Pb-Kotulskite (phase 2b), point -7 Pb-mitrofanovite (phase 2a); C. Platiniumtörnoosite (phase 6b); D. 

Ag-Telluropalladynite (phase 1b); E. Ag-Maslovite (phase 1); F. bright center are Ag-Kotulskite (phase 1a). 

A                                       B                                      C 

 

 

 

 

D                                      E                                      F 
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In Fig. 4, there are exemplary 

microphotographs of backscattered electrons 

(BSE) of the discussed phases. Analyzing Table 

1, it can be concluded that the Pt-Pd-Te 

relationship is relatively frequent, which can be 

described as Telluroplatiniumpalladynite (phase 

3 and 3a). Accurate analyzes show in addition 

that in the tested samples the Pt / Pd ratio may 

take two values: 12% for Pt, 24% for Pd and 64% 

for Te which corresponds to the stoichiometric 

PtPd2Te6 ratio and 22% Pt, 22% Pd and 55% 

respectively. corresponds to: Pt2Pd2Te5, 

compared to the known phases: Pd9Te4 

(telluropalladinite) and Pt3Te4 (mitrofanovite). 

The next phases are silver-kotulskite (phase 1a) 

with an approximate 20% atomic addition of 

silver and silver-telluropalladynite (phase 1b), 

silver-maslovite (phase 1) shows a similar 

admixture of the silver content. The analyzes of 

these data also show the existence of lead - 

mitrofanovite and lead - kotulskite (phase 2a and 

2b respectivelly) and platinum phases Pt5AsTe4 

Tellurosperrylite (phase 6c), Pt-zvygiancevite 

(phase 6), Pt-greenockite (phase 6a) and 

Pt2PdAs4Te2 Platiniumtörnoosite (Phase 6b). All 

this points to some miscibility of these 

compounds and diadochia which is related to the 

nature of the complex bonds of these elements 

and their ionic rays. The exact determination of 

the position of atoms in individual phases and the 

calculation of their stoichiometry requires 

further detailed research. The author, however, 

hopes to conduct these analyzes, he also expects 

that in the near future they may also be more 

widely repeated. 

 

4. DISSCUSSION  

 

These PGE minerals are found in 

Monchepluton rocks. Their analysis shows that 

there may be some miscibility in the Pd-Pt and 

Bi-Te-As-Ag-Pb compounds. There are known 

individual minerals containing the discussed 

compounds of these metals. An example is 

Mitrofanovite (Pt-Te) and Telluropalladynite 

(Pd-Te), especially since the Pt-Pd-Te 

compound has been repeatedly tested in various 

samples (others occurring at 330 Horizon, Nittis 

rocks, Traviannaya, Sopcha). Similarly, in the 

case of Sperrylite (Pt-As) and Mitrofanovite, the 

Pt-Te-As compound can be the same as the result 

of diadochia tellurium and arsenic. In a similar 

vein, one can mention the relationship between 

Pd-Pt-Te-As occurring among Kumuzhia 

minerals. On the other hand, in the case of 

telluropalladynite, the substitution of Ag in place 

of tellurium and the formation of the Pd-Te-Ag 

compound (found in Nyud rocks) may be a 

similar manifestation of this mixability. In the 

Traviannaya region, an admixture of Pt in 

greenockite and Ag in maslovite and kotulskite, 

and the already mentioned telluropalladynite 

was also found, and in the region of Sopcha an 

admixture of Pt in Zvygiancevite. 

Zvygienacevite is a Pb-Te-Pd compound which 

also indicates the compatibility of these ions. 

5. CONCLISION  

 

The discussed Monchepluton massif is an 

intrusion of alkaline and ultrabassic rocks 

exhibiting stratification of rhythmicity and 

secondary magma injections. It is characterized 

by sulphide sulphide of a dispersed, nest, vein 

and massive nature. It is dominated by Cu, Fe, 

Ni sulphides, and in a smaller amount of galena, 

argentine, in the neighborhood of which PGE 

minerals are found. In the micro-area, about 40 

phases of various PGE minerals were found in 

the amount of 1144, which were examined in the 

micro-area. Based on known analogies and test 

results, it is postulated the possibility of new 

phases such as: Pt-Te-As compounds, Pd-Pt-Te, 

Pt-Te-Pb-Bi, Pd-Te-Pb, Pd-Ag-Te-Bi and Pt-

Ag-Te-Bi, referred to as Pd-mitrofanovite, Ag-

telluropalladinite, Ag-kotulskite, Ag-maslovite, 

Pb -mitrofanovite and Pb-moncheite. 
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Determination of the stoichiometry of these 

phases and thorough analyzes will be continued 

in order to fully determine these phases. 
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ABSTRACT 

 

 The early Proterozoic layered 

Monchepluton intrusion consists of various 

types of ultrabasic and basic rocks. They are 

made of cumulates chromite, olivine, ortho- and 

clino-pyroxene, which are accompanied by 

numerous intercumulative phases such as 

clinopyroxenes, plagioclases and accessory 

minerals. This intrusion was created in the form 

of a portion of ultra-basic magmas which were 

differentiated in the environment of magmatic 

chambers in which magma injection occurred, as 

evidenced by Dunite Blok rocks. In addition, 

these rocks have been changed in the tectonic 

zones of splits, transformed as a result of 

hydrothermal, metasomatic and metamorphic 

processes. These processes, however, had a 

different degree of advancement, which 

contributed to a large variety of discussed rocks 

and their interesting mineralization. Spinnels 

research from the area of Dunite Block, 

Traviannaya massifs, Nittis, Sopcha and Nyud 

showed a close relationship of minerals with 

history and the construction of intrusion. They 

also showed the presence of zones associated 

with the injection of primitive magma. 

KEYWORDS: Monchepluton, PGE, Layered 

intrusion, paleoproterozoic, Fennoscandian Shield. 

1. INTRODUCTION 

 In the central part of the Kola region in 

Northern Scandinavia there is an early 

Proterozoic layered intrusion called 

Monchepluton. It is a sickle-shaped intrusion 

built of basic and ultrabasic rocks with an area of 

about 65km2, and 2.5Ga year old. It consists of 

two separate chambers [12], one about 7 km long 

NW-SE orientation, visible in the massifs of the 

Nittis, Kumuzhia and Traviannaya (NKT) 

mountains, which also contains the Dunite 

Block. The second chamber with a length of 

about 9 km is arranged in the direction of W-E 

with visible hills of Spocha, Nyud and Poaz. This 

intrusion contains Cu-Ni-Fe sulphide ores 

(having a stranded, nested-inclusive and massive 

character). These deposits were the subject of 

research at the beginning of the twentieth 

century, contributing to their operation and 

processing. At the end of the twentieth century, 

the chromite deposits associated with the Dunite 

Block were also discovered, and at the turn of the 

20th and 21st centuries, PGE mineralization was 

discovered. Ores are also accompanied by 

selenium, cobalt and tellur [14]. The total 

thickness of the massif varies from 200-1000m 

and up to 1600m under the Sopcha mountain 



 
11 | Huber M, Mokrushin A.V, Nieradovski Yu N., Skupinski S.| Geochemistry and evolution of spinels from PGE 
layered basic –ultrabasic early Proterozoic intrusion of Monchepluton in Fennoscandian Shield, Kola Peninsula. 

Geo-Science Education Journal 2018; 1 (6): 10-27 

[12]. Detailed analyzes make it possible to 

distinguish three zones of the massif structure: 

peridotite, bronzitite and norite (fig 1). There are 

rocks such as dunites, harzburgites, 

orthopiroxenites, as well as norites, gabronorites 

and gabbro-anorthosites [3,7,13]. Spinel 

mineralization occurs in the discussed ultra-

basic rocks, being a cumulative character as in 

the case of chromities and an accessory as in the 

case of other rocks. The aim of this article is to 

approximate the characteristics of these works 

and to study spinels in an attempt to determine 

the nature and evolution of the magma 

environment, which contributed to the creation 

of this intrusion. 

 

2. METHODS 

 

Field work was carried out in 2012-2018, rock 

samples were collected, which were examined 

microscopically and then analyzed in a micro-

area using the Hitachi SU6600 scanning electron 

microscope at the Department of Geology and 

Protection of Lithosphere at the Faculty of Land 

Sciences of the Spatial Economy of the Maria 

Curie-Skłodowska University in Lublin . 

Spinels from the following massifs were 

investigated: from the ultra-basic chromites and 

dunits of the "Dunite Block", where 253 

analyzes were performed in 40 spinel crystals 

from the Traviannaya region ultra-basic rocks 

(fig 1), where 84 analyzes were made in 12 

spinel crystals. Chromite samples from the 

Sopcha region were also collected (185 analyzes 

in 24 spinel crystals) as well as from the Nittis 

mountains (34 analyzes in 15 crystals), Njud (50 

analyzes in 8 crystals). 

 

Fig 1. Geographical sketch of Monchepluton showing the sampling shown in the text. 

3. RESULTS 

 

In the Dunite Block there are ultra-basic 

rocks represented mainly by cumulated olivine, 

chromite with intercumulative pyroxene. These 

rocks are exposed at the eastern slopes of Mount 

Nittis where there is a small quarry, revealing 

these works. The discussed chromitites (sample 

49MON17, fig 2c) of steel gray color, create 

horizontal "layers" with a thickness of several 
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cm reaching a few meters that rhythmically 

overcame with other types of rocks. In the 

microscopic picture, the background of the rocks 

is taken by subhedral, twinned chromites, 

sometimes broken and sometimes oxidised 

(hematised). In the non-polarized light they have 

a brownish color, which may indicate a reduced 

content of chromium at the expense of 

magnesium and iron. They contact each other 

with edges creating a dense rock background 

complex, but there are places where between 

these grains one can see other crystals, forming 

a poiilitic structure for chromites or even an 

enclave of femic minerals where silicate 

minerals are concentrated in the nest form. 

Between them, in small intergranular spaces 

(limited by chromites) or in places where there is 

more space, it present a serpetinised olyvines. 

The process of serpentinization is advanced in 

various ways and there are highly jagged crystals 

where relics of olivine can be found, but 

secondary products dominate. These olives are 

accompanied by opaque minerals mainly in the 

form of magnetite. In the transition zone where 

the volume of chromites decreases olivines begin 

to dominate creating a rock background. 

Between the chromite grains in the vicinity of 

olivines, small clusters of epidote appear. In the 

massive zone, olivine is made up of nested 

enclaves, together with the chromites, making a 

cumulative phases. In the interiors of these 

minerals orthopiroxes appear, creating an 

interstitial ophite structure.  

 

  

  

Fig 2. Microphotograph taken using an polarized microscopy in cross (a, c, d) and reflected light 

(b) of dunites (a, b) chromitite (c) and harzburgite (d), samples: a,b: 52MON17, c: 46MON17, d: 

49MON17.  

A                                                        B 

 

 

 

 

 

C                                                        D 



 
13 | Huber M, Mokrushin A.V, Nieradovski Yu N., Skupinski S.| Geochemistry and evolution of spinels from PGE 
layered basic –ultrabasic early Proterozoic intrusion of Monchepluton in Fennoscandian Shield, Kola Peninsula. 

Geo-Science Education Journal 2018; 1 (6): 10-27 

These minerals are much larger than the 

already mentioned chromites, crystallizing in the 

spaces between these grains and bonding them 

together. In the non-polar light, they show a 

positive relief, although much smaller than the 

chromite grains, as well as a characteristic grid 

of cracks. Pleochroism is basically invisible, 

difficult to identify, especially in close proximity 

to chromites. In the rock, there are also micro-

fault zones, sometimes with slip zones and 

crushing minerals. They are filled mainly with 

serpentine minerals and small amounts of talc. 

The rocks are accompanied by dunites that 

macroscopically have a greenish-black color. 

Dunites (sample 52MON17, fig 2a, b) occur both 

as interlayered in chromitites and as independent 

rocks that build the discussed block. The 

microscopic image is dominated by euhedral 

crystals of olivine, cracked with a serpentine 

mesh, though not as strongly as in the case of 

chromite. These crystals are sometimes even 

large in size reaching the minimetres. These 

crystals exhibit a certain optical zonality 

probably associated with different domains of 

domains. They are accompanied by numerous 

chromite grains, which in this rock is opaque and 

has more rounded shapes than in the discussed 

chromite. 

However, it also crystallizes in the olivine grains 

and in its interstices, which means the 

comagmatic ratio of these minerals to each other. 

Chromite grains could have been formed only a 

short time ago and serve as condensation nuclei 

for crystallizing silicates, they could also be 

separated in parallel with olivine, formed in the 

form of measuring the ore from the silicate. In 

the vicinity of these minerals there are small 

single crystals of orthopiroxenes. These single 

crystals occur in the vicinity of olivine and are 

surrounded by crystallizing in their interstices, 

pressed between adjacent olivines. In the rock, 

there are also single enclaves of serpentine 

minerals and secondary chalcedony, and the 

mesh of olivine cracks takes on the direction of 

many grains reflecting the rock stresses. Another 

type of rock is olivine harzburgite (49MON17, 

fig 2d), macroscopically dark green rock. In the 

microscopic image olivine crystals having 

dominant role. They are relatively large grains, 

bearing the characteristic mesh of cracks 

resulting from their serpentinization in various 

ways of contacting the cumulus rock. Against the 

background of olivine crystals, there are 

euhedric chromite grains, opaque in the 

transillumination mode, often forming a 

polisynthetic twinning occurring in the form of 

multi-grain aggregates. The nature of chromites 

is similar to that of the dunite sample, indicating 

the origins of the commemorates with olivines. 

Together with olivine grains also appear 

orthopiroxenes, sometimes growing in some 

olivine. Orthopiroxes are sometimes subject to 

uralytization, showing small crystals of 

actinolith developing in the border zone of these 

crystals. These minerals in some places have 

traces of reaction crowns built of serpentine and 

chlorites, in the middle of which talc occurs. 

Along with the products of olivine decay, there 

are also magnetite crystals usually located in 

serpentinization zones at the edge of olivine 

grains. Talcum in the reaction zones is 

accompanied by small amounts of carbonates. 

Another sample (56MON17) collected from the 

Dunite Blok area is plagioclase harzburgite. It is 

a green-gray rock with a macroscopically-visible 

poi-gray-granular structure, highlighted by the 

plagioclase grains surrounded by reaction zones. 

In the microscope image, olivines dominate, 

forming crystals up to several mm in size. Along 

with olivines, also euhedric polysinthetic 

twinned chromite crystals appear, sometimes 

creating several grain aggregates. Among the 

olivine crystals there are orthopiroxes, 

sometimes olivine or replacing them. The 

orthopiroxenes in the rocks in question 

sometimes create a zonal construct with 

differently optically oriented domains. Olivines 

are spirited up, in the mesh of cracks between the 

serpentine crystals, talc aggregates also appear. 
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In such places there are also grains of magnetite, 

often irregular shapes, developing usually in 

buried areas of olivine in the neighborhood with 

their growing serpentinization. 

 

Fig 3. Results of the planimetry of rocks samples, collected in Monchepluton. 

 

Magnetite also occurs in the fracture zone of 

orthopyroxenes. In the zones between these 

silicates there are well-readable reaction crowns 

probably built of tremolite in which there are 

single insulated plagioclase crystals showing 

characteristic polytesne distortions. They are 

sometimes accompanied by small crystals of 

clinopyroxenes. The results of planimetric 

studies of these rocks indicate similar results 

(Fig. 3, Table 1). In all tested samples from this 

block, the amount of chromites is significant, the 

highest in chromite. Olyvines also play a 

dominant role, with the help of orthopyroxenes. 

Clinopyroxenes are a small admixture, like other 

minerals. 

 

Spinels from the Dunite Block. Analyzing the 

data obtained from the research in the micro-

area, it can be concluded that the average of the 

many chromite crystals shows a similar content 

of magnesium and aluminum with an increase in 

the content of chromium and iron in the central 

parts of minerals. Analyzing the curves of 

individual minerals, two populations with 

elevated ironiness and increased chromium 

content are visible. Richer in chromium and less 

rich in iron were spinels originating from 

chromite (sample 46MON17, fig 4). These data 

are also confirmed by the tables with results 

contained in the analysis and graphs depicting 

the chemical composition of individual areas in 

selected chromite minerals, obtained by means 

of analyzes in the micro-area. Analyzing these 

graphs, there is a certain rhythm of Cr and Fe 

content in the studied chromites, with the 

tendency of increasing the share of chromium as 

it moves away from the crystal boundaries at the 



 
15 | Huber M, Mokrushin A.V, Nieradovski Yu N., Skupinski S.| Geochemistry and evolution of spinels from PGE 
layered basic –ultrabasic early Proterozoic intrusion of Monchepluton in Fennoscandian Shield, Kola Peninsula. 

Geo-Science Education Journal 2018; 1 (6): 10-27 

expense of the iron share, and two chromite 

populations are also visible. 

 
 

 
 

Fig 4.  Variability of magnesium (a), aluminum (b), chromium (c) and iron (d) content obtained at the 

grain boundary (pt.1) and their center (pt.7) of the micro-area analyzes from the Dunite Block spinels. 

 

Rocks and spinels from Traviannaya. Several 

rock samples containing spinels have been 

revealed in the Traviannaya region. This massif 

at the eastern foothills consists of 

orthopiroxenites, which in the northeastern part 

of the summit ridge are transformed into 

harcburgites containing dunite xenolites. These 

rocks connect with each other in a tectonic 

manner, where the boundary is defined by faults 

made of talc shists accompanied by numerous 

veins of dolerites. Collected samples containing 

spinels belong to a lot of rocks that can be 

included in transitional forms between 

orthopiroxides and harzburgites. A sample of 

olivine orthopyroxenite (66MON17) in the 

microscopic image of the rock background 

builds crystals of orthopyroxenes, which have a 

size of up to several mm. These minerals have a 

xenomorphous ovoid shape, touching each other. 

Chromite crystals have xenomorphic shapes, are 

generally of small size and are located mainly in 

the space between orthopiroxenes. Research in 

reflected light shows that they often have a zonal 

structure, highlighted by the presence of a 

circumference enriched with iron oxides at the 

expense of chromium. In the spaces between the 

crystals of the orthopiroxenes there are clusters 

of actinolite, epidote and talc. They resemble the 

shape of olivine grains that could have been 

found in this place. These minerals are part of the 

cumulative rock. Between them there are small 

admixtures of clinopyroxenes, which make an 

intercumulate phases. Along with the appearance 

of secondary phases in the rock, there are also 

A                                                        B 
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small magnetite grains of clinopyroxenes along 

with the products of uralitization (actinolite) 

appear in the zones of orthopiroxene fractures. 

The next attempt (77MON17) is represented by 

harzburgit. Background rocks build 

orthopyroxenes along with olyvines. 

Orthopyroxene have a xenomorphic shape, like 

olivine and a size of up to several mm. The 

olyvines show cracking and are usually 

serpentinized. In the vicinity of these minerals, 

iron oxides (magnetite) also appear. In the 

vicinity of olyvines and orthopyroxenes, there 

will be clinopyroxene crystals, sometimes also 

creating diablastic overgrowth. clinopyroxenes 

is accompanied by minerals actinolite and 

serpentine along with secondary chalcedony, 

whose aggregation can be seen in the grain space 

between the crystals of orthopyroxenes and 

olyvines. Small amounts of carbonates were also 

noticed in the rock. In the rock, sulphides in the 

form of pyrite, chalcopyrite and pentlandite are 

also visible. Planimetric analysis showed here 

that the orthopyroxenes in the rocks are 

important, the number of which is dominant in 

the rocks, but also some olyvines and chromites 

are visible, building a cumulative phase in these 

rocks (Fig. 3, Table 1). There is also a certain 

amount of minerals such as clinopyroxenes and 

other phases such as amphiboles, plagioclases 

and sulphides.

  

  

Fig 5. Microphotograph taken using an polarized microscopy in cross (a, b, d) and reflected light 

(c) of the olivine orthopyroxenite (a) and harzburgite (b-d) rocks, samples: a: 66MON17, b-d: 

77MON17.  

Analyzing research data in the micro-area of 

spinel minerals from the openings located in the 

Traviannaya mountain, they found the variability 

of the occurrence of iron and aluminum 
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confirming the increase of iron and iron in the 

border zone of the crystal and aluminum and 

chromium in its center. The variable proportions 

of these elements were noticed not only in the 

spatial distribution of crystals as well as in the 

crystals themselves that differed from each other 

in terms of the content of these metals in the 

whole grain (Fig. 6). The diagrams for individual 

chromite grains as well as the results of 

individual analyzes in the micro-area in the 

annex show this. 

 

 

  

Fig 6. Variability of magnesium (a), aluminum (b), chromium (c) and iron (d) content obtained at the 

grain boundary (pt.1) and their center (pt.7) of the micro-area analyzes from the Traviannaya spinels.  

Rocks and spinels from Nittis. In the area of the 

Nittis mountain there are mainly 

orthopyroxenes, among which various 

secondary processes are developed, associated 

with hydrothermal veins and tectonic splits, 

containing veins of dolerites. The example of 

websterite from thse area is sample 29MON16 

(fig 7). In this microscopic image, the 

background alternates between ortho- and 

clinopyroxenes, which have oblong shapes, 

touching each other to form a cumulus phase. 

Between these crystals, in the interstices, there 

appear additional crystals of orthopyroxenes, 

which form this time intercumulus, obliterating 

seeds of ortho- and clinopyroxenes. Planimetry 

studies have shown the dominant role of 

orthopyroxenes and the variable share of 

chromites (the largest in web-based) in these 

scales. Associative minerals such as 

clinopyroxenites, amphiboles and others are 

sometimes significant admixtures in these rocks. 

In addition, in this case, single crystals of 

plagioclases appear in some of the cumulus 

intergrowth zones. Their total volume does not 

exceed 5% but they are visible and legible in the 

discussed rocks. In this sample, single crystals of 

magnetite appear in the area of pyroxene 

fractures. In this rock sample, just single 

xenomorphic chromite seeds, having a zonal 

character, usually placed in the vicinity of 

orthopiroxenes and zirconium crystals found 

mainly in the crystals of clinopiroxenes appear. 

In addition, epidoteization and uralization zones 
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develop in ortho-piroxenes underlined by the 

occurrence of single actinolyte crystals. 

  

  

Fig 7. Microphotograph taken using an polarized microscopy in cross (a, b) and reflected light 

(c, d) of the websterites, samples: a,c: 27MON16, d: 29MON16.  

The 28MON16 sample is still formed, in which 

there are secondary prehnite-actinolite veins. 

The rock is made of clinopiroxenes, which have 

a xenomorphous shape, reaching a few mm in 

size, touching each other. In the space of 

orthopiroxene crystals one can find single 

xenomorphic chromite crystals, which together 

with orthopiroxenes form a cumulus rock. 

Silicate minerals often have traces of cracking 

and in these zones actinolite and magnetite 

crystals appear. In addition, very small and few 

clinopiroxene crystals appear in the 

interkumulus zone. There are also spaces filled 

with serpentine minerals in the rock. In the zones 

adjacent to the veins, clinopiroxetins develop at 

the expense of orthopiroxenes, sometimes 

replacing them altogether. There is also 

actinolite, aggregates of magnetite grains and 

single carbonate crystals. In the vein zone, 

actinolite, epidote, talc, carbonates, serpentine 

minerals and prehnite crystals appear. The latter 

mineral crystallizes perpendicular to the 

boundaries of the vein, forming radial and 

palisade aggregations. In these zones you can see 

the clinochlor crystals. These relationships 

between the presented rocks are also illustrated 

by the graph in Fig. 3 (tab 1) obtained by means 

of planimetry. Analysis of your graph indicates 

that in the discussed slopes of the mountain, 

orthopiroxenites occurring have a different share 

of inter-cumulative minerals and even 

amphiboles. By studying the minerals from the 
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Nittis region, it is possible to show a significant 

variation of the share of iron and chromium and 

aluminum in the studied crystals in relation to 

each other. Many crystals also show an increase 

in the aluminum content at the expense of iron 

and magnesium at the center of the crystal 

compared to its boundary zones. Studies in the 

micro-area of individual crystals in the annex 

show a high variability of their chemical 

composition (Fig. 8). There are both high-ferrite 

spinels and those that have a higher proportion 

of chromium. In addition, also among the 

spinels, the rhythmic rhythms reach much higher 

fluctuations, which is well illustrated in the 

graphs below and in the article's annex. 

 

 

 
 

Fig 8. Variability of magnesium (a), aluminum (b), chromium (c) and iron (d) content obtained at the 

grain boundary (pt.1) and their center (pt.7) of the micro-area analyzes from the Nittis spinels.  

Rocks and spinels from Nyud. In the case of 

rocks that built the Njud massif in which 

chromites were found, two samples were tested: 

16MON17 (websterite, fig 9) and 18MON17 

(amphibolised pyroxenite, fig 9). In the 

websterite sample discussed above, the clusters 

dominate by creating large jagged crystals, 

touching each other, creating a rock background. 

In their neighborhood there are clinopiroxines, 

often with small magnetite lamellas located 

within the crystal, which are arranged in 

accordance with the natural cleavage net. 

Euhedral crystals of zonal chromite are visible 

within these minerals, sometimes also with 

jagged borders that have the effects of corrosion. 

These minerals form cumulus rocks. Within the 

pyroxenes, you can also see zirconium grains. 

Interkumulus builds smaller clusters of 

clinopiroxes, placed in the space between the 

above-mentioned minerals. On the border of 

orthopyroxenes, there are also single quartz 

crystals. In the case of amphibolised pyroxene in 

the microscopic image, the diablastic, poikilitic 

and symplectic structure is visible. Mafic 

minerals are frayed, deformed, in their vicinity 

and in themselves develop many phases of a 

secondary nature. The background of the rocks 

are jagged, deformed (darkening wavy), wired 
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crystals of orthopyroxenes. They have a size of 

up to several mm. In their vicinity there are much 

smaller crystals of clinopyroxenes. 

  

  

Fig 9. Microphotograph taken using an polarized microscopy in cross (a, b) and reflected light 

(c, d), of websterites (a,c) and amphibolised pyroxenites (b,d), (samples: a,c: 16MON17, b,d: 

18MON17).  

In their vicinity there are many ore phases 

represented by magnetite, rutile, titanite. There 

are also chromites with an extremely jagged 

border, a zonal character, being enriched with 

iron at the expense of chromium in the border 

zone. In the rock there are also crystals of 

actinolite, epidote and chlorites, as well as small 

cyanite crystals accompanying the mentioned 

phases. Magnetite minerals often have a skeletal 

structure, demonstrating the crystallization 

associated with the dissolution of solid solutions. 

They are accompanied by crystals of acidic 

plagioclases, microcline, and talc. In the vicinity 

of the magnetite crystals, there is a pleochroic 

halo showing the escape of iron oxides to the 

surrounding phases. These relationships between 

the presented rocks are also illustrated by the 

graph in Fig. 3 (tab 1) obtained by means of 

planimetry. It also exposes a large amount of 

inter-cumulative minerals in the discussed 

scales. Analyzing the chromites from the Njud 

region, one can show a relatively high iron 

content in relation to chromium, aluminum and 

magnesium. In addition, the amount of 

magnesium falls in the zones arranged between 

the center and the boundary of the crystal, 

allowing an increase in the content of chromium 

and aluminum (Figures 10). In the central part, 
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the iron content in the discussed chromites 

generally decreases. The tests in the micro-area 

of individual crystals in the appendix show the 

high ironiness of the discussed spinels and the 

visible rhythm of Fe variation at the expense of 

Cr, which is shown below and in the annex of the 

article.

  

  

Fig 10. Variability of magnesium (a), aluminum (b), chromium (c) and iron (d) content obtained at the 

grain boundary (pt.1) and their center (pt.7) of the micro-area analyzes from the Nyud spinels.  

Rocks and spinels from Sopcha. Samples 

collected in the discussed place represent 

orthopyroxenite (39MON16, 42MON16, 

43MON16, 44MNO16) web-sites (38MON16, 

45MON16). A typical example of 

orthopyroxenite is the 39MON16 sample, the 

macroscopic greenish-green color of the 

"granular" structure, weathering in a systematic 

manner by exfoliation, and the formation of rock 

groove regolith mainly made of pyroxenes. In 

the microscope image, orthopyroxene dominate, 

large crystals up to several mm in diameter, 

oblong, xenomorphic, touching each other, 

forming cumulus rocks. Orthopyroxene  are 

polysynthetic twinned, bearing traces of foults, 

often oriented parallel to the stresses in the rock. 

The chromites found in their vicinity and in the 

vicinity have a remarkably xenomorphic shape, 

show a jagged, developed border, which 

indicates the corrosion of these minerals. They 

are also repeatedly zonal, which indicates the 

enrichment of their peripheral parts with iron at 

the expense of chromium. Chromites and 

orthopyroxenes are a cumulative phase in the 

discussed rocks, although the location of 

chromites may indicate that they were inherited 

from the earlier phase of the evolution of the 

alloy. Sometimes, apart from chromites in the 

discussed rocks, magnetite also appear in the 

zones of development of fractures in 

orthopyroxenes and sulphides. Among the 

orthopyroxenes there are also single zones of 

occurrence of serpentine and talc minerals, 

perhaps showing the presence of single olivine 

crystals in the discussed rocks. Chromites also 

meet in the vicinity of these zones. In the 
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interactions of these minerals, there are 

clinopyroxenes, having an ophthalmic-

interstitial structure, fouling crystals of 

orthopyroxenes, bonding them in the rock. 

Despite this character, clinopyroxenes form a 

small additive in the sample, constituting only 

about 5% of the volume of the discussed rock. 

Single grains of zircon and epidote and actinolite 

appear in the rock. Orthopyroxenite (43MON16 

sample) taken from the slopes of the Sopcha 

mountain has a gray-green color. The visible 

microscopic image is formed as large oval grains 

in contact with each other. They often exhibit 

frequent polisynthetic twinning, similar to the 

previously described cases. They are 

accompanied by xeromorphic large chromite 

crystals showing a zonal structure, enriched with 

iron in the border zone. Chromites are usually 

located in the vicinity of orthopyroxenes forming 

a cumulus rock. In the interiors of these minerals 

and in the interiors of the discussed silicas, 

clinopyroxene appear. Their amount is rather 

small, limiting the occurrence of only a few 

small crystals. In the vicinity of these minerals 

magnetite grains also meet. Some of them are 

surrounded by hematite and in their vicinity you 

can see minerals of chlorites and epidote. In the 

case of the second orthopyroxenite trials 

discussed, the orthopyroxenite crystals also 

constitute the background of the rocks, they are 

oval and come into contact with each other. They 

are accompanied by clinopyroxene also as an 

intermolecular phase filling the spaces between 

orthopyroxenes, bonding them together. These 

minerals in the discussed rock constitute a 

slightly larger share also due to the larger spaces 

that occupy the intercumulative phases. 

Numerous magnetite aggregates are also visible 

in their vicinity. These minerals are 

accompanied by talc and actinolite growing in 

the interoptics of orthopyroxene together with 

the epidote, chlorites and serpentine minerals. In 

addition to these minerals, the existing chromites 

usually have anhedral, single crystals, located in 

the space between orthopyroxenes. Numerous 

sulphide minerals represented mainly by pyrite, 

chalcopyrite and pentlandite are also visible in 

this rock. The next orthopyroxenite (42MON16, 

fig 11) has a significant share of clinopyroxenes, 

placing it on the border with the websterite. The 

background of the discussed rock is filled with 

clinopyroxene having round shapes, size of a few 

mm and touching each other. In addition, as in 

the previous examples, they are identical in 

terms of polythene. In their interactions 

clinopyroxene appear as an example of an 

intercumulative phase. In the intergranular 

spaces of orthopyroxenes, serpentine minerals 

are also noticed. At the border of orto- and 

clinopyroxene, there are reaction crowns 

highlighted by the occurrence of the epidote, 

actinolite and hornblende. Among 

orthopyroxenes, lamellar magnetite crystals, 

usually arranged parallel to the natural network 

of cracks of the parent mineral, develop. In this 

rock, the crystals of chromite are found in the 

neighborhood of cumulative minerals with 

anhedrally shaped crystals. Small amounts of 

sulphides represented mainly by pentlandite 

were also observed in the rock. In the case of 

sample bearing No. 38MON16, the rock 

background is also represented by the grains of 

orthopiroxenes, which have been developed as 

discussed above, but clinopyroxenes constitute a 

much larger volume fraction of the rock, 

classifying it rather as websterite. The rock is 

macroscopically greenish with shades of light 

and dark green. In the microscope image 

orthopyroxenes are still a large advantage, 

however, clinopyroxenes more, creating a more 

complex intercumulus, surrounding the 

discussed minerals clinopyroxenes sometimes in 

the form of aggregates of these minerals, occupy 

larger spaces, contact each other, surrounding 

the crystals of orthopyroxenes. And in these 

rocks there are enclaves built of serpentine and 

talcum, although in this case they seem to 

develop at the expense of orthopyroxenes. In this 

case, also iron oxides appear in the form of 

magnetite grains, with the character of 
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aggregates located at the interface of these 

enclaves with orthopyroxenes. The small 

chromite crystals present also in this rock have a 

xenomorphic shape, with a strongly jagged 

boundary, with a zonal structure. There is a small 

transition zone with a reaction crown on the 

border between orto- and clinopyroxenes. 

Among the accessory minerals one should also 

mention single zirconium minerals in the 

secondary zone, the actinolite crystals develop.  

Simillary are the another websterite sample 

(45MON16, fig 11) In the background of the 

rock there are also orthopyroxene, which often 

have strongly jagged borders, around which 

numerous secondary minerals develop. With 

them, there are also clinopyroxene, forming 

large crystals. Accompanying them are euhedral 

chromites of several mm in size, with visible 

zonal structure, although in the same scale there 

are also those minerals with jagged borders, also 

exhibiting zonality. 

  

  

Fig 11. Microphotograph taken using an polarized microscopy in cross light of the orthopyroxenite (a, 

b) and websterite (c,d), (samples: a: 42MON16, b:43MON16, c,d: 45MON16). 

In the spaces between these phases there are 

numerous minerals of epidote, chlorites and also 

ordinary hornblende enriched with the 

tshermakite molecule. In the vicinity of these 

minerals, magnetite and numerous sulphides, 

such as pyrite, chalcopyrite and pentlandite, are 

also commonly found in this rock. Also visible 

are adhesions of sulphide minerals directly 

associated with chromites. Iron minerals also 

form small aggregates in the background of 

common hornblende. 

Planimetry studies (Fig. 3, tab. 1) showed that 

orthopyroxenite and ore minerals, especially 

magnetite, play a dominant role in these scales. 
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In some rock samples, there are also large 

admixtures of clinopyroxenes (especially in 

websterite, fig 12). Analyzing the results of 

research in the micro-field of minerals from the 

region of Sopcha one can say that the content of 

iron and aluminum is different. The ironiness of 

these minerals usually increases in border zones 

and the share of aluminum grows in the zones of 

central minerals. The share of magnesium and 

chromium shows less variations in the crystals 

themselves, showing some variability in the 

individual phases. Analyzes in the micro-area of 

individual spinel crystals showed a variable 

share of iron content. Two population of spinels 

are indicated: high and low-iron.

 

  

  

Fig 12. Variability of magnesium (a), aluminum (b), chromium (c) and iron (d) content obtained at the 

grain boundary (pt.1) and their center (pt.7) of the micro-area analyzes from the Sobcha spinels.  

 

4. DISSCUSSION  

 

Samples of rocks from the described massifs 

show many similarities. Comparing rocks from 

Dunite Block, Traviannaya Mountain, and other 

massifs, one can observe the transitions of rocks 

from more ultrabassic to olivine-chromite 

mullets (Dunite Blok), through olivine-ortho-

pyroxene rocks (Traviannaya), to 

orthopyroxenites (other massifs discussed in this 

text). As an intercumulative mineral, 

clinopyroxene and plagioclase appear. In these 

massifs, however, these phases are rare and their 

appearance is usually associated with the 

development of secondary processes of a 

tectonic and hydrothermal and metamorphic 

nature. These minerals are accompanied by 

amphiboles, chlorites, epidote as well as 

actinolite, serpentine, talc and, in some cases, 

cyanite. In all the discussed blocks, sulphides 

appear in different proportions and with them 
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also PGE minerals, mainly palladium and 

platinum. The sequences of the examined rock 

samples indicate the evolution of the magma 

alloy from the more ultrabasic to the peridotite to 

the gabbroides (not described here). Minerals of 

spinels examined in the discussed rocks have 

many similarities to the discussed works. The 

Dunite Block contains spinels containing a large 

amount of magnesium (see the graph below), and 

classic chromitospinels to have an increased and 

variable iron content in the remaining scales. In 

the latter, they often bear traces of corrosion and 

the zonal structure resulting from enriching them 

with a magnetite molecule at the chromite cost. 

This is reflected both in microscopic studies and 

optical properties of the studied minerals 

(translucent in chromite, zonalne in reflected 

light in other rocks) and the proportions of the 

elements Mg, Cr, Fe, Al. As shown in the 

research in the micro-area. 

The analysis of ions included in spinels from 

the Dunite Block has two populations: richer in 

Mg and in Cr and Fe. In this first iron-related 

lesion may be associated with homovalent 

diadochia where Mg2+ ions are exchanged at Fe2+ 

cost and in the second case heterodenty 

diadochia occur where Fe3+ is also a factor of 

change, also in exchange for Cr3+. The situation 

is similar in the hamsters from the Traviannaya 

region, where the Mg2+, Cr3+ ions and probably 

Fe2+ and Fe3+ are replaced simultaneously. In the 

spinels from Nittis there is a change mainly in 

the additions of Ce3+ and Fe3+ ions, similarly as 

in the samples from Sopcha, while in the Nyud 

region the share of Cr, Mg, Fe seems to be fairly 

constant and slightly fluctuating in Fig 13). 

These relationships are also illustrated well 

by the diagrams in Figures 13-19, showing the 

high variability of Mg, Al, Cr and Fe in spinelies 

from the Dunite Block, corresponding to the 

molecules of magnesiochromite, spinel and 

chromite as well as magnetite. Moreover, in this 

block, the admixtures of ulvospinel and ilmenite 

(0.67-3.49 wt. % of Ti) were found several times, 

and one of the points was also V2O5 (0.7 wt. % 

of V). The MgCr and FeCr spinels correspond to 

the magnesiochromite and chromite particles 

found in the Traviannaya massif. In this massif, 

the admixtures of ulvospinel and ilmenite (0.7-

1.53% by weight of Ti) and in one case of 

jacobsite (1.54  % by weight of Mn) were also 

common. In the case of Nittis, additionally 

FeAlCr, which corresponds to herzynite and 

chromite. In addition, there were twice stated the 

addition of jacobsite (2.12 and 1.33 wt. % Mn) 

and once with ulvospinel (0.41 wt% Ti). FeCrMg 

magnetite, magnesiochromite, magnesio-ferrite 

and chromite for Nyud were also found, and in 

the case of Sopcha MgCrAlFe, which 

corresponds to the magnesiochromite, chromite, 

megnesioferrite, herzynite and spinel (Figures 

14-19). In the Nyud massif relatively frequent 

admixtures of ulvospinel and ilmenite (1.62-

3.62% by weight Ti) were found, whereas in 

Sobcha the ulvospinel admixture was found 

twice (0.71-0.99% by weight of Ti) and jacobsite 

one time (2.33 wt% Mn). 

The evolution of the alloy affected the 

chemical composition of these spinels as well as 

their chemistry and corrosion, which can be 

associated with metasomatic processes. As a 

rule, where rocks are more primary, spinels have 

more magnesium (as in the case of chromitics) 

and chromium and secondary processes caused 

their corrosion and enrichment into a magnetite 

molecule. While the nature of spinels in the 

discussed blocks usually indicates a 

correspondence relationship with the evolution 

of parent rocks, the chromites of their 

differentness may indicate the injection of a 

primitive alloy of a different character in which 

different geochemical properties of these 

minerals are marked. This hypothesis can be 

confirmed by the fact that only in this block can 

two spinel populations be found, with one of 

them sticking out from the models of evolution 
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of these minerals in the rocks of the other blocks 

of the massif discussed. 

Tectonic processes contributed to the 

transformation of rocks facilitating the diffusion 

of elements and phase transformations enriching 

them in clinopyroxene, chlorites and epidote, 

hydrothermal factors enriched them with 

actinolite, processes of serpentinization and 

sulphide mineralization while metamorphic 

factors enrichment in amphibole, magnetite, 

titanite and rutile, plagioclases and cyanite. This 

led to the creation of websterites in some places 

where orthopyroxenite occur in the form of 

inserts. And metamorphism contributed to phase 

changes. Hydrothermal and metasomatic 

products have also contributed to the enrichment 

of these rocks with small amounts of carbonates 

and plagioclases. 

Geochemical studies obtained using the XRF 

technique confirm the above discussion. In the 

discussed rock types there is variability of main 

elements such as the content of Fe, Mg, Ca, Na, 

Si connected with the occurrence of such as 

olivine, ortho- and klino-pyoxene phases 

affecting the content of these elements. The 

variability of the proportion of metals such as Ni, 

Cu Fe, and Cr, corresponds to the presence of 

different amounts of sulphides in them. In 

addition, there are differences in the content of 

Ti, Mn, Fe associated with oxides and silicates 

of these minerals. In these scales there are also 

numerous admixtures such as Zn, Pb, As, Ba 

indicating the phases associated with 

hydrothermal processes and Rb, Sr, Se, Yb and 

Zr related to alloy evolution and contamination 

of supracrust components during the kinematic 

phase. 

5. CONCLISION  

 

These massifs show the evolution of the 

Monchepluton igneous intrusion, which is 

reflected in petrography of rocks and the spinel 

minerals themselves [1,2]. Also visible in them 

are phase and geochemical sequences related to 

tectonic, metamorphic, metasomatic and 

hydrothermal processes. The discussed spinels 

show the variability of character and 

composition depending on the rocks in which 

they occur, behind the chromitites their 

evolution rather adapts to the parent rocks. In 

chromitites, the occurring chromites indicate a 

new injection of more primitive magmas [8-

11,15]. This indicates an additional significant 

aspect of the magma evolution of the massif in 

question. 
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ABSTRACT 

 

 It was performer an micro-analysis of the 

pyroxenes, olyvines, and biotite, talc, 

serpentines minerals analysis. We was show a 

rhythmic fluctuations of Mg.Fe ratio in these 

minerals. There are present an a multistage of 

crystallization of these minerals and their 

condition after numerous secondary processes 

during in these massifs. 

KEYWORDS: mafic silicates, opx, cpx, biotite, 

olyvines, Monchepluton. 

1. INTRODUCTION 

 The Monchepluton massif is located in the 

area of the Kola Peninsula, within the 

Fennoscandia shield. It is built of several massifs 

that include Traviannaya, Kumuzhia and Nittis 

(NKT) as well as Sopcha, Nyud, Poaz, 

Vuruchenayvench and several other smaller 

instances of rocks such as the Dunite Block [10-

14]. This intrusion is characterized by the 

presence of alkaline and ultrabassic rocks. In the 

area of Dunite Block there are orthocumulate of 

olivine - chromite, in Traviannaya olivine - 

orthopiroxene, in the region of Nittis, 

orthopiroxene Sopcha, in Nyud orthopiroxene - 

plagioclase and in Poaz orthopiroxene - 

clinopyrioxene with plagioclase to turn in the 

region Vuruchenayvench to cumulate 

clinopyrioxene – plagioclase [7-9]. In the 

mentioned massifs there are such rocks as 

dunites, chromitites, harzburgites, bronzitites, 

norites, gabbronorites and gabbro-anorthozites, 

and in a smaller number of related rocks such as 

websterite, plagio-harzburgites, etc. (fig 1). 

 

2. METHODS 

 

Collected rock samples were collected in the 

region of the massif in question in the years 

2013-2018, and then examined with a Leica 

DM2500P optical microscope in transmitted 

light. Then, the rock samples were tested in the 

micro area using the Hitachi SU6600 scanning 

electron microscope with the EDS adapter. 

These studies were carried out at the Department 

of Geology and Litosphere Protection of UMCS 

in Lublin. 
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Fig 1. Orientation plan for Monchepluton blocks (according to [10], changed by the authors). Dark 

violet -dunites and chromitite of the Dunite Block, purple-Traviannaya harzburgites, light violet-

transition Traviannaya to orthopyroxenites rocks of Kumuzhia, gray websterits of Kumuzhia, blue light-

orthopyroxenites of Nittis, yellow -plagio-orthopyroxenite of Sopcha, blue-green gabbornorite of Nyud, 

light-green gabbro of Poaz, dark blue – gabbro of 10 Anomaly, dark green-amphibolites 

(metamorphosed gabbro-anorthozites) of Vuruchenayvench. Red lines - stormy, maroon - Critical 

Horizon and 330 Horizon. 

3. RESULTS 

 

In all types of rocks mentioned above, there 

are pyroxenes, there are also such minerals as 

biotite, serpentine, talc, and in metamorphites 

Vuruchenayvench-amphibole, titanite. In many 

places, olivine, often corroded, also meets. In the 

microscopic image, the chromitites are made 

mainly of chromite crystals loosely present in the 

rock, bonded with orthopyroxene and olyvines 

occurring in their interactions. These rocks are 

interlayered in dunites, often heavily soured, 

mainly made of olivine, usually with a far-

reaching secondary process manifested by the 

presence of chalcedony, magnesite, iron oxides, 

serpentine and talc in rock. Along with the 

olivine grains, chromite and orthopyroxene 

appear inferior. In some places there is also a 

web-net characterized by the presence of ortho- 

and clino-pyroxenes filling large spaces of the 

discussed rock, accompanied by small amounts 

of chromite as well as secondary minerals. In the 

discussed rocks, small amounts of plagioclases 

that are usually isolated from mafic minerals can 

be found, because on the latter there is a reaction 

crown composed mainly of phlogopite and talc. 

The Traviannaya massif meets harzburgites, 

mainly made of orthopyroxenes, which are 

accompanied by olivine, often bearing traces of 

corrosion. Next to them, small microscopic 

crystals of clinopyroxene are found in the 

microscopic image, often developing at the 

expense of orthopyroxenes, as well as single 

crystals of plagioclases, especially in the area of 

the occurrence of the large crystal accumulations 

enriched in sulphides at the western foot of the 
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mountain. These rocks also contain individual 

chromite grains, sometimes occurring in larger 

amounts in xenolith zones as well as olyvines. In 

addition to these minerals, these rocks also 

develop zones enriched with talc, serpentine, and 

magnesite, which sometimes lead to the 

formation of talc-serpentine shales with a pink-

brown shade resulting from scattered iron oxide 

in the rock in tectonic splits. Further to the south, 

there is a visible passage to orthopyroxenites 

(bronzitite) rocks in which numerous 

Harzburgite xenoliths are noticed. Bronzitites 

are made of closely adhering orthopyroxene 

crystals, usually up to several mm in diameter 

with oblong shapes. In addition to these minerals 

in their interactions and fissures, clinopyroxene 

develops at the expense of orthopyroxene, as 

well as iron oxides and talc. There are also single 

chromite crystals in the rocks. In the region of 

Sopot and its eastern slopes, single plagioclases 

occur in the discussed rocks. Their number 

increases significantly in the Nyud region, where 

nets and gabbroides are found (fig 2). These 

rocks are formed in the form of orthopyroxenes 

filling loosely the rock background between 

which there are plagioclases. In some rocks there 

are also gigantic wedge-like crystals, reaching 

up to several cm in size, forming porphyritic 

structure and protruding from the rock in the 

process of weathering its surface.  

 

  

  

Fig 2. Microphotographs of samples Monchepluton rocks (polarized light crossed pollars): A.. 

Harzburgite from Traviannaya, B. Orthopyroxenite from Sopcha, C. Norite from Nyud, D. 

Gabbronorite from Poaz.

A                                                          B 

 

 

 

 

 

C                                                           D 
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The orthopyroxene minerals bear the traces 

of secondary processes, usually the growth of 

clinopyroxene, and the development of 

serpentinization zones in the fracture zones. In 

the Poaz region, the occurring gabbroides in the 

microscopic image show orthopyroxene crystals 

bonded with clinopyroxene, sometimes reaching 

quite large dimensions reaching up to 1 cm, 

bonding several crystals of orthopyroxene in a 

poikilite manner occurring on its background. In 

interstions between these crystals, there are also 

plagioclases that fill the remaining space of the 

rock. Appearance also magnetite and ilmenite as 

well as sulphides. In the area of the so-called 10 

Anomalies are gabbroides made of diopside, 

often polysynthetic twinned, accompanied by 

plagioclase, and numerous nested sulphides in 

which PGE mineralization is found. This 

mineralization is also found in the above-

mentioned rocks, mainly accompanied by 

sulphides forming dispersed or nest 

mineralization and sometimes also in the zones 

of varietal and massive varieties. In the 

Vuruchenayvench area, however, there is a 

metamorphosed fireplace in the form of 

amphibolites with common hornblende, 

tremolite, quartz and plagioclases occurring in 

the background of the rock. By studying the 

arrangement of the occurrences of the discussed 

rocks, one can notice the rhythm of their mixing 

with each other. They form layers and gradual 

transitions of one to the other, and sometimes 

among the less alkaline rocks, the inserts are 

more rich in femoral minerals. For this reason, 

the intrusion in question is stratified and belongs 

to a number of known intrusions of this type, 

such as Bushweld or Stillwater. This rhythmicity 

is well-readable eg in the area of Dunitowy Blok 

where different layers of dark chromitites are 

visible against the background of light celadon 

weathered dunites or vivid green websterites. 

Similar layers are observed in orthopyroxenite 

and other rocks. For this reason, it seems 

interesting to study the discussed silicates, 

especially olivine, ortho- and clinopyroxene, as 

the most commonly found minerals in the 

discussed rocks. Their analysis in the micro-area 

shows some variability and is shown in the 

diagrams in Figure 3. 

In the case of olyvines in the discussed rocks, 

the high-temperature magnesium forstherite 

dominates, the more fertile hialosiderite appears 

more rarely, and in the rocks of the Dunitowy 

block, hortonolite. In addition, a small amount of 

calcium larnite appears in the Sopchy and 

Traviannaya scales (the proportion of the 

molecule does not exceed 10%). In the Rocks of 

Nyud and Dunitowy block there is also a small 

part of the chromite olivine molecule (fig 3).

 

Fig 3. Characteristic of the Monchepluton olyvines. 

In the case of orthopyroxenes, a certain rhythm 

is visible. While in Dunitowy Blok, Poaz, 

Sopchy and Traviannaya seem not to have such 

meaning (pyroxenes usually have a very similar 

chemical composition) with the rocks 

Kumuzhia, Nittis and Nyud, this variability 

seems to be the most intense (fig 4). In the 

discussed rocks, the highest magnesium bronzite 
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(enstatite) dominates ferrohipersten. In the 

Dunite Block, hypersthene was found in only 

one case out of 47 examined orthopyroxenes 2%. 

In the Kumuzhia massif, hypersthene accounts 

for 10% of the orthopyroxenes tested. In the 

Nittis massif, hypersthene is already 15% of the 

orthopyroxenes discussed. In the Nyud massif, 

hypersthene accounts for 5% of orthopyroxenes, 

but ferrohipersten accounts for almost 30% of 

the minerals tested. Their variability is clearly 

visible in the graph (fig 4). In the Sopcha massif, 

hypersthene accounts for 6% of all 

orthopyroxenes tested. In Traviannaya massif, 

the proportion of hypersthene is about 3% and 

ferrohipersten is 4%.

 

Fig 4. Characteristics of the orthopyroxenes.  

In the case of clinopyroxenes, their variability is 

shown in Figure 4. In the case of gabbroides 10 

anomalies dominate augite representing three-

quarters of the discussed clinopyroxenes, while 

the remaining phases are diopside (13%), 

ferrosalite (8%), and salt and hedenbergite (1%). 

In the case of Dunites Block, augite (60%) and 

diopside (33%) dominate and a small admixture 

of salite (7%). In the Kumuzhia massif, besides 

augite (84%), there is a salite (15%). The Nittis 

augite mass constitutes 58% and is accompanied 

by diopside (25%) and salite (17%). In the Nyud 

massif the variety of clinopyroxene is greater. 

Augite dominates (52%) and is accompanied by 

diopside (26%), ferrosalite (13%) and salit (9%). 

In the massif Poaz augite accounts for 94% of all 

clinopyroxenes and diopside is a small 

admixture (6%). In Sopchy augite and diopside 

constitute the same percentage of 

clinopyroxenes (44%) the remaining admixtures 

are found in eulit (9%) and salit (3%). In the case 

of Traviannaya massif, Augite dominates (76%), 

with an admixture of diopside (16%) and salite 

(5%) and eulite (3%). Analyzing the graph in 

Fig. 5, it can see a certain variation of 

clinopyroxenes in the discussed massifs. 

Relatively least changes were recorded in 10 

anomalies, Nittis and Poaz massif. However, in 

the other massifs it is much larger.

 

Fig 5. Characteristics of the clinopyroxene. 
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The occurrence of various mica in the discussed 

massifs has also been found, due to secondary 

processes or rock metamorphism. Biotite occurs 

in the 10th Anomaly massif, similarly to the 

Vuruchenayvench and Traviannaya massif 

(17%). However, the dominant feature is 

phlogopite, which participates in the reaction 

olivines of olivines and pyroxenes. 

  

  

  

Fig 6. Secondary processes in the discussed minerals. A. The iron oxides decompose with pyroxenes, 

B. microcracking together with flexural strain of orthopyroxene filled with sulphides, C. Crystallization 

of clinopyroxene at the expense of orthopyroxenes, D. Talc and chalcedony growth zones in 

orthopyroxene interactions, E. Coronal structures at the border of olivine and plagioclase, F. Prehnite 

veins - albite - tremolite - calcite in orthopyroxenites. 

A                                                        B 

 

 

 

 

 

C                                                        D 
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In addition, in the Nyud, Poaz, Sopcha, 

Traviannaya and Dunite Block massifs, talc and 

serpentine were found. Chrysotile predominates, 

accounting for 50% of all serpentine minerals, 

and lizardite is 39% and the anthygorite is 11%, 

respectively. In the tested serpentine there is 

sometimes an admixture of chromium which is 

probably between the packet admixture due to 

the presence of chromites in the tested samples. 

These minerals are found in all massifs after 

Vuruchenayvench (metamorphosed rocks) and 

gabbro 10 anomalies where serpentine is not 

present at all. In addition, prehnite was found in 

the Nittis rocks. 

 

4. DISSCUSSION  

 

These silicate minerals show some variability 

in spatial distribution in the rocks of 

Monchepluton. In the case of olivine, 

magnesium is predominant and the same applies 

to pyroxenes. Such an advantage of magnesium 

silicates may indicate the migration of iron ions, 

which were displaced from the discussed phases 

and then used to build other sulphides, for 

example. The recrystallization of femoral 

minerals is partially visible during the 

observation of rocks, as pyroxenes and olyvines 

with visible iron oxide lamellas are often found, 

which crystallized at the expense of the 

discussed phases. Secondary processes in the 

rocks are to a different extent advanced, which 

results, inter alia, from the advanced age of 

intrusion dated to 2400Ga, and close proximity 

to younger intrusions, with magmatic rocks that 

had to affect the discussed massif (Fig. 6). 

composition is nevertheless clear, which means 

that during the melting of the alloy there was a 

local delamination of rocks and oscillatory 

reactions. The occurrence of biotite in 

metamorphosed rocks and phlogopite that builds 

reaction crowns together with tremolite, talc and 

serpentine is associated with secondary 

processes that took place in the discussed rocks. 

The presence of prehnite veins in Nittis rocks 

and similar mineral associations in many 

deposits of other rocks probably indicates an 

impulse of metamorphism in fracture zones 

associated with the interaction of highly alkaline 

rocks in close proximity to pluton associated 

with the hotspot in the whole northern area of 

Fennoscandia contributing to about 40 different 

intrusions will be created. This impact was also 

demonstrated by the author for the works of the 

Kandalakasha region of the Lapland Granule 

Belt [1,4]. 

5. CONCLISION  

 

Feminine minerals that form basic and ultrabasic 

rocks are enriched with magnesium from low-

iron, which shows both the specificity of the 

alloy crystallization and secondary processes, 

which in some rocks caused iron decomposition 

and precipitation in the form of sips. The 

presence of high-temperature olyvines and their 

relatively low variability indicates a 

homogenous and hot solution creating intrusion. 

When analyzing pyroxenes, the rhythmicity 

characteristic for the differentiation of the alloy 

and delamination of its rocks characteristic of the 

above-mentioned intrusion is evident. In the 

discussed rocks there are visible, to a different 

extent, advanced secondary processes forming 

associations of the talc-tremolite-phlogopite-

serpentine that builds reactionary crowns, and 

biotite-tremolite-hornblende in the 

metamorphosed rocks Vuruchenayvench. In 

rocks with prehnite the traces of the youngest 

processes associated with the activation of the 

hot spots in the discussed region and a series of 

alkaline intrusions in the vicinity together with 

the Khibina in the vicinity of the discussed rocks 

are visible [1, 4-6]. 
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ABSTRACT 

 

 Monchepluton Paleoproterozoic intrusion 

is located in the central part of the Kola 

Peninsula and is one of a series of 

Paleoproterozoic layered intrusions containing 

PGE mineralization in the region. It is made of 

ultrabasic and alkaline rocks, which gradually 

change from one type to another. It is also 

characterized by the rhythmic variability of the 

chemical composition of the rocks associated 

with the magma differentiation of the alloy. It 

also has magmatic magnificence zones and 

primitive magma injections, which are 

characterized by chemical changes also have 

xerophytes of supracrustall rocks. In the vicinity 

there is also a number of different age intrusions 

that influenced their surroundings, also creating 

numerous dikes in tectonic zones and secondary 

processes in the discussed rocks. It is also 

reflected in the chemical composition of 

plagioclases, which show rhythmic changes in 

chemical composition and several generations of 

crystallization in the discussed rocks. 

KEYWORDS: Paleoproterozoic, Monchepluton, 

PGE Layered Intrusion, plagioclases. 

1. INTRODUCTION 

 The Monchepluton massif is located in the 

central part of the Kola Peninsula and is dated to 

the early Proterozoic [1,9-11]. It is built of 

several massifs, extending approximately 

approximately meridional: Nittis -Kumuzhia and 

Traviannaya -NKT and parallels Sopcha-Njud-

Poaz-Vuruchenayvench, with smaller intrusions 

such as Dunite Block, Moroshkove Oziero, 10 

Anomaly and other intrusion, has a total area of 

65km2 [10]. There are ultra-basic rocks, mainly 

dunites, harzburgites, websterites and 

clinopyroxenites, transforming into gabbornorite 

and anorthosite rocks. The feature of this massif 

is its layered structure and the occurrence of so-

called critical horizons possessing rocks of 

autobreccia, including xenolites of supracrustal 

rocks [10]. In the discussed rocks, Cu-Ni-Fe 

sulphide (vein, socket-inclusion and injection) as 

well as chromite deposits and PGE [2,5-8,11] are 

well-developed. In many places tectonic contacts 

and numerous faults and splits meet sometimes 

with visible zones of developed secondary 

processes and a swarm of grasses cutting 

incomprehensibly discussed rocks. In the studied 

rocks, plagioclases are usually found as an 

intercumulus mineral often in an accessory and 

small form, creating plagio - harzburgites (eg in 

the Traviannaya region), plagio - websteries or 

other rocks in which the secondary plagioclase 

does not exceed 5% of the volume. In some 

works where secondary processes have 

developed more intensively, plagioclases can 

form several generations, whereas in the region 

of gabronorytów and anortosite deposits it is an 
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important rock-forming component of these 

rocks. The aim of this work is to examine the 

chemical composition of plagioclases in selected 

massifs and to determine the regularity of the 

crystallization of this mineral in the discussed 

massif. 

2. METHODS 

 

Field work was carried out in 2012-2018, rock 

samples were collected, which were examined 

microscopically and then analyzes were made in 

a micro-area using the Hitachi SU6600 scanning 

electron microscope (low vacuum, 90s 

exposition on the 10KeV beam with BSE 

addition) at the Department of Geology and 

Protection of Lithosphere at the Earth Sciences 

and Spatial Management Faculty, Maria Curie-

Skłodowska University in Lublin. Plagioclases 

were investigated in total 444 from 4295 analysis 

of whole phases in 82 samples. There are 

samples from Nittis (1 samples; 1 analysis), 

Kumuzhia (2; 42), Traviannaya (6; 34), Sopcha 

(7; 63), Nyud (16;139), 330 horizon (2; 12), Poaz 

(5; 53) 10 Anomally (3; 82) and Dunite Block (3; 

19). 

 

3. RESULTS 

 

The massif consists mainly of ultra-basic 

rocks, in which orthopiroxenites predominate, 

dunity, chromitas, web-sites, but also plagio - 

harzburgites and plagio - websterites are also 

emerging. There are also gabbroides in the 

south-eastern part of the profile of the discussed 

intrusion. However, plagioclases appear in a 

small amount in the intercumulative form as an 

accessory mineral in principle in each of the 

discussed rocks in an amount not exceeding a 

few %, except for gabbro-anorthosite, where 

they constitute a significant element of the rock. 

In Dunite Block, plagioclase is found in the 

sample 40MON17 and less frequently in 

49MON17 and 50MON17. In the sample 

40MON1, the albite with an admixture of 

oligoclase dominates, while in the others the 

labradore and bytownite appear. In the area of 

cumulus western foothills of the Traviannaya 

mountain, the labradore dominates, 

accompanied by a sour oligoclase and 

microcline, while the Harzburgites are 

dominated by potassium feldspar. In ortho-

pyroxytes, plagioclase is represented by strongly 

calcium molecules such as bytownite with an 

admixture of labradore and anorthite. In the 

Nyud massif in the area of plagio-websterites 

dominates the labradore and bytownite, there is 

also an admixture of microcline and single grains 

of acidic feldspars (oligoclase, andezine). A 

labradore with an admixture of albite appears 

above in the plagio -ortopiroxenites. Rocks 

enriched in sulphides in this zone have only 

bytownite, while in the rocks above them the 

labradore dominates and bytownite with a small 

amount of potassium feldspars as in the rocks 

lying above where it meets mainly bytownite 

with an admixture of labradore or anortite and a 

small amount of potassium feldspars. In the 

region of Sopcha, in orthopyroxenites, the 

eastern slopes of the mountains dominate 

bytownite with an admixture of a labradore less 

frequently an anorite. In the sulfite enrichment 

zone, albite was found. Above them, in the rocks, 

there is andesite and oligoclase in the remaining 

rocks, again bytownite, labradore and potassium 

feldspar. In orthopyroxenites of the Kumuzhia 

is dominated by the labradore, also in the veins 

where it is accompanied by andesite and 

potassium feldspar. In the rocks of the Nittis 

massif only potassium feldspar were found. In 

rocks of 330 Horizon of Sopcha of where there 

are numerous sulphide ores, it was found mainly 

a labradore and in a sample containing quartzites 

albite with a small admixture of oligoclase. In 10 

Anomally gabroide rocks, there was found 

bytownite and labradore, and a small amount of 

potassium feldspar as well as an admixture of 

oligoclase were found. In the area of 

gabbronorotes of the Poaz massif dominates 
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bytownite with a labradore and an admixture of 

potassium feldspar.

Fig 1. Microphotographs of the plagioclases drom: Dunite Block (56MON17, A), Traviannaya 

(01MON13, B), Nyud (06MON17, C) and Poaz (61MON17, D). 

Among Poaz gabroids, there is visible rhythm 

visible in the analyzed plagioclases, showing 

rather their basic character oscillating within 

bytownit limits (fig 2 a). 
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Fig 2. Results of the plagioclases microanalysis from the: Poaz (a),  Nyud (b) and Traviannaya (c). 

.

In the case of rocks collected in the Nyud 

region, the typical basic nature of plagioclases is 

oscillating in the bytownite-labradore with small 

exceptions associated with saussurization 

processes (fig 2b). 

In the case of rocks from the Traviannaya 

region, the prominently basic nature of 

plagioclases accompanying harzburgites and 

cummulates (left and right part of the graph) is 

observed, as well as the more basic character of 

plagioclases accompanying orthopiroxenites (fig 

2c). In the case of rocks originating from Sopcha, 

the principled nature of plagioclases oscillating 

within the labrador-bytownite borders and the 

small admixtures of acidic plagioclases 

associated with secondary processes are also 

visible (Fig. 3a).
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Fig 3. Results of the plagioclases microanalysis from the: Sopcha (a), 10 Anomally (b) i Kumuzhia (c), 

330 Horizon (d) and Dunite Block (f). 



41 | Huber M, Neradovski Yi.N., Skupiński S.| Type plagioclases from Paleotroterozoic Monchepluton PGE layered 
Intrusion (Fennoscandian Shield). 

Geo-Science Education Journal 2018; 1 (6): 36-44 

 

Research on plagioclases from gabbroide anomalies 

shows a relatively well-read rhythm of plagioclases, 

showing their basic chemical composition (after the 

sample bearing the signs of saussurization, on the 

left side of the graph, fig. 3b). Rhythmics in the 

plagioclases examined in Kumuzhia samples reflect 

the acid plagioclases of vein fragments discussed in 

orthopiroxenites and basic plagioclases of parental 

rocks (Fig. 3c). In the case of rocks from 330 Horizon, 

acidic plagioclases examined among quartzites and 

alkaline ones found in pyroxeneites mineralized with 

sulphides are visible (fig 3d). In the Dunite Block 

rocks one can mainly see the acid feldspars occurring 

in the ultrabassic rocks associated with the 

processes of their serpentinization and 

saussurization, as well as the basic plagioclases 

accompanying the chromites (Fig 3e). In the 

microscopic picture, the plagioclases from the 

Dunite Block region occur in the intercumulus and 

are separated from the orthocumuluses by reaction 

crowns, a similar separation also occurs among the 

cumulative rocks of the Traviannaya region. In the 

rocks of the remaining blocks, small amounts of 

these minerals are found in pyroxene interactions, 

while in the Poaz and 10 Anomaly regions they occur 

relatively frequently and are found in the vicinity of 

corroded femic minerals. Often, plagioclases also 

carry traces of sericytization and chlorites, epidotes 

and minerals forming reaction crowns develop in 

their neighborhood (mainly serpentine) although in 

the Nittis region there are also tremolite - prehnite 

veins also visible in the microscopic image, just like 

in the Kandalakshan Part of the Lapaland Granulite 

Belt [2,4]. 

 

4. DISSCUSSION  

 

Among the examined feldspars, the labradore 

and bytownite dominate. These fossils could be 

formed in the rocks in question both in the late 

crystallization phase during the alloy 

differentiation when Poaz gabbro poems arose, 

but also in the later period when the 

metamorphism of the intrusion occurred. This is, 

however, supported by the presence of these 

feldspars in ultrabassic rocks in the form of a 

small admixture in the company of pyoxenes' 

uralisation. The presence of acidic feldils should 

rather be associated with saussurization and 

serpentinization processes of the discussed 

rocks. Admixtures of potassium feldspars, in 

particular microcline, should rather be found in 

the close vicinity of various types of vein tracks 

cutting the discussed rocks and probably 

occurrence of geochemical fronts associated 

with this type of interactions. In the observed 

plagioclases a certain rhythm of the oscillation of 

their composition in the field of labradore for 

Traviannaya, Kumuzhia and Sopcha and 

bytownite for Nyud, Poaz and Anomaly is 

visible (fig 4). The deviation from this rule is 

acidic plagioclases associated with secondary 

processes and similarly potassium feldspar. They 

could have arisen as a result of the impact of vein 

tracks, the metamorphism of the discussed rocks, 

and secondary processes such as, for example, 

saussurization. 

5. CONCLISION  

 

Analyzing the nature of plagioclases in 

individual massifs, one can notice a certain 

rhythm of changes in the percentage of the An 

molecule, which also corresponds to the 

indicated rhythmic changes found for mafic 

minerals. Plagioclases analyzed above show 

several generations. The first of these is 

associated mainly with magma or helping 

processes, they are high calcium plagioclases 

found in various parts of the intrusion. The 

second generation appeared much later and is the 

result of secondary processes of a metasomatic 

character, created as a result of the interaction of 

various other small igneous bodies in zones of 

splits, migration of fluids and metamorphism 

(Vuruchenayvench).
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Fig 4.. Diagrams of the microanalysis results of plagioclases from Monchepluton massifs. 
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ABSTRACT 

 

 The aim of this article is to study rocks 

included in the Monchepluton Paleoproterozoic 

layered intrusion in terms of the content of 

admixture and rare elements. Comparison of 

chemical characteristics of different types of 

rocks building main massifs with each other. As 

a result of tracing the proportions of the elements 

included in the discussed rock samples, several 

geochemical generations were confirmed. 

Geochemical traces characteristic for ultrabassic 

and alkaline rocks were found, there are also 

elements characteristic of other environments 

(alkaline and acidic), both supracrustall 

contamination of magmatic solution and the 

impact of subsequent processes of magmatic 

activity in the discussed area. 

KEYWORDS: PGE layered intrusion, 

Monchepluton, geochemistry, Paleoproterozoic, 

Fennoscandian Shield. 

1. INTRODUCTION 

 The Monchepluton massif is located in the 

central part of the Kola peninsula, reminiscent of 

the shape of a sickle. It is built of two parts 

oriented more or less latitudinally (Massifs 

Sopcha, Nyud, Poaz, Vuruchenayvench) and 

also meridional (massifs Nittis, Kumuzhia, 

Traviannaya -NKT and Dunitowy Blok). It is 

mainly made of ultra-basic and alkaline rocks [5-

9]. Ultrabasic rocks are represented by 

accumulated olivine and chromium and 

orthopyroxene in the Dunite Block, western 

Traviannaya and also by accumulated 

orthopyroxene in the region of Kumuzhia, Nittis, 

Sopcha, orthopyroxene with intercumulate 

plagioclase in Nyud, orthopyroxene - 

clinopyroxene with plagioclase in Poaz and 

clinopyroxene with plagioclase in 

Vuruchenayvench massif, the latter being 

metamorphosed in amphibolite facies [2]. In 

addition, there are small blocks of gabbroide 

rocks Moroshkovoe Oziero and 10 Anomaly. In 

these rocks, various types of sulphide 

mineralization are found, formed in the form of 

a nest and vein (Nyud 2, 330 horizon Sopcha, 

cumulate western Traviannaya) as well as in a 

dispersed form. Minerals of iron, copper and 

nickel are accompanied by PGE mineralization 

represented by telluride and bismuth, palladium 

and platinum, rarely arsenic. 

2. METHODS 

 

Rocks occurring there, such as dunites, 

chromitites, webstrites, harzburgites, 

orthopyroxenites, norites, gabbronorites and 

gabbroides, have been studied in the micro-area 

and then geochemical analyzes using the XRF 

technique. Tests of thin-plate and rock 
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specimens were carried out using the Leica 

DM2500P optical microscope as well as the 

Hitachi SU6600 scanning electron microscope 

with the EDS adapter and the Panalytical XRF 

Epsilon 5 spectrometer. They were made at the 

Department of Geology and the Lithosphere 

Protection of at the Faculty of Earth Science and 

Spatial Management at the Maria Curie-

Skłodowska University in Lublin. The collected 

rock fragments were subjected to preliminary 

elemental analysis using the X-ray fluorescence 

spectrometry technique. Panalytical Epsilon 5 

was used for this purpose. It is an energy-

dispersive spectrometer that uses as an excitation 

source an X-ray tube with a gadolinium anode. 

A high voltage generator reaching 100 kV with a 

power of 600 W. is responsible for the lamp's 

power supply. The radiation generated in the X-

ray tube is not directed directly to the analyzed 

sample, but falls on the corresponding secondary 

anodes, thus allowing a more precise selection of 

conditions for excitation of certain elements. A 

germanium detector implanted with lithium ions 

with a liquid nitrogen cooling system is 

responsible for detecting the fluorescent 

radiation of the sample. Detector performance 

according to the manufacturer reaches 100%. 

The right setting of the basic elements; X-ray 

tube - secondary anodes - sample - detector, 

creates a 3D optical path allowing polarization of 

radiation. As a result of polarization there is a 

significant reduction in the background level 

from the characteristic radiation of the lamp and 

secondary anodes, thus lowering the detection 

and traceability limits of the elements occurring 

at the trace level. 

 

Fig 1. A general view of the Monchepluton intrusion. 

3. RESULTS 

 

The present intrusion is now a band of several 

hills visible in the area in the form of heavily 

eroded hills, covered with weathering, 

intersected by flattened valleys containing post-

glacial material. This intrusion is located in the 

Arctic climate zone behind the Arctic Circle.  
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Fig 2. Microscopic images of the example rocks from Monchepluton (transmitted light, crossed nickels): A-

chromitite from Dunite Block (sample 46MON17), B-dunite (49MON17), C-harzburgite from Traviannaya 

(77MON17), D-orthopyroxenite from Sopcha (29MON17), Nyud E-norite (07MON17), F-gabbronorite from 

Poaz (58MON17), G-massive sulphide from 330 Horizon (02MON13), H-metamorphosed gabbro from 

Vuruchenayvench (01MON18).
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Near the hills there is the city of 

Monchegorsk and metallurgical plants. Visible 

elevations allow for field observation, because in 

peak parts they are practically devoid of 

vegetation. This facilitates documentation and 

sampling The rocks that build the discussed 

massif are dunites, chromitites, websterites, 

harzburgites, orthopyroxenites, norites, 

gabbronorites and gabroides. In the microscope 

image, dunite are mainly composed of olyvine in 

an advanced manner undergoing 

serpentinization with the release of iron oxides 

within its boundaries and boundary zones. Next 

to them there are aggregates of chromite grains, 

often twinned. Between these minerals there are 

small admixtures of orthopyroxenes. The rock is 

also visible with serpentine and chalcedony. The 

amount of chromites can be increased to form 

separate precipitates called chromites. These 

rocks are overwhelmed with each other, creating 

the rhythmically changing units of varying 

thickness. The chromites in the microscope 

image are dominated by spinels represented by 

chromite, which is relatively low in chromium, 

and olyvines that form nested rock fillings in 

zones where more space between the chromites 

occurs. These minerals are integrated with 

orthopyroxenes overgrowing the discussed 

phases, which form poikilite structures against 

them. Accessories such as pyrrhotite, 

chalcopyrite and pentlandite, which do not have 

much meaning and content, appear in the rocks. 

The number of orthopyroxenes may increase, 

which contributes to the formation of 

Harzburgites, which are particularly well-

readable in the western slopes of the 

Traviananaya mountain, where they form 

massive unveiling together with xenoliths of 

Dunite and chromitites.  

These rocks in the microscope image are 

mainly made of olivine and orthopyroxene 

crystals forming the background. Next to them 

there appears an accessory chromite occurring in 

orthopyroxene interactions. Sometimes in the 

discussed rocks there is also a small amount of 

clinopyroxene bonding the discussed phases and 

in the regions where orthopyroxenes occur, 

lamellar permanent inclusions composed of 

magnetite and ilmenite are visible. In the area of 

giganto emergence of crystalline cumulates, 

small admixtures of plagioclases in the rock not 

exceeding several% of volume are visible, 

always isolated from femur minerals with 

extensive crown zones built of talcum, actinolite, 

serpentine. In the southwest Traviannaya slopes, 

the Harzburgites are continually undergoing 

orthopyroxenite, with xenolites of one rock in 

the other on both sides of the passage. The 

orthopyroxenite in the microscope image are 

mainly made of bronzite crystals, which are 

formed in a round shape by building a rock 

background, touching the compact way together. 

Orthopyroxenes have a size that is up to several 

mm in diameter. Sometimes other rock minerals 

such as clinopyroxenes appear in the rock, e.g. in 

the Nyud slopes forming a porphyritic structure, 

dominating the size of orthopyroxenes in the 

rock, in some places there is also an accessory 

plagioclase, the amount of which may increase 

as is the case in the Nyud massif, where these 

rocks they form a transition to the nomads and 

gabronorytów. The nets in the microscope image 

are built of oblong arranged chaotic crystals of 

orthopyroxenes, on the background of which 

plagioclases appear, and subordinately 

mentioned clinopyroxene. Among the accessory 

minerals, you can also find apatite, spinel in the 

form of magnetite, sometimes chromite and / or 

ilmenite. In these rocks, there can be secret 

sulphide mineralization represented mainly by 

pyrrhotite, pentlandite and chalcopyrite, 

sometimes also with digenite. In some rocks, the 

amount of clinopyroxenes can increase to form a 

transition to the next variety, gabronoryt exposed 

in the Poaz region. 
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Fig 3. Results of XRF analyzes of rock samples from selected massifs (main elements, [% wag.]). 
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The microscope image is dominated by 

clinopyroxenes formed in the form of large 

polysynthetic twinned diopside crystals 

accompanied by orthopyroxenes and 

plagioclases. Finally, in several blocks, 

gabbroides also appear (e.g. in the area of the so-

called 10 Anomaly, Moroshkove Oziero). 

In the microscopic image is dominated by a 

diopside which sometimes accompanies relic 

orthopyroxenes and plagioclases are numerous. 

Apatite and zircne crystals, sometimes also 

biotite, appear apatite. Among the ore minerals: 

ilmenite and magnetite are commonly found, as 

well as sulfides that form aggregates made of 

pyrrhotite, chalcopyrite and pentlandite. In the 

discussed massifs, rhythmic changes and gradual 

transitions of one rocks to the other are visible. 

There are also horizons of magma autobreccia 

with the rocks occurring in them with a slightly 

different composition, for example websterites 

in the region 330 of the Sopchy horizon or 

xenoliths of supracrustall rocks in the area of the 

so-called. critical horizon of Nyud. In these 

zones there are also numerous sulphides forming 

massive and veined varieties rich in a number of 

ore minerals such as cuprite, chalcocite, digenite, 

galena, sphalerite, accompanying the already 

mentioned Cu, Fe, Ni sulphides as well as PGE 

mineralization. 

The rock samples were subjected to XRF 

analyzes. In the case of main elements, 

magnesium is dominated with a large admixture 

of iron. Silica definitely dominates over 

aluminum, which is a small admixture. Calcium 

and potassium are found in the discussed halls 

only in very small admixtures by an order of 

magnitude smaller than the aforementioned 

other main elements. The addition of manganese 

and chromium in these elements is maintained at 

around 1% by weight, with the exception of the 

chromite, where it reaches a significant value. It 

is also worth noting that the amount of 

magnesium and chromium is clearly higher in 

the rocks of the Dunite Block and in the rocks of 

the so-called Terasa Njud, while in the rocks of 

Sopchy and Nittis these metals are much less and 

a much higher share of aluminum and iron 

appears. There are small amounts of Ti, V, Ni 

and Cu in non-ferrous metals in amounts not 

exceeding 0.1% by weight. The distribution of 

these metals is also arranged in the same way as 

in the case of iron and aluminum, the most of 

them in the rocks Njud and Sopcha, and the least 

in the rocks of Dunite Block, and from above 

Traviannaya. In some attempts these metals are 

also accompanied by Zn, As, Pb and Ba. Most 

often these admixtures were found in rocks from 

the Nittis and Sopcha mountains, where they 

were collected in the vicinity of numerous faults 

and splits. Very small admixtures of metals such 

as Se, Rb, Sr, Yb and Zr were also found. 

Analyzing the proportion of main elements, it 

can be stated that they resemble dunite-like 

ultrabasic rocks. Elements such as Al, K, Ca can 

be associated with inter-cumulative and 

secondary processes, which also contributed to 

the appearance of such minerals as biotite, 

plagioclase, chlorites, epidote (fig 3). The 

presence of non-ferrous metals such as Cr, V, Ni, 

Cu, Ti, V can be associated with associations 

both corresponding to the magmatic nature of 

these rocks and hydrothermal processes, which 

contributed to their enrichment in sulphide. 

Analyzes in the micro-area seem to confirm this 

hypothesis, as well as the occurrence of PGE 

phase sulphide mineralization. Admixtures of 

metals such as Zn, As, Pb, Ba should also be 

associated with hydrothermal processes and 

some REE metal admixtures are also associated 

with the mantle nature of the alloy from which 

the rocks have crystallized (fig 4). 
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Fig 4. Results of XRF analyzes of rock samples from selected massifs (trace elements, [ppm]). 

 

4. DISSCUSSION  

 

Separation of iron oxides and practically pure 

magnesium olivine in the discussed rocks are 

probably the effect of reheating the discussed 

rocks as a result of increased magma activity in 

the discussed area. In the close vicinity, there are 

two younger layered intrusions: Monchegorsk 
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and Imandra, furthermore, there is a little 

network of deep splits separating the two archaic 

Kola and Belamoryian blocks from each other 

[1,3,9]. The operation of these intrusions had to 

cause a heat impulse that caused the formation of 

many secondary features in the discussed rocks 

such as chromite zonal and practical deprivation 

of chromium in the boundary zones, in favor of 

iron, iron depletion in olivine and 

orthopyroxenes, formation of poisonous 

adhesions of orthopyroxenes integrated with 

diablastic overgrowth their clinopyroxenes 

finally, a metamorphism in amphibolite facies of 

probably weathered rocks located to the south-

east (Vuruchenayvench massif), on which are 

found the magma rocks belonging to the belt of 

Imandra-Varzuga together with the 

metamorphosed works of Imandra Intrusion. It 

caused the launch of many geochemical fronts 

and the migration of fluids in the discussed 

rocks. 

This fact may also be supported by the fact 

that apart from Cr, V, Ni, Cu, Ti, such V metals 

as Zn, As, Pb. The appearance of metals such as 

Sn, Mo, Zr may be associated with 

contamination of supracrustall components 

during the passage of magma through the thick 

plinth of the Kola craton. This fact is also 

indicated by the emergence of a breccia 

containing xenoliths of supracrustall rocks that 

was discovered in the area of the so-called 

Critical Horizon Nyud and was caused by the 

secondary injection of magma into the 

congealing chamber. The presence of admixtures 

of metals such as Ba, Sr, La, Ce and also the 

appearance of prehnite veins also indicates some 

influence of alkali rocks, which in the Devonian 

period contributed to the remobilization of the 

magmatic region creating about 40 different 

intrusions in the vicinity, including a large 

intrusion of Chibin found about 20km east of the 

intrusion. The presence of this kind of veins was 

also found by the author in many other similar 

massifs [4]. 

5. CONCLISION  

 

The discussed Monchepluton rocks are an 

example of a diversified and stratified structure 

of this early Proterozoic PGE intrusion. A 

number of secondary processes noticed both in 

the rock and its geochemical composition 

indicate the multi-stage nature of the formation 

of these rocks. They are a product of intrusion of 

ultrabasic magmas which, breaking through the 

crystalline rocks of the Kola plinth, have been 

strongly contaminated contributing to 

petrological and geochemical changes in the 

rocks. The presence of close relatives of the 

gabbroide intrusion also affected the clear 

petrological changes in the discussed rocks. 

Finally, the magmatic remembrance of the 

Fennoscandian Shield due to the action of the 

heat stain and a series of intrusions of alkaline 

rocks caused subsequent changes to be read in 

the discussed rocks, which was demonstrated 

both by microscopic methods and XRF 

research..
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