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A B S T R A C T

G eodynam ic regim es at an early stage in the form ation o f  the earth crust are essential 
for the form ation o f  high-M g rocks. The kom atiite-basalt series o f  A rchean greenstone 
belts (high-M g volcanics) and boninite-like assem blages in the supracrustal units o f  the 
same belts, with w hich talc, m agnesite and serpentine o f  tw o stages (M eso- and 
N eoarchean), new ly-form ed after h igh-M g rocks, are associated, are the earliest units 
productive for industrial m inerals. S iliceous high-M g series represented by form ed large 
lava (lows with gabbronorite dyke sw arm s and the form ation o f  layered mafic- 
ultram afic intrusives. Large m agnetite units w ere form ed in serpentine ultra-alkaline 
rock w hich has suffered hydrotherm al leaching o f  m agnesium  from  serpentinite. A third 
class o f  high-M g rocks in this region is associated w ith the dolom ites o f  the 
Paleoproterozoic sedim entary-volcanic units o f  the K arelian-K ola region.

The K ola Peninsula has m any high-M g-silicate rock deposits that m eet the requirem ents 
for the production o f  refractory, building and technical m aterials on their basis such as 
K ovdor and K habozero olivinites, Sopcheozero and Pados-tundra dunites, etc. 
Sungulitic and iddingsitic concentrates are suitable for the production o f  the pigm ents 
and fillers o f  varnishes, paints and polym eric m aterials, technical rubber and high-M g 
meliorants.

Karelia has tw o types o f  talc-bearing rocks. D eposits and occurrences o f  type 1 
(apoultram afic type) are com m on in ultram afic rocks o f  peridotite-picrite or dunite- 
peridotite com position. O ccurrences o f  type II (apocarbonate type) are confined solely 
to the dolom ites o f  the Jatulian superhorizon o f  the Proterozoic. Low -iron talc to talcite 
occurrences are associated with these com plexes.
The K arelia-K ola region, located on the Fennoscandian Shield, is prom ising for high- 
Mg raw m aterials.

K e y w o rd s:  high-M g com plex, industrial m inerals, Precam brian, Fennoscandian Shield, 
Karelian-Kola region
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I N T R O D U C T I O N

M agnesium  as an elem ent is in position 8 in term s o f  its am ount in the solar system . It 
m akes up about 2%  o f  the earth crust [1]. M agnesium  is a third elem ent in term s o f  its 
abundance in sea w ater solution. Its concentration is about 1300 ppm. M ajor high-M g 
m inerals are show n in Table 1. O ver 60 m inerals that contain m agnesium  are known to 
occur in nature.

Table 1. M ajor high-M g m inerals
M ineral formula M g, % M gO, %

Brucite M g(OH): 41.68 61.0
Forsterite M gjSi04 34.5 57.3
O livine (M g-Fe) (M g.FekSKTi 30.0 49.7
M agnesite M gCO , 28.8 47.8
Serpentine (M g, F e )0  2SiO : 21FO 26.3 43.6

Source: [2].

V arious applications o f  m agnesium  depend on the technical requirem ents to be met. 
M agnesia is a general term  for m agnesium  oxide, w hich can be produced from natural 
magnesite, breunnerite, brucite and salt water. There are certain requirements to be met by 
industrial high-Mg raw materials in terms o f  their major oxide content, e.g. refractory 
production in nonferrous m etallurgy, foundry, industry (M gO  content is at least 12 %, 
total AI2O3 + FerCb +  M m 04  is 3-6% , the sizes for kilning and charging Martin 
furnaces are 5-25 and 25-80 mm and those for furnace thresholds are 35-100 m m ); as 
flux and for high-M g agglom erate production; in the glass industry (M gO  at least 18 %, 
C aO  no m ore than 34 %, Si02 and AI2O3 1.5 and 2.0, respectively, Fe’O i 0.1-0.4); 
ceram ics and porcelain-glazed pottery production (M gO  is at least 19 %, total AI2O3 + 
F e 203  is 0.05 % , Si02 is 3.0 %  and AI2O3 is 0.5% ) and the chem ical industry (M gO  is at 
least 17 % , S i02 is no m ore than 2.5 % ), etc.

Raw m agnesite is used as dom inantly  in prepared form. D ressing technology consists o f  
the crushing o f  original ore, dressing in heavy m edia, radiom etric separation, washing, 
flotation and deep dressing by hydrom etallurgical technology.

G lobal reserves from  w hich M g-bearing com pounds can be extracted are w idespread. 
They are estim ated at about 12 billion tons o f  m agnesite and several m illion tons o f  
brucite. D olom ite, forsterite, M g-bearing evaporate m ineral and M g-bearing brine 
reserves are estim ated at several billion tons. M g-bearing hydroxides can be extracted 

from  seawater.

In addition to m agnesite and brucite, M g-bearing ultram afic rocks (olivinite, dunite, 
peridotite and serpentinite) w hich  contain M g-bearing silicates, e.g. diopside 
CaMg(Si206>, enstatite M g2(Si2C>6 ), trem olite C a2M gs(S i40n)(0H )2, olivine-forsterite 
M g2Si04 and som e others, are in dem and on the w orld m arket. Iron-free varieties are 

also o f  interest.
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G E O L O G I C A L  C H A R A C T E R I S T I C S  A N D  P O T E N T I A L  O F  H I G H - M g  R A W  
M A T E R I A L S  F R O M  T H E  K A R E L I A N - K O L A  R E G I O N

O f great geological im portance in rock form ation is the relation and dependence o f  
tectono-m agm atic episodes on the characteristics o f  geodynam ic regim es in the general 
m agm atism -tectonics-earth  geodynam ics chain. H igh-M g rocks in the eastern 
Fennoscandian Shield display distinctive geochem ical features from  the M eso- and 
N eoarchean to the Paleozoic (Caledonian epoch). T hese com plexes dom inated at an 
early stage in earth crust form ation. The earliest rocks productive for high-M g industrial 
m inerals are a kom atiite-basalt series o f  A rchean greenstone belts (high-M g volcanics) 
and boninite-like assem blages in the supracrustal units o f  the sam e belts associated with 
talc, m agnesite and serpentine new ly-form ed after high-M g rocks at tw o stages (the 
M eso- and N eoarchean): 3.06 -  2.9 (V edlozero-Segozero, Sum ozero-K enozero and 
South V ygozero belts) and 2.85 -  2.8 G a (K ostom uksha structure, w here M gO 
concentrations in kom atiite lava vary from 24-31 %  to 33-39 % ) [3]. S iliceous high-M g 
series (picrite, basalt, andesite), w hich form ed large lava flow s w ith trem endous 
gabbronorite dyke sw arm s, dom inated later at a cratonic stage. Layered m afic- 
ultram afic intrusives form ed at this stage. For exam ple, the big layered m afic-ultram afic 
Burakovian intrusive unit w as form ed in a rift structure in K arelia during a 2.45-2.43 
tectonic episode in the Paleoproterozoic [4]. It contained such high-M g industrial 
m inerals as olivine and serpentine. The Pados-Tundra m assif, located in the so-called 
“serpentinite" belt zone in the southw estern Kola Peninsula, displays a m ineralogenic 
specialization for talc, serpentinite and dunite. Pre-carbonatitic o livinite and dunite 
(G rem yakha-V yrm es and T iksheozero m assifs) w ere form ed in the Paleoproterozoic 
(Fig. I).

talc ( I) : I Pados T undra; 2 Svetloozerskoe; 3 
lgnoila; 4 Povenchanka; 5 Pindushi;

soapstone (2): 6 Turgan K oyvan-A llusta; 7 
K alievo-M urennenvaara; 8 O sterozero; 9 
U rosozero; 10 V ozhem skoe; 11 Ozerky;

olivine (3): 12 Shapkozerskoe; 13 A ganozersky; 
14 Kovdorskoye; 15 Lesnaya Varaka;

dunites (4): 16 Sopcheozerskoe;

serpentinite (5): 17 H autavaara; 18 Hankus; 19 
Taloveys;

carbonate rocks (6): 20 Pyalozerskoe; 21
Vidanskoe

Figure 1 High M g raw m aterials o f  K arelian-K ola region

1 ▼ 2 * 3 * 4 « 5 * 6
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There are two types o f  talc-bearing rocks in K arelia [4]. D eposits and occurrences o f  
type 1 are an apoultram afic type. In K arelia, such deposits w ere com m only produced by 
the hydrotherm al rew orking o f  peridotite kom atiite and serpentinite form ed in the 
Lopian m etallogenic epoch. Svetloozero (Fig.2), Rybozero and Ignoila are the best- 
studied talc deposits and occurrences o f  type 1. All o f  these deposits share some 
com m on features such as sheet-type serpentinized dunite and harzburgite intrusions that 
com prise steeply dipping talc-enriched ore bodies up to 200 m thick. Serpentinite and 
chlorite schist are m ost com m on host rocks. By now, about 20 soapstone occurrences 
and deposits have been revealed in Central K arelia and in the K ostom uksha 

A dm inistrative District.

1 - sedim entary and volcanic rocks

2 - gabbro

3 - pyroxenite

4 - serpentinite

5 -  talc-m agnesite ores

6 -  copper-nickel ore

7 - fractures

Figure 2. Schem atic geological m ap o f  W est Svetlozergo ultram afic m assif

O ccurrences o f  type 2 (apocarbonate type) are confined solely to the dolom ite o f  the 
Jatulian superhorizon o f  the Proterozoic. Low -iron talc to talcite occurrences are 

associated  w ith these com plexes.

The largest m agnesite and talc clusters w ere form ed in the serpentinite portion o f  the 
Svetloozero deposit, the biggest one in N orthw est Russia, by hydrotherm al leaching o f
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m agnesium  from serpentinite. The m orphology o f  the ore bodies is com m only 
represented by lens-shaped bodies and nests, varying in size from  tens to hundreds o f  
m etres, and depends on the original size o f  the rock and m etasom atic grade.

There is another group o f  Precam brian rocks associated w ith dolom ites that build up the 
Paleoproterozoic sedim entary-volcanic unit o f  the K arelian Craton and the 
Svecofennian Fold Region. A ccording to official data [5], dolom ites o f  state reserves 
class 1 are represented by the explored R aiguba-Pyalozero deposit. Its reserves are 
estim ated at 12 m illions tons. The state reserves also com prise the Pyalozero, 
O lenyostrov, K uzaranda and V idany deposits and six dolom ite occurrences. K uzaranda 
dolom ite is not contam inated by im purities (quartz). The dolom ite m eets chem ical 
com position requirem ents for the production o f  building and hydraulic lime. Pyalozero 
dolom ite m eets chem ical com position requirem ents for refractory raw m aterial o f  class 
1.

The big resources in the Kola Peninsula are associated with many Paleozoic Mg- 
bearing-silicate deposits, prim arily  K ovdor (Fig.3) and K habozero, w hich can well be 
used for the production o f  refractory building and technical m aterials. Fligh-Mg 
refractory m aterials, refractory and chem ically resistant ceram ics and building m aterials 
are in dem and in R ussia’s m arket.

Figure 3. G eological schem e o f  Kovdor, com posed by B .l.Sulim ov et al. (1997)

1- carbonatites; 2 - m agnetite ores; 3 - apatite-forsterite; 4 - m elilite rocks; 5 - 
phlogopite-diopside; 6- turyaity; 7 - pyroxenite; 8 - ijolites; 9 - olivinites; 10 - fenitized 
gneisses; 11 - iron ore deposit; 12 - phlogopite deposit
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In the K ola Peninsula, relatively big m agnesium -silicate reserves are located in the 
Khabozero olivinite deposit. It is confined to the Lesnaya V arakka ultram afic rock 
intrusion o f  H ercynian orogeny. The intrusion covers an area o f  about 9 km 2. O livinites 
m ake up 85-90%  o f  the m assif. Tw o groups o f  rocks: fine- to m edium -grained ore- 
bearing and pegm atoid olivinite and coarse-grained ore-free olivinite [5]. O livinites 
constitute the central portion o f  the m assif and are surrounded by a pyroxenite band 
w hich is in contact w ith host rocks. The m assif is cross-cut by m any ijolite, tinguaite 
and cancrinitic syenite dykes and veins, etc.

The olivinite reserves o f  the Lesnaya V arakka m assif (K habozero deposit) are estim ated 
at 9.7 m illion tons. The average M gO content o f  the olivinite is 43.6 %  (fayalite makes 
up no m ore than 13%). The o livinite reserves o f  the K ovdor m assif as raw m aterials for 
the production o f  refractory m aterials are estim ated at 290 M t. Experim ental batches o f  
K ovdor olivinite have also been tested at ferrous and nonferrous m etallurgical plants.

T E C H N O L O G I C A L  F O R E C A S T

The study o f  the therm al resistance o f  the rocks has show n that it depends on the 
com position and structure o f  the rocks w hose indices increase as their therm al physical 
param eters rise and decrease as the grain size o f  the m ineral constituents o f  the rocks 
increase.

K arelian serpentinites as an industrial rock type have not yet been thoroughly studied, 
but available geological data suggest that they are w idespread and could, therefore, be 
studied m ineralogically and technologically , like trem olite and diopside. These are 
industrial m inerals unknow n earlier in the region. Tw o varieties o f  serpentinite have 
been identified at the A ganozero chrom ium  ore deposit: serpentinite after high-Fe 
dunite and serpentinite after high-M g dunite. T heir thicknesses are 540 and 410 m, 
respectively. Serpentinites are rich in m agnesium  (36-38% ) and contain small quantities 
o f  AI2O 3 (0.1-0.5% ) and C aO  (0.24-0.5% ) im purities. A t the Svetloozero talc-m agnesite 
deposit the average M gO content is 34%  and the quantities o f  AI2O 3 (0 .2-3% ) and CaO 
(0-2% ) im purities are sm all. A t o ther localities, such as H autavaara, Vozhem sky, 
Taloveis, Hankus, K ropotnavolok, etc., M gO concentrations are low er (25.7-32.35% ), 
w hile AI2O 3 (3-6% ) and C aO  (2.9-5.8% ) concentrations are m uch higher. Considering 
the chem ical com position o f  Svetloozero and A ganozero serpentinites. they can be used 
for the biological protection o f  nuclear reactors. The prelim inary study o f  Hautavaara 
serpentinite has show n that it can be used in welding operations.

The experim ental-industrial tests and the study o f  the com position and properties o f  
olivinites conducted by the M ining Institute. KSC, RAS, have revealed their application 
fields (Table 3). These high-quality  olivine concentrates can be used for the production 
o f  forsteritic refractories, chem ically  resistance ceram ics and the constituents o f  
lubricants for w elding electrodes. Sungulitic and iddingsitic concentrates can be used 
for the production o f  pigm ents and fillers o f  paints and varnishes, rubber articles and 
m agnesium  m eliorants [6].
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Table 2. Chem ical com position o f  original M g-bearing materials

Material MgO SiO; Fe:0 , FeO CaO TiOj A1;0, Na20  + 
KjO

O livinite (K habozero) 40.29 37.55 14.64 10.1 0.56 3.52 0.25 0.32

O livinite (K ovdor) 39.4 38.7 9.9 6.6 1.0 0.1 0.7 0.3
Dunite (Sopcheozero) 38.49 40.76 2.70 7.45 2.08 - 2.18 0.1
Serpentinite (Pentisuo) 40.42 33.39 6.31 3.51 0.01 0.2 0.22 0.03

C O N C L U S I O N S

The K arelian-K ola region o f  the Fennoscandian Shield is the m ost prom ising region for
high-M g raw m aterials because it is here that the low er portion o f  the earth crust
consists o f  M g-bearing rocks.
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