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ABSTRACT 

Puustinen, Kauko. 1971 : Geology of the Siilinjärvi carbonatite 
complex. Eastern Finland. Eull. Co",,,,. Ceol. Finlande N:o 249, 43 
pages, 14 figures, 14 tables, one appended map. 

The Siilinjärvi ultramafic alkaline-carbonatite complex is situated 
some 20 km to the north of the city of Kuopio in eastern Finland. 
The roughly tabular, subvertical body is intrusive in the surrounding 
granite gneiss. The complex, about 16 km long and up to 1. 5 km wide, 
covers an area of 14.7 km2• The complex lies in the interseetion of 
the NW- SE aligned Lake Ladoga- Central Bothnia deep fracture 
and N- S aligned fractures of the granite gneiss. 

Intrusion of glimmerite was followed by intrusion of syenite in the 
marginal zone of the glimmerite and the surrounding bedrock. The 
carbonatite was intruded among the glimmeritic rocks. The glim
me rite and carbonatite together form aseries of mixed rocks. The 
main constituents of the glimmerite are phlogopite, alkali amphibole 
(richterite) and apatite; serpentine-rich parts have also been found. 
Rare minerals, characteristic of carbonatites, have only been found in 
smaJl amounts. The fenitic margins around the complex are poorly 
developed. The trace element pattern is similar to that of most carbon
atite complexes with a pronounced enrichment of p. F, Sr, Ba, RE 
(especially Ce group), Zr and Nb. The radiometrie age of the complex 
ranges from 2000 m.y. to 2900 m.y. 

Helsinki 1971. Valtion painatuskeskus 
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INTRODUCTION 

Carbonatites are currently of great interest because of their potential economic 

importance and, further, because their study has opened up an entirely new field in 

igneous petrology. About 320 carbonatite occurences have already been recorded 
in the literature and new discoveries are reported at a surprising rate. In this paper 

the definition of Heinrich (1966) is adopted according to which a carbonatite represents 

a carbonate-rich rock of apparent magmatic derivation. Additionally it must be 

pointed out that nearly all carbonatite masses are within, or satellitic to, intrusive 
bodies of alkaline igneous rocks. The association of ultramafic rocks and alkaline 
rocks with carbonatites proper is thus defined as a carbonatite complex. 

The concept of magmatic carbonate rocks was proposed by Bose in India and 

Högbom in Sweden at the end of the nineteenth century (Heinrich, 1966). The term 

carbonatite was first, however, used by Brögger (1920) in his classic study on the 
Fen area in Tonvay, whilst the basis for the magmatic concept of carbonatites was 

presented by von Eckermann (1948) in his Alnö memoirs. The search for niobium 
deposits led to many discoveries of carbonatites all over the world, especially in 
Africa. 

The recognition of carbonatite complexes is facilitated by their specific features, 
such as their connection with alkaline petrographie provinces and large structural 
units; their unique petrographieal, mineralogical and geochemical features have 

proved to be a basis for thier study. Recent laboratory experimental studies have 

proved that carbonatitic magma can exist at temperatures of the order of 6000 or 

below (Wyllie, 1966). The existence of carbonatite lavas is displayed by the recent 
Oldoinyo Lengai volcano in Tanzania. 

The carbonatite complex which forms the subject of this study is named after 
the village of Siilinjärvi which is situated some 20 km to the north of the city of 

Kuopio in Eastern Central Finland, about 2 km to the west of the southern end 
of tbe complex. The location of the area is shown in Fig. 1. 

The relief of the Siilinjärvi area is rather low, local differences in elevation ranging 
up to the order of 100 m. As the glimmerite-carbonatite rocks are easily weathered, 

the central part of the complex forms a trough in tbe surrounding granite gneiss 
area. 

The Siilinjärvi complex forms a subvertical tabular body which lies approximately 
north-south. The entire complex, about 16 km long and up to 1.5 km wide, covers 
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FrG. 1. Location of the Siilinjärvi region. The 
centre of the Lake Ladoga- Central Bothnia deep 
fracture zone according to the gravity anomaly 
map (Honkasalo, 1962) is indicated by a line. 

an area of 14.7 km 2 • Diamond drillings, the drill holes of which never reached the 

bottom of the complex, have been carried out to a depth of so me 250 m. 

The rocks of the complex comprise (from the oldest to the youngest) glimmerite, 

syenite and carbonatite. The complex is intrusive into a surrounding granite gneiss 

which extends some 100 km to the north from Siilinjärvi. The fenitic margins around 

the complex are poorly deve1oped. 

The impetus of the survey in Siilinjärvi was given by the carbonate-bearing rock 

specimens sent by local inhabitants to the Geological Survey of Finland in 1954. 
Investigations were subsequently carried out by various companies, between the 

years 1958- 1960 by Lohjan Kalkkitehdas Oy (in translation: Lohja Limestone Co.), 

1964- 1967 by Typpi Oy (Nitrogen Co.) and 1967- 1968 by Apatiitti Oy (Apatite 

Co.). The investigations were concerned merely with the appraisal of the apatite 

ore found in the glimmerite-carbonatite rocks. 

On the geological map of Finland (sheet C 3 - Kuopio: Wilkman, 1935) the 

complex is indicated only as syenite, previously described by Wilkman (1933 and 

1938), since the glimmerite-carbonatite rocks not known at the time this map was 

compiled. Preliminary reports of the Siilinjärvi complex have been given by Puustinen 
(1968, 1969 a and 1969 b). 

The material presented here is based partlyon the data obtained by Lohjan 

Kalkkitehdas Oy and on the diamond drillings carried out by tbe companies mentioned. 
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During the years 1967-1969 the author made geological field and laboratory studies 
of the Siilinjärvi area, which included a geological mapping. The laboratory investiga
tions were carried out at the Technical University, Dept. of Mining and Metallurgy, 
Otaniemi, Finland . 

Preliminary investigations of the Siilinjärvi rocks indicated a possible carbonatitic 
nature of the complex. The provisional conclusion was reached from the observed 
association of the carbonate-bearing rocks, found for the fi rs t time at Lake Särki

lampi, with the alkaline rocks known to Wilkman (1933). 

The aim of this paper is to present the available data concerning the Siilinjärvi 

complex, to prove its magmatic derivation and to show the differences from the classic 
concepts given for carbonatites. The Siilinjärvi complex represents the first carbonatite 
discovered in the Precambrian of Finland. 

GEOLOGY OF THE SURROU DING AREA 

Rocks 

The Siilinjärvi complex is located in the Iisalmi granite gneiss area, occurring 

near its southern boundary (Fig. 2) . This wedge-shaped Precambrian granite gneiss 
area is bordered by Karelian quartzites to the east at ilsiä, and schists (so-called 
Savo schists) with Karelian granites and other plutonics to the south and west (Es kola, 

1963). 
The Iisalmi granite gneiss area has been compared to the basement gneiss territory 

in the eastern and northeastern parts of Finland. The basement gneiss (some 2800 

m.y.) represents a very old peneplain representing the sub-Karelian land surface. 
Much granitic material was added to the basement rocks by plutonic intrusions and 
metabolism within the crust. 

In texture the granite gneiss va ries from a banded and perfectly granoblastic 
gneiss to a hypidiomorphic, or even-grained rock, and from coarse- to fine-grained 

rocks, invariable gneissose. The banded veined gneiss has the same constituents as 

the more homogeneous material, that is biotite-, hornblende- and epidote-rich 
portions. Among the Savo schists banded gneis ses occur outside the southern end 
of the Iisalmi granite gneiss area. The basement gneis ses are also strongly veined 
inside the granite gneiss area wh ich is observed near the carbonatite complex in its 

eastern boundary from Lake Kuuslahti to the north of Lake Saarinen. 
Outcrops of Karelian metasediments occur to the south and to the west of the 

Siilinjärvi village. The E- SWaligned schist belt some 10 km to the southeast of 
Siilinjärvi continues as a quartzite to the north of ilsiä (Wilkman, 1938). The 

similar directional alignment of this quartzite to the Siilinjärvi complex is due to 
the uniform deformation of the granite gneiss . The occurrence of the quartzite is 
explained by vertical block movements of the crust, the Nilsiä belt having been 
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FIG. 2. Geological map of the Siilinjärvi- Varpaisjärvi region. According to Wilkman 
(1935), compiled by the author . 
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preserved as a downfaulted area. The sediments were metamorphosed during tbe 
Karelian-Svecofennian diastropbism about 1 900 m.y. ago. 

The mafic Karelian orogenie plutonics include the Lapinlahti and Siilinjärvi 

gabbro massifs. The main constituents, of the often schistose Siilinjärvi gabbro, are a 
greenish tremolitic amphibole and plagioclase. The rock is intrusive in the surrounding 

gneisses, the gabbro being penetrated by a granitic material (Wilkman, 1938). 
Even-grained diorite is found between the southern end of the carbonatite 

complex and the Siilinjärvi gabbro. This diorite, which intersects tbe surrounding 

gneisses, is believed to be a differentiate of the gabbro. J udging from the presence 
of breccia, which consists of diorite fragments in a ground mass of syenite, the 
intrusion of the syenite took place after the emplacement of the diorite. The diorite 
was also brecciated by granitic material, found mainly bet\.\'een Lake Särkilampi and 
Lake Sulkajärvi to the south of Lake Sulkavanjärvi. The brecciation of diorite may 
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be compared with the pre-intrusive shock-zone in the Fen area, described by Saether 

(1957). 
The g ranitic Karelian plutonics include the Varpaisjärvi hypersthene granite 

massif some 25 km to the north of Lake Saarinen and the microline-biotite granites 

intruded in the southern boundary zone of the Iisalmi granite gneiss area. In the 
southeastern end of Lake Sulkavanjärvi reddish biotite granite occurs as narrow 
dikes in diorite as weil as in the contact zone of the syenite and granite gneiss at the 
Rikkihappo Oy (Sulfuric Acid Co.) Plant area. 

A narrow zone containing scattered occurrences of syenite and related unakite 
(Wilkman, 1928) can be traced from Siilinjärvi more than 150 km to the northwest 

towards Haapavesi and further across the Gulf of Bothnia to Sweden (see Fig. 1). 
The genetic and contemporaneous relations hip between the syenites and the gabbros 
in northern Sweden has been discussed by Ödman (1957). There the syenite series 

occurs in the orogenie zones, but seems to have formed under relatively quiet con

ditions in connection with epeirogenetic movements in areas outside the proper 
orogenie zones. In Siilinjärvi, however, no genetic connection between the syenite 
and gabbro can be established. Glimmerite and carbonatite rocks are known in 
Siilinjärvi only. 

] otnian hornblende- and pigeonite diabases cut the hypersthene granite at Varpais

järvi (Wilkman, 1938). These dikes are younger than the Karelian diabases found 
elsewhere in the granite gneiss area. 

Structural setting 

Most carbonatite provinces are part of stable continental platforms, many of 
them being situated elose to the edges of the platform and often elose to the fault 

zones that bound the platform (Heinrich, 1966) . According to Ginzburg (1962) 

the age of alkaline bodies in the peripheral parts of shields and the age of the folded 

area that bound the platform are commonly elose. The marginal fault zones which 

control the emplacement of the platform alkaline complexes are considered to luve 
formed as a consequence of the intense tee tonic disturbances in the adjacent geo
synelinal or folded zone. Verwoerd (1966) states that the carbonatites in South 

Africa may luve a connection with structures more fundamental than rift faults: 
abyssal fractures in the earth's crust. In the Maimecha-Kotui region, Siberia, (Egorov, 

1970) the ultramafic-alkaline intrusions are concentrated in the zone of deep fractures, 
often in the interseetion between fractures of two systems. 

A relatively broad deep fracture zone is located in the direction N\V'- SE from 
Lake Ladoga to Central Bothnia in Finland (see Fig. 1). The zone is indicated in 

the gravity anomaly map (Honkasalo, 1962) by a negative gravity trench, in the 
epicentres of earthquakes (Teisseyre et al., 1969) and in the most marked directions 
of the lakes. The zone is also indicated by the Lake Ladoga - Central Bothnia 
ore zone and metal province, the distribution of mafic intrusives showing a elose 

2 9426- 71 
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relationship between the concentration of ore deposits and the location of this deep 

fracture zone (Mikkola and Niini, 1968). The NW-SE direction was also noted 

by Wahl (1963) from the distribution of hypersthene granites which have the same 

areal distribution as the mafic rocks, syenites and unakites in Central Finland (see p. 9). 
The Lake Ladoga- Central Bothnia deep fracture zone is approximately per

pendicular to the seismologically active zone, extending from the Kola Peninsula 

to the Oslo region, and which contains alkaline and ultramafic intrusives. However, 
the possible relationship between these two deep fracture zones has not been es

tablished. The Siilinjärvi carbonatite complex obviously belongs to another fracture 

system. It must also be pointed out that the age of the intrusives of the Kola- Oslo 

group (350 m.y. for Sokli carbonatite; Paarrna, 1970) is much younger when compared 
with the Precambrian age of the Siilinjärvi complex (see Table 14) and other related 

syenitic intrusives located to the north of the Lake Ladoga- Central Bothnia deep 

fracture zone. 
The objective of a fracture analysis is to locate structural anomalies. There appears 

to be a significant parallelism between the directions of photogeologic fracture traces 

(photolineaments) and jointing of the bedrock. The reality of such a connection can 

be seen by comparing the rose diagrams for the strike of fractures with the rose 
diagrams for the strike of the linear land forms (Blanchet, 1957; Gol'braykh ct al., 
1966; Talvitie, 1971). 

The fracture analysis of the Siilinjärvi area was made from photolineaments 
over an area of 550 km", interpretation being facilitated by stereoscopic examination 

of aerial false-color photographs at a scale of 1: 20 000. The false-color photographs 
of the Siilinjärvi carbonatite, however, lack the abundant information obtained 

from the Sokli carbonatite, Finnish Lapland (Paarma cl al., 1968). 
The photolineament analysis can be carried out without discriminating between 

lineaments of different origin. It has been pointed out (Paarma and Marmo, 1961) 
that on mobile platforms the abyssal fractures and the tectonics of the bedrock are 
reflected even through thick sediments, and also that the Quaternary eskers are 
situated along fractures. The eskers are thus considered as »structurally controlled» 
crevasse-fillings. The tectonic directions were also obtained topographically by 

measurements of the directions of the long axis of lakes, marshes and rivers. The 

photolineament map of the Siilinjärvi area is shown in Fig. 3. The azimuth of a 
lineament having an accuracy of one degree was measured, as was also the length 

of the lineament, lineaments shorter than 500 meters were neglected. The necessity 
to weight each measured azimuth with the length of lineaments has been pointed 

out by Bodechtel and Papadeas (1968), and List and Stock (1969). 
The distribution of photolineaments is given as rose diagrams in Fig. 4. The 

smoothing procedure was carried out with a computing technique found suitable 
by Söderholm (1970) by one degree moving average of order ten degrees, this 

procedure being repeated. After this the percentage relative frequency was calculated 

for each degree of the azimuth. 
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FIG. 3. Photolineament map of the Siilinjärvi region. Interpretation from a false-color 
mosaic in original scale 1: 20 000, f1ying height 3150 m. The outlines of the Siilinjärvi 

complex are marked with dots. 
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FIG. 4. Rose diagral11 l11ap of photolineaments of the Siilinjärvi region. The map has the same 
area as in Fig. 3. The rose in the lower right corner represents the photolineaments of the entire 
map sheet. The outlines of the Siilinjärvi complex are marked with dots. N = number of photo-

lineaments. 



Kauko Puustinen: Geology of the Siilinjärvi carbonatite complex, Eastern Finland 13 

The results show that the bedrock is systematically fractured and that a fracture 
pattern (regmatic shear pattern) can be established in the Siilinjärvi area. A distinct 
maximum occurs at 302- 319°, 322- 325°, 357- 4° and 12- 22°. Other maxima 

having the bearings 31 - 35°, 50- 62° and 75- 89°. Since the directions have a 
relatively large spread due to the orientation errors of the individual aerial photo
graphs, they are only suitable for the examination of each subarea. The rose diagram 
for the entire map sheet, however, shown in the lower right corner, gives more 

precise fracture directions: 311°, 0°, and 18°, whilst the other maxima trend 55° 
and 85°. Same fracture directions were also obtained by Talvitie (1971) from the 
Kuopio area to the south of Siilinjärvi. It must also be noted that the most marked 
direction (311°) is approximately the same as the most common direction of the 
Quaternary continental ice movements. This fact obviously increases the apparent 

frequency of this direction since fractures in this direction would have been more 
easily hollowed out by the moving ice. 

The existence of the regmatic shear pattern has been proposed by many geologists 
(Blanchet, 1957; Moody and Hili, 1956; Mayo, 1958 and Haman, 1964). Moody 

and Hili (op. eil.) developed a hypothesis for the generation of fracture systems 

bya single deforming force, according to which eight sets of shear fractures develop. 
In the Siilinjärvi area the directions of the lineaments match a primary compressional 
force of 345° fairly weIl. 

Although the W- SE fractures are most abundant in the Savo schist belt, to 
the southwest of the Siilinjärvi village, a north-south fracture direction of the 

granite gneiss seems to have determined the general orientation of the Siilinjärvi 

complex. The NW- SE direction is obviously related to the Lake Ladoga-Central 
Bothnia deep fracture. Existence of the E - SW fractures explain the bending of 

the southern end of the complex towards southwest. During the post-intrusion 
time the diabase dikes Elled the W-SE fractures which were tensional at that 

time (see p. 37). The directions of the Savo schist belt are observed as a marked 
NW- SE direction and a weak north-south direction in the lower left corner of 

the rose diagram map (Fig. 4). 
A W-SE aligned fracture separates the complex in two parts at Lake Pitkä

lampi. A fracture of the same intensity trends through Lake Jaakonlampi although 

no displacement has been observed. 
The continuation of the structure controlling the location of the Siilinjärvi 

complex is indicated by the epidote- and chlorite-rich mylonite zone from Lake 
Suur-Varpanen some 20 km to the north to Varpaisjärvi (see Fig. 2). Within this 
zone plagioclase is partly sericitized albite. 

The Siilinjärvi complex has intruded the southern end of the relatively stable 
Iisalmi granite gneiss area closely to the north of the Lake Ladoga-Central Bothnia 

mobile deep fracture zone. This place representing the interseetion area of the deep 
fracture and a northerly aligned fracture, has been favorable to magma intrusions 
from deep levels of the earth's crust or the mantle. 
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GLIMMERITE-CARBO ATITE ROCKS 

Contact r elationships 

The rocks belonging to the glimmerite-carbonatite rock series are easily affected 

by erosion and consequently outcrops are scarce. Information on these rocks has 

mainly been obtained from dia mond drillings (total 102 boreholes), prospecting 
trenches and small quarries. In pI aces where the glacial drift cover is absent the 

glimmerite is seen to have weathered into a mica-rich soil, the vegetation is also 
exceptionally rich in these places indicating a carbonate-bearing bedrock. 

The Siilinjärvi complex is clearly distinguished from the surrounding basement 
granite gneiss (Map appendix). Where the contact is observed, it is sharp excluding 

a narrow zone of fenitization. 
To a large extent the glimmerite-carbonatite rocks are bordered by syenite, the 

syenite in turn being in contact with the granite gneiss. However, to the west of 
Lake Särkilampi the rocks of the central parts of the complex are in contact witb 

diorite and between Lake Jaakonlampi and Lake Saarinen with granite gneiss. The 

contact in the latter places has only been observed in drill cores. 
The complex is a subvertical tabular body witb dips varying 70- 90° W. It also 

conforms to tbe general nortb- south strike of schistosity of the surrounding base

ment. The southern end of the complex, however, bends towards southwest and 

cuts the NW- SE trending gneisses to the east of the Siilinjärvi village. The contact 
relationships between the various rock types can be studied in the railroad and road 
cuttings crossing the complex. To the west of Lake Särkilampi the glimmerite 

exhibits an intrusive contact against a fine-grained dark-colored diorite. The glim
merite contains xenoliths of fenitized light-colored diorite. 

The contacts between the Siilinjärvi complex and the surrounding gneisses are 
sometimes graduated due to fracturing in the contact zone. The phenomenon is 
observed at the northwestern arm of tbe complex to the south of Lake Suur-Varpa

nen. To the north of Lake Saarinen the syenite changes locally to a fractured unakite. 

The relationship between the glimmerite and the granite gneiss was observed 

in drill cores intersecting the complex to the northeast of Lake Pitkälampi. The 
granite gneiss contains schlieren of glimmerite. On the other hand, granite gneiss 
xenoliths have been found in the glimmerite. 

P etrology 

The core of the Siilinjärvi complex consists of aseries of rocks which does not 

contain any feldspar or quartz. It comprises a large variety of mixed rocks varying 
in composition from glimmerite (phlogopite rock) to carbonatite proper (sövite), 
amphibole- and apatite-rich varieties also occur. Various sections within the co re 

are thus distinguished and named on the basis of the relative abundance of the essential 
minerals (Fig. 5). 



% 
100 -

90-

80 -

70-

60-

50-

40-

30 -

20-

10-

0-

Kauko Puustinen: Geology oE the Siilinjärvi carhonatite complex, Eastern Finland 15 

2 3 4 5 6 7 8 

. . . . . .. . 
. ... 

.. . .. . 
0 ' • • . . . . ... 

. . .. 
" . . 

9 10 11 12 

.... .... . ... .... ... . .... .... 

13 14 

.... 
'" . .... .... . ... .... 

:::: 

a 

b 

c 

d 

e 

FIG. 5. Mineral composition (Vol. %) of the glimmerite-carbonatite rock series, Siilinjärvi. 
a = carbonates, b = apatite, c = iron oxides and sulphides, d = phlogopite, e = amphiboles and 
f = serpentine. 1- 3 = carbonatite, 4- 6 = silicocarbonatite, 7- 9 = carbonate glimmerite, 

10- 12 = glimmerite and 13- 14 = mica peridotite. 

The glimmerite is usually medium-grained with a color varying from red-brown to 
black. The main contituents are phlogopite, alkali amphibole and apatite with zircon, 

sulphides and iron oxides being present as accessories. The amphibole content of 

the glimmerite ranges up to 50 %, but usually occurs in amounts less than 15 %. 
Apatite occurs locally in high concentrations giving rise to apatite rocks. The in

dividual minerals do not show any alteration products. A type of glimmerite found 
to the north oE Lake Saarinen contains, in addition, serpentine up to 80 %. The 
rock can be c1assified as a mica peridotite (Fig. 6) . 

The presence of glimmerite in carbonatitic complexes is encountered in many 
places in the world. At Rainy Creek, Montana, (Boettcher, 1967) a core of coarse

grained glimmerite is considered to have formed from the accumulation of alkalies 
and volatiles near the roof of a biotite pyroxenite pluton. Locally, the apatite forms 

as much as 20 % of the rock, however, the average value is estimated as 2 %. In 
Palabora, South Africa, (Hanekom et al., 1965) the apatite is also associated with 
pyroxenite and glimmerite. The apatite content oE the former rock is in the average 
14.5 %, containing in addition 4.5 % of carbonates, and strictly speaking should 
preEavorably be reEerred to as pyroxenite-glimmerite. The essential apatite ore is, 
however, connected with pegmatoid foscorite (olivine-magnetite-apatite rock) with 

an apatite content of 24-29 %. 
The carbonatite proper (sövite) is a light gray, white or slightly reddish rock, 

generally medium-grained. The main constituent is calcite with phlogopite, alkali 
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FIG.6. Mica peridotite, northwest of Lake PahkaJarnpi, iilinjärvi. The olivine 
pseudornorphs are indicated by the magnetite rirns around the serpentine. 

rp = serpentine, Phi = phlogopite and erb = carbonates. 
Thin section, one nicol. 

amphibole, dolomite and apatite as accessories. The apatite is not connected with 

any specific rock type of the glimmerite-carbonatite series but occurs relatively evenly 

throughout the whole core. However, high concentrations of apatite are found in 
connection with the carbonate-rich types. For example around Lake Särkilampi 

apatite may occur in carbonatite as euhedral grains up to several centimeters long, 
giving rise to apatite sövites, whilst in other pI aces the carbonatite may be completely 

free from apatite. In many cases the sövite contains dolomite. Carbonatite with 
predominating dolomite (rauhaugite) or ankerite has not been found. 

The emplacement of the various magmatic phases of the Siilinjärvi complex took 

place in a deep-seated fracture. The latest carbonatitic phase was more readily in

truded into the glimmeritic rocks than into a more compact syenite. The grading 
over of the carbonatite into a mixed rock of a carbonate-rich glimmerite is demon

strated by the penetration of carbonates along fractures in the glimmerite host rock 
(Figs. 7 and 8). The phenomenon is exceptionally weil demonstrated near thick 
carbonatite lenses. The penetration of carbonate into glimmerite may give rise to 

a relatively homogeneous-Iooking carbonate glimmerite. Brecciation of glimmerite 
by carbonatite has also been observed in the Lake Särkilampi area. Some migration 

of carbonates have also occurred during the post-intrusional block movements. 
The name metacarbonatite is proposed by Verwoerd (1966) to cover the products 
of carbonatization of rocks. 

The emplacement of carbonatite occurred after the intrusion of syenite. In the 

northern parts of the complex a carbonate-rich marginal zone is frequently observed 
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FIG. 7. Carbonate glimmerite, Lake Särkilampi, Siilinjärvi. A banded type 
of the mixed rocks of glimmerite and carbonatite. The scale is so me 

15 cm long. 

FIG. 8. Carbonate glimmerite, Lake Särkilampi, Siilinjärvi. The phlogopite 
flakes have the anomalous absorption shema X > y = Z. Phi = phlogopite, 

Ap = apatite and Crb = carbonates. Thin section, one nicol. 

3 9426 - 71 
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TABLE 1. 

Relati ve abundance of rocks of the glimmerite-carbonatite rock series in drill cores from the Siilin
järvi complex. Calculated according to the lengths of each rock-type analyzed. 

I 
Carbonate content I i\bundance (0/0) 

Rock (%) Lake Särkilampi I Lake Saarincn 
area area Total comple>:: 

Glimmerite .... . .. ....... ....... .. . 

Carbonate glimmerite ....... . .. . .. { 

Silicocarbona ti te ........ . .. . ... .. .. . 
Carbonatite . .. .. .............. .... . 

0- 5 
5- 15 

15- 25 
25- 50 
50- 100 

12.7 
26.9 
23.7 
28.1 

8.6 

24. 9 
56.5 

9.1 
5.7 
3.8 

18. 5 
40. 6 
18.1 
16.8 

6.0 

in the glimmerite against the syenite contact, a result of the carbonate fluids being 
unable to penetrate the compact syenite through this contact. In the southern parts 

of the complex the fracture fillings of carbonate have been observed to range from 
5- 50 % in syenite. The apatite content mayaiso rise up to 15 % in these cases. 

Table 1 gives the relative abundance of rocks of the glimmerite-carbonatite 
series in the Siilinjärvi complex. The calculation was made on the basis of a total 

of 10500 meters of analyzed glimmerite-carbonatite rocks from drill cores. The 

table also illustrates the fact that the carbonate glimmerite predominates among 
the mixed rocks and that the carbonatite proper only occurs in subordinate amounts. 

An analogous phenomenon is revealed by the examination of the CO. histograms 
discussed in connection with the chemical composition of the rocks (see p. 26). 

The rocks of the glimmerite-carbonatite rock series occur completely irregularly 

without any separate units. The thickness of the end members varies from a few 

centimeters to tens of meters. This complex structure of rocks does not allow pre

sentation of a regional distribution of the glimmerite-carbonatite rocks on a small 
scale geological map. The approximate area of the glimmerite-carbonatite rocks 

is 3.9 km2 , which amounts to about 26.2 % of the total area of the complex. Except 
for some small parts of glimmerite, no satellitic bodies have been located, neither 
has any apparent zonal structure within the core been observed. 

The distribution of different types of the glimmerite-carbonatite rocks shows 

that carbonatite is most abundant in the southern parts of the complex viZ' around 

Lake Särkilampi, elsewhere only sporadic lenses are found. Here the sövite forms 

thick concordant lenses, the lateral or horizontal continuations of which have not 
been traced between adjacent boreholes which lie some 50 meters apart. The original, 
possibly dike-like sövite has later been cut into several lenses. 

According to the chemical analyses of drill cores, two parallel zones, about 50 
meters wide, were located to the north of Lake Särkilampi on the basis of their 
apatite and carbonate contents. The carbonate content of the western and eastern 

zones are 8.8 % and 26.6 % (CaC0 3), respectively, calculated from the core analyses 
of 28 boreholes. The apatite content of the eastern zone is also some 2 % higher 
than in the western zone. 
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As a whole the degree of metamorphism of the Siilinjärvi complex is rather low. 
This is shown by the fact that no reaction between the silicates and carbonates has 

been observed, indicating that the complex has not been affected to '1. large scale 

thermal metamorphism. 
The glimmerite-carbonatite rocks are slightly schis tose, but in several pi aces 

massive types also occur. The foliation may partly be primary flow structures (Hein
rich, 1966) and in some cases the foliation of glimmerite may bave originated during 

the emplacement of the syenite. Near the contact against syenite and in tbe apophyses 
outside the main complex, glimmerite is often more strongly foliated tb an in the 
middle of tbe complex. The syenite, however, is generally almost homogeneous 
and massive. 

The essential foliation is a result of post-intrusion block movements of the 

granite gneiss basement, the relatively plastic glimmerite-carbonatite rocks having 

acted as »a great greasy shear plane» among the surrounding rocks. This inter
pretation is also supported by the observation according to which the carbonatite 
dikes have been broken into separate lenses and apart of the carbonate material 
penetrated into the micaceous rocks. Thus the Siilinjärvi complex has undergone 
some dynamic metamorphism. 

Mineralogy 
Amphiboles 

Amphibole is very common in glimmerite. It represents a primary crystallization 

and does not show any sign of uralitization. Mica replaces amphibole only to a very 
small extent. In many cases the amphibole shows crystal faces. 

Provisional chemical and optical data for this slightly bluish green amphibole 
(to be published later) seem to indicate that it is related to richterite (Leake, 1969; 

Miyashiro, 1957). 
On tbe shear surfaces of glimmerite a light blue fibrous amphibole has been 

observed. This mineral is possibly related to riebeckite. 

Apatite 

This mineral occurs as gray to greenish yellow prisms and also as irregular grains 
In the glimmerite-carbonatite rocks. In thin section it is colorless. No inclusions 
have been observed. 

Chemical analyses of the Siilinjärvi apatite are given in Table 2. The mineral 

is a fluor-apatite and contains an average of 1.2 % SrO and 0.4 % RE z0 3 • 

The contents of strontium and manganese agree witb the statements by Brasseur 
etal. (1961 ) and Barth and Ramberg (1966) according to which apatite from carbon

atites show a Sr/ Mn ratio of 50 compared with 0.2 for apatite from granite pegmatites. 
According to Cruft (1966) strontium is enriched in the apatite of ultramafic, alkaline 
and carbonatitic rocks. 
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TABLE 2. 
Semiquantitative chemical composJtlOn (Wt. %) and trace element 

content (ppm) of apatite from glimmerite, Siilinjärvi. 

1. 2. 3. 4. 

Si02 .. .. ... 0.1 0.1 
Al20 3 ...... 0.1 0 . 1 0.08 0.09 
Fe20 3 ...... 0.04 0.01 0.03 0.02 
MgO ..... ,. 0.1 0.1 
CaO .... 56.4 56.1 55.17 55.46 
Na20 ...... O. S 0.3 
P205 ... 41. 4 41.6 41. 40 41. 60 
F . . . . . . . . . . 2.6 2.9 2.55 2.67 
Cl ......... . 0.9 0. 6 
CO •........ 0. 5 0.1 0.43 0.22 
Insöl. ....... 0.04 0.45 

102.6 101. 9 99.70 100.51 
- O = F, Cl 1.3 1.3 1. 0 7 1. 1 2 

Total 101. 3 100. 6 98.63 99.39 

Mn .. 700 300 100 80 
Sr . .... .. . .. 1- 2 % 1- 2 ~o 8000 7000 
Ba ... .. ... . 20 10 
Y . . . . . . . . . . 80 70 
La ........ . 800 500 
Ce . . . . . . . . . 2000 2000 
Nd ......... 500 300 
Yb ......... 10 10 

1. Apatite from glimmerite, southeast of Lake Suur-Varpanen. Analysis by Outokumpu Oy. 
2. Apatite from glimmerite, Lake Särkilampi. Analysis by Outokumpu Gy. 
3. Apatite concentrate from apatite rock, Lake Särkilampi area. Analysis by the International 

Minerals & Chemical Corporation, USA. (FZ-44 C). 
4. Apatite concentrate from apatite rock, Lake Särkilampi area. Analysis by the International 

Minerals & Chemical Corporation, USA. (FZ-44 B). 

TABLE 3. 
Distribution of the rare-earth elements (%) 
in apatite from the glimmerite-carbonatite 
rocks, Siilinjärvi. An average of four X-ray 

spectrometric analyses by Typpi Gy. 

Y 20 3 •...•..... .. .••.... 

Er20 a .... . ... . ........ . 
H0 20 3 ••••• .. ..••••••• . • 

DY203 .. ..... . ......... . 
Gd 20 3 . . .... . •..•... 

3.54 
0.08 
0.04 
0.29 
1. 90 

Eu20 3 ....•.... . ....•• 0.58 
Sm20 3 ................ 2.98 
Nd 20 3 . • . . • . . . . . . • . . . . 22.05 
Pr6 0 n . .. ......... .... .. 4.48 
Ce0 2 •.•• • ...•.•..•.•. .. 46.84 
La 20 3 ..••..• ..•. .•• . . •. ___ 17_._3_9 

101. 1 7 

.ECeRE: .EYRE = 16.4 



Kauko Puustinen: Geology of the Siilinjärvi carbonatite complex, Eastern Finland 21 

FrG. 9. Exolution lamellae of dolomite in host calcite from sövite, Lake 
Saarinen, Siilinjärvi. Specimen stained with alitzarin red S solution. 

Polished sec ti on, one nicol 

Table 3 shows the distribution of the rare-earth elements in apatite which 

clearly belongs to the cerian type of the mineral. The Siilinjärvi apatite has the ratio 
La: Ce: d = 1: 2.6: 1.3. 

Carbonates 

The principal carbonate mineral found in Siilinjärvi is a white, gray or reddish 

calcite. Dolomite occurs only in subordinate amounts and forms minute rods, thin 
lamellae (Fig . 9) or more irregular blebs in the host calcite. »Myrmekitic» dolomite 
veinlets luve also been found. The exolution structures have been recognized by 

staining the specimens with alitzarin red S solution. 

The magnesium content of natural calcite from various environments was in
vestigated by Goldsmith cf al. (1955) who found up to 9 mol. % magnesium subsituted 
for calcium in calcite which is in association with dolomite. The higher magnesium 

content attributed to carbonatitic calcite is in part due to exsolved dolomite. Ex
solution intergrowths of dolomite in host calcite have been reported in a number 

of marbles of high metamorphic grade (Carpenter, 1967) and in several carbonatites 
(van der Veen, 1965). 

Table 4 gives the chemical composition of the Siilinjärvi carbonates. The magne
sium contents in calcite are due to submicroscopic dolomite intergrowths. The 
analyzed red calcite is from a carbonate vein, a couple of centimeters wide, cutting 
the glimmerite. Analyses 2 and 3 show the chemical similarity of different calcite 
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TABLE 4. 
Chemical composition (Wt. %) and atomic ratios based on 6 oxygen atoms per unit cell of carbonates, 
Siilinjärvi. Analyses by P. Ojanperä and V. Hoffren (1 - 4 and 6) and the International Minerals 

& Chemical Corporation, USA (5). 

1. 2. 3. 4. 5. 6. 

FeO*) .. 0. 44 0.62 0.5 7 0.4 6 0.89 4. 60 
MnO . 0.32 0.20 0.1 7 0.18 0.1 0 0.67 
MgO. 1. 07 1. 2 5 1. 5 2 1. 8 0 2.12 17.1 9 
CaO .. 53.6 0 53.24 52.7 9 52. 75 52. 38 30.89 
SrO .. 0.7 8 0.91 0.9 5 0.9 6 0. 59 0.3 2 
BaO .. 0.02 0.05 0.05 0.03 0.02 0.0 7 
Ce02 • 0.0 0 0.01 0. 01 0.0 0 0.00 
CO2 . . 44.0 0 43. 94 43. 78 44.1 0 43. 79 46.3 9 
Insol. 0.09 0.11 0. 05 0.0 7 0.0 8 

100.3 2 100. 33 99.89 100. 35 99.89 100. 21 

Mg 0. 051 0. 061 1 

0"') 
0. 091 O.llJ 0") Fe+2 .. 

O"'J 
0.0 2 ~ 0.02 0.01 ~ 0. 03 0.12 

Mn . . 0.01 200 0.01 2 01 0.01 2 02 1 0.01 2 01 0.00 0. 02 
Ca 1. 91 . 1. 9 0 . 1. 89 . 1. 8 8 . 6:~ : J 2.02 

1.0 5 2.01 
Sr .. 0.02 I 0.02

J 
0.02 

0.02 J I 0.01 
Ba . . . ... .. . 0.00 0.00 0.0 0 0.0 0 0. 00 0.0 0 
C 2.00 2.0 0 2.00 2.00 1. 9 9 2.00 

*) Total iron. 
1. Calcite, reddish, from a narrow vein in gl immerite, Lake Saarinen. (71 - 1/KP- 67). 
2. Calcite, fine-grained, from carbonatite, Lake Saarinen. (71-8/KP- 67). 
3. Calcite, coarse-grained, from carbonatite, Lake Saarinen. (71-8/KP- 67). 
4. Calcite from carbonate glimmerite, Lake Särkilampi. (85-1 /KP- 67). 
5. Calcite from apatite carbonatite, Lake Särkilampi. (FZ-44 P). 
6. Dolomite from silicocarbonatite, Lake Saarinen. (R 67- 22.80). 

types In the same sövite dike, whilst 2 and 4 give the same chemical composition 

of calcite from carbonatite proper and carbonate glimmerite. 

Carbonatitic calcite differs in composition from sedimentary, metamorphic and 

hydrothermal calcite particularly in the contents of barium, strontium and rare

earths (Quon and Heinrich, 1964). Carbonatitic calcite is enriched in barium by a 

factor of 8- 800 and in strontium by a factor of 26- 170 as compared to sedimentary 

and metamorphic calcite. Generally strontium exceeds barium b y a factor of 6.5- 55. 

The Sr/Ba ratio has no significance, however, as exemplified in the Alnö carbonatite 

(von Eckermann, 1968), where the strontium contents is very 10w compared with 

the other carbonatite occurrences. 

Table 5 reviews the strontium and barium contents and the Sr/Ba ratio in carbon

atitic calcite. In Siilinjärvi the barium content is 10w but the strontium content is 

within the range characteristic of carbonatites. Metacarbonatite (Verwoerd, 1966) 

overlaps with carbonatite proper and these two rock types can therefore not be 

distinguished by means of the strontium or barium contents alone. 

The range in the 8 'Sr/ " 6Sr ratios for carbonatites is about 0.702 to 0.705, the 

most recent average for all analyzed carbonatites (Powell, 1964) being 0.7032. Sedi-
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TABLE 5. 
Strontium and barium contents (ppm) of carbonatitic calcite and dolomite in Siilinjärvi and 

other carbonatite complexes. 

Sr Ba Sr/Ba Referencc 

Calcite 
Sülinjärvi 1) ., .... • . 7100 300 23.7 This work 
Fen •••• •••• 0 ••••• 1500 360 4.2 Barth and Ramberg (1966) 
Stjernöy .......... 14900 1000 14.9 Heier (1961) 
Palabora ... . ...... 3000 2400 1. 3 Russel cl al. (1954) 
Average ...... , . .. 8500 1060 8.0 Quon and Heinrich (1964) 

Dolomite 
Siilinjärvi 2) .......• 2700 630 4.3 This work 
Average ...... . . . . 3100 320 9.7 Quon and Heinrich (1964) 

1) An average of five determinations. 
2) One determination. 

TABLE 6. 
87Sr/86Sr ratios of carbonate minerals, Siilinjärvi. Normalized to 87Sr/86Sr = 0.1194 and corrected 
so that a1l values are expressed relative to the value 0.7080 for the Eimer & Amend interlaboratory 

SrCOa standard, Lot. 492327. 

Mineral Rock Locality 87Sr/88Sr Ref. No. 

Calcite Carbonatite Lake Saarinen 0.7045 ± 0.001 0 71 - 8/KP- 67 
» » Lake Särkilampi 0.7067 ± 0.00 20 13/KP- 67 
» Carbonate glimmerite » 0.7053 ± 0.0009 85-1/KP-67 
» Calcite vein in glimmerite/ Lake Saarinen 0.70 71± 0.0011 71 - 1/KP- 67 

Dolomite ... Magnetite-rich carbonatite » 0.7 050 ± 0.0008 R 67-22.80 
Average 0.7 ° 5 7 

mentary limes tones generally have a ration greater than 0.706. An attempt has been 

made to show that this difference in the 8 7Sr/ 8 6Sr ratio of carbonatites and sedi

mentary limes tones is significant. 

The values for the 8 7Sr /8 6Sr ratio in Siilinjärvi carbonates are presented in Table 6. 
The average value of O. 706 is in the broad range given for carbonatites. The strontium 

isotopic analyses were carried out by Dr. Olavi Kouvo and Mr. Bengt Söderholm. 

It has been pointed out by Gittins cf al. (1970) that it does not appear possible 

to distinguish carbonatite from sedimentary limes tone on the basis of strontium 

isotope studies alone. The 8 7Sr /8 6Sr ratio of metamorphosed calcite from Grenville 

marble ranges from 0.7021 to 0.7090 and thus covers a spread ofvalues representative 

of both these rock types. This fact makes it clear that the correction of radiogenic 

87 Sr for initial isotopic ratios must be made for Precambrian carbonate minerals. 

Mica 

According to the chemical and optical data (to be published later), the mlca of 

the glimmerite is phlogopite reiatively rich in iron. In thin section it is mainly brown 
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with weak pleochroism. Especially around Lake Särkilampi, however, the phlogopite 
is reddish brown and shows an anomalous pleochroism with the absorption X > 
Y = Z. The distribution of this type of mi ca is irregular. Transitions of the anom
alous to the normal mi ca types may possibly be found. 

In thin section phlogopite looks fresh and shows no sign of being an alteration 

product of amphibole or pyroxene. Zoned structures, as described by Larsson (1943) 
from the Kalix kimberlite dikes, have not been seen. In the Turja Peninsula Kranck 

(1928) has observed that the anomalous phlogopite is an alteration of biotite in 
carbonatite dikes, where it especially seems to occur in connection with melanite. 
The anomalous phlogopite has been found in numerous carbonatite complexes and 
seems to be a typomorphic mineral to these rocks. 

An opposite opinion of the primary magmatic origin of phlogopite in carbonatite 

complexes is proposed by the Russians (Kononova et al., 1969). They state that 
in the Kovdor complex, Kola Peninsula, the mica has been formed by metasomatic 

processes from olivinites and from surrounding alkaline rocks. In Siilinjärvi, how
ever, no sign of phlogopite alteration has been observed and consequently the mica 
must be considered as a primary mineral. 

The reverse pleochroism of th e anomalous phlogopite is due to Fe 3 + in tetra
hedral sites of the mica structure (Faye and Hogarth, 1969); in this case Al3 + has 

been partially or completely replaced by the Fe 3+ ions. Rimskaya-Korsakova and 

Sokolova (1964) call this kind of mica tetraferriphlogopite and conclude that the 
reverse pleochroism results from aluminium defiency in the mi ca structure Fe 3 + 

compensating for aluminium in the tetrahedral sites. 

Table 7 shows the chemical composition of Siilinjärvi phlogopite. The analysis 
is not, however, from an anomalous phlogopite. Optical data for the specimen are 
not available. 

TABLE 7. 
Chemical composition (Wt. %) and atomic ratios based 
on 12 oxygen atoms per unit ce!! of phlogopite (14- 0- 2) 
from glimmerite, south of Lake Särkilampi, Siilinjärvi. 

Analysis by Outokumpu O y. 

Si02 ••.••.• 43 . \ 8 Si .. ... .... . 
TiO. ... .. .. 0.32 Ti ........ . 
Al 2Ö3 ..••• . 10. 22 Al ........ . 
Fe20 3 ..•... 3. \ 5 Fe3 + . . . ..•.. 
FeO ..... ... 5. 24 Fe2 + ....•. . . 
MnO .. . .. 0.0 5 Mn 
MgO ....... 23.88 Mg ....... . 
CaO . . . . . . . . 0.70 Ca ........ . 
Na 20 ...... 0.18 Na ........ . 
K 20 . ..... . 10.03 K ......... . 
P205 . . ..... 0.\2 
F .......... 0.7 5 F 
I-I20 + 2.22 OI-I 
I-I20 - . ... . . 0.38 

100.42 Z .......... 
- 0 = F .. 0.32 Y .... . ..... 

Total 100.10 X ... .. ..... 

3.15 
0.02 
0.88 
0.17 
0.32 
0.00 
2.60 
0.06 
0.03 
0.93 

0.17 
1. 0 8 

4.0 0 
3.14 

1. 02 
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fron oxides and sulphides 

Magnetite is found in almost all vaneUes of the glimmerite-carbonatite rocks. 
The amount of magnetite is less than a couple of per cent. In some drill cores from 

the Lake Saarinen area massive magnetite has been found in carbonatite. The relatively 

high magnetite concentration in the area to the north of Lake Pahkalampi is, how
ever, due to the serpentinization of olivine of the most ultramafic varieties of glim

merite. 

The magnetite specimens from Lake Saarinen contain, in addition, some pyrite, 

pyrrhotite and chalcopyrite. The chalcopyrite shows exsolutions of cubanite and 
valleriite. Bornite, covellite, chalcocite and neodigenite replace the chalcopyrite . 

The minerals were identified optically. 

Serpentine 

Serpentine has only been found in connection with mica peridotite in the northern 

end of the complex, to the northwest of Lake Pahkalampi. The serpentine occurs 

as a dense dark greenish mass and is an alteration product of olivine. Pseudomorphs 
of olivine witb magnetite rims are almost invariably observed in thin sections (Fig. 6). 
The serpentine is antigorite. 

Z ircon 

Zircon occurs mostly connected with the amphibole-rich parts in glimmerite 
and has only been found sparsely in carbonatite. It often forms !arge euhedral crystals 
up to several centimeters long, the characteristic orange fluoresence of which can 
be clearly seen in ultraviolet light. In thin section no pleochroic halos are observed 

around the zircon crystals. According to a neutron activation analysis (Reactor 
Laboratory oE the Technical University, Otaniemi) the zircon contains 1.21 % 
hafnium. 

Chemical composition 

The chemical composition oE the glimmerite-carbonatite rocks 1S given in 
Table 8. 

The extension oE the glimmerite-carbonatite rock masses found in the Lake 

Särkilampi and Lake Saarinen areas were studied by means of 15 boreholes in the 
former area and 35 boreholes in the latter. The drill cores were analyzed for phos

phorus, carbon dioxide and potassium, each analysis representing 1. 5- 8 meters of 
the core. In order to obtain comparable data only analyses made by Typpi Oy were 
used. The results oE single analyses are not reproduced here since the results are 
presented in histogram form only (Fig. 10). This figure illustrates the approximate 

4 9 42 6-7 1 



26 Bul!. Comm. geo!. Finlande N:o 249 

TABLE 8. 

Chemical composition (Wt. %) of the glimmerite-carbonatite rock series, Siilinjärvi. 

Si02 
Ti02 

120 a A 
F e20 3 

. . . . . . . 

. . . ... . 
.. .. . . 
. . . . . . 

FeO . . .. . . . . 
MnO . .. . . . . 
MgO . .. . . . . 
CaO .... .. . . 
BaO . . . . .. .. 
SrO . . ... . .. 
Na20 . . .. . . 
K 20 ... .. .. 
P20 S .. . . . . . 
Zr02 • .. .... 
CO2 • • ...... 
F . . . . . . . . . . 
H 2O + .. . . . . 
H 2O - . .. ... 
1nsol. .. ... . 

- O = F ... 
Total 

1. I 

1. 59 
0. 02 
0. 10 
0. 70 
0. 09 
0. 09 
2. 62 

50. 95 
-

-
1. 42 
1. 20 
0. 35 

-

41. 00 
-

0.1 5 
0. 06 

-
100. 32 

I -
- I 

2. I 3. I 4. 

- I 14.97 25.72 
0.00 0.1 2 0. 05 
0.00 1. 7 0 8.1 6 
0.0 4 0 . 59 7. 60 
0.83 - 2. 58 
0.1 8 0. 01 0 .06 
2. 26 5. 84 23. 31 

52. 34 36.65 15.58 
- 0.07 -
- 0. 47 -
- 0.8 1 2. 70 
- 3.61 2. 50 

0. 10 24.80 0. 44 
- 0. 20 -

43.95 1. 3 0 6.12 
- 1. 48 -

- - 5. 44 
- - 0. 05 

0.1 5 - -

99.85 
I 

100. 62 
I 

100.3 1 
- 0.62 -

I 
100. 00 I - -

1. Sö vite, south of Lake Särkilampi. Analys t: T. K oljonen. (113/KP- 68). 

I 

I 

I 

I 

I 
I 

I 
I 

2. Sövite, west of Lake Särkilampi. Analysis by the Geological Survey of Finland. 

5. 

40. 76 
0. 30 

10.1 3 
5.00 
3. 13 
0.2 9 

24.58 
0. 92 

-
-

0.30 
10. 20 

0. 75 
-
-

0. 67 
2.1 7 
0.1 2 

-
99. 95 

0. 28 

99. 67 

3. Micaceous apatite rock, Lake Särkilampi area. Analysis by the International Minerals & Chemical 
Corporation, USA. (FZ-44 L). 

4. Mica peridotite, north of Lake Pahkalampi. Analyst: T . Koljonen. (104/KP- 67). 
5. Glimmerite, Lake Särkilampi . Analyst: T. Koljonen. (Oh 735). 

Gaussian dis tribution of P 20 S (a measure of the amoun t of apatite) and K 20 (mica) 
and, on the o ther hand, the considerable variation in the conten t of CO 2 (carbonate 

minerals) . 
According to the histog rams the conclusion may be drawn that apatite is mainly 

connected wirh glimmerite, which may contain some carbonates (1 - 3 %). The 

carbonate content originates from the carbonatire proper an d through carbonatization 
of the glimmerite. The field observations support these conclusions. The Lake 

Saarinen area has a phosphorus content about 1 % high er than the Lake Särki
lampi area, but a lower carbon dioxide conten t. 

The trace element content of some specimens of the glimmerite-carbonatite rocks 
is presen ted in Table 9. The carbonatite shO',vs higher stron tium, barium and 
manganese contents than the glimmerite; the rare-earths are mainly connected with 

apatite. 
Twenty-nine random specimens of the glimmerite-carbonatite r ocks were analyzed 

for niobium using an X-ray spectrometric meth od. The results, which will not be 
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FIG.10. Histograms of P20S' CO 2 and K 20 contents (% ) of the glimmerite-carbonatite rock series 
from Lake Saarinen and Lake Särkilampi areas, Siilinjärvi. N = number of specimens, X = arith

metic mean and X = median. 

reproduced in detail here, show that the Nb 20 S content varies from less than 0.01 % 
to 0.02 %. The niobium content is, however, higher than the average niobium 
content of igneous or sedimentary rocks. The progressive increase in the content 
of niobium occurs with the transition from pyroxenite through more alkaline rock 

types to pegmatite, or within different magmatic or postmagmatic phases (Parker 

and Fleischer, 1968). However, niobium-rich carbonatite was not found in Siilinjärvi. 
The enrichment of niobium to pegmatite is discussed in detail on page 32. 

A comparison of the trace element contents of the glimmerite-carbonatite rocks 
of the Siilinjärvi complex with the average trace element contents of carbonatites, 
igneous rocks and sedimentary limes tones, as given by Gold (1964) are compiJed 

in Table 10. The trace element distribution is similar to that in most carbonatite 
complexes, i.e., pronouced enrichment of Sr, Ba, RE (especially cerium earth 

elements), Zr, Nb, Fand possibly also Ti . The content of phosphorus is notably 
higher than in other igneous rock, these having an average content oE 0.22 %. 
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TABLE 9. 
Trace element content (ppm) of the glimmerite-carbonatite rock series, Lake Särkilampi area, 
Siilinjärvi. Spectrographic analyses by the International Minerals & Chemical Corporation, USA. 

1. I 2. I 3. I 4. 

Ti .... . * 800 

I 
1500 I -

V ...... * 30 50 80 
Mn .. , . 800 3000 700 300 
Cu ..... 10 10 20 1 * 
Sr ... .. 4000 3000 2000 1000 
Ba ..... 100 200 200 

I 

200 
Zr ..... * 300 * 200 
Co ..... - 10 10 -
Ga ..... - -

1 * -
Sc ..... * - - -
y .... .. * - - -
La ..... * - - -
Yb .... . * - - I -

9. I 10. I 11. I 
I 

I Ti .... , 2000 500 

I 

800 
V ...... 50 * 100 
Mn .... 300 70 200 
Cu ... . . 50 80 20 
Sr ... . . 500 500 1000 
Ba ... -, 10 10 5 
Zr ..... - - 70 
Co ..... 10 * -
Sc - - 60 ..... 
y ...... - - * 
La ..... - - * 
Ce ..... - -

I 
-

d . . .. - - -
Yb . . . . . - - * 
* = not detected 

1- 2 Carbonatite (FZ-44 P, G). 
3- 4 Silicocarbonatite. (FZ-44 I, E). 
5- 8 Carbonate glimmerite. (FZ-44 J, , K, F). 
9- 12 Glimmerite. (FZ-44 H, D, M, 0). 

13- 15 Apatite rock. (FZ-44 L, C, B). 

I 5. 

I 
1500 

70 
800 

* 
2500 

200 
300 

* 
5 

-
-
-
-

I 

12. I 
2000 

60 
100 

5 
300 

5 
300 
-
* 
* 
* 

-
-
* I 

TABLE 10. 

I 6. I 7. I 8. 

I 
500 2000 500 

40 30 * 
100 500 200 
30 5 * 

500 2000 400 
5 300 80 

I * 100 -
- 10 -
- 5 -
* - -
* -

I 
-

* - -
* I - -I 

13. I 14. I 15. 
I 

I 
700 300 200 

* - -
100 100 80 
10 * 

I 
* 

4000 5000 6000 
600 10 10 

1500 - -
- - -
* - -

100 60 100 
500 300 300 

- 1500 2000 
- 400 500 
10 * I 8 

Average abundance of trace elements (ppm). Comparision between glimmerite-carbonatite rocks 
from Siilinjärvi and average values as given by Gold (1964). 

Sc .... . . . ... .... . 
Co ............ . . . 
V ............... . 
Cu ....... . 
Ga ..... . . . .. . ... . 
y ........ .... .. .. 
Zr .... . 
Nb . . .. .. . ....... . 
Sr .. .. . .. . .. . . .. . . 
Ba ... . .. .. ...... . 
Ti . ... ..... . .. . . . 1 

Mn ..... . . . ... . .. ! 
F .............. .. 
L'RE . . .......... . 

Siilinjärvi 

10 
10 
60 
20 

5 
90 

400 
50 

2200 
130 

1000 
490 

5200 
2600 

I Carbonatites I 

I 10 I 
19 

105 
88 

2 
114 
461 
560 

7530 
4030 
3750 
6040 
3800 
4800 

Igneous rocks 

13 
18 
90 
70 
26 
20 

170 
23 

254 
269 

5550 
774 
600 
130 

I Sedimemary limcsrones 

0.1 
20 

4 
4 

30 
19 
0.3 

592 
9 

525 
1080 

330 
25 
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FIG. 11. Geological map of the Kaareslahti satellite 
syenite massif, Siilinjärvi. 

SYE ITE 

Petrology 

Two satellitic massifs of syenite occur outside the maID Siilinjärvi complex viZ' 
In Kuivastenmäki, about 6 km to the northwest of the Siilinjärvi village, and about 
7 km to the east of Lake Särkilampi in Kaareslahti. The Kaareslahti syenite has 
been mapped in detail (Fig. 11 ). 

The transition of syenite to microcline granite to the southeast of Lake Jaakon
lampi, in the central parts of the complex, as proposed by Wilkman (1933) could 
not be verified. Instead of the microcline granite a banded gneiss was found in 
this area. 

In the main, the syenite mantles the glimmerite-carbonatite rocks on almost all 
sides. In the northeastern arm of the complex, to the north of Lake Pahkalampi, 
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FIG. 12. Mineral cornposltlon (Vol. %) of syenite, rnelasyenite and feldspar 
pyroxenite, Siilinjärvi. a = feldspars, b = carbonates, c = apatite, d = iron 
oxides and sulphides, e = biotite and phlogopite, f = arnphiboles and g = 
pyroxene. 1- 6 = syenite, 7- 8 = rnelasyenite and 9- 10 = feldspar pyroxenite. 

no glimmeritic rocks were observed. Syenite is more abundant in the northern parts 
of the Siilinjärvi complex than in the southern parts, especially to the south of Lake 

Särkilampi. 
The syenite occurs as dikes or irregular masses in the glimmerite, the occurrence 

of syenite dikes increasing near the contact against the main marginal syenite. This 
phenomenon was observed in the cores of the diamond drillings. 

The most common type of syenite is reddish, greenish gray or gray in color, 
having a grain size which varies from fine to coarse. The main constituents are 

microcline (often perthitic), amphibole and pyroxene (Fig. 12). Albite, quartz (less 

than 3 % ), carbonates, apatite, biotite, sulphides and iron oxides being found as 
accessories. The amount of feldspars is 40-95 %, sometimes giving rise to almost 

monomineralic rocks. The total amount of amphibole and pyroxene may rise to 

50- 60 %, but is usually less than 25 %. 
Based on the dominating or exceptional mineral composition, the following 

types of syenite can be distinguished: pyroxene syenite, amphibole syenite, carbonate 
syenite, quartz syenite, aplitic syenite, quartz-aegirine syenite, unakite, hybrid rocks 
between glimmerite and syenite (feldspar pyroxenite) and melasyenite. The carbonate
rich types were formed during the emplacement of the carbonatite. 

An unakitic variety of syenite is located near the gneiss contact in the eastern 

part of the complex, between Lake Saarinen and Lake Pahkalampi. The rock is 
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FIG. 13. Melasyenite, northwest of Lake Pahkalampi, Siilinjärvi. Note the 
nodulous amphibole (Al) ' Bt = biotite, A z = amphibole and Fs = feldspars. 

Thin seetion, one nicol. 

fractured and contains epidote as veinlets and secondary minerals. The quartz content 

is relatively large. The chemical composition of unakite is given in Table 13, analysis 3. 

Hybrid rocks of glimmerite and syenite occur as xenoliths to the north of Lake 

Saarinen. As the glimmerite-carbonatite rocks were defined earlier in this paper as 
feldspar-free rocks, these hybrids are treated in connection with syenite. The prom
inent feature of the hybrid rocks is the fact that in addition to the minerals of the 
glimmerite, they contain feldspar and(or pyroxene. According to this mineral com

position the hybrids can be classified as a feldspar pyroxenite. The grading over of 
these rocks from mica pyroxenite or glimmerite to syenite is also observed in some 

places. In Palabora, South Africa, the feldspar pyroxenites have been formed as a 

result of the emplacement of syenite in pyroxenite (Hanekom cf a/., 1965). 
A narrow dike of melasyenite, approximately 4 km long, is found trending 

north-south from Lake Saarinen to the north of Lake Pahkalampi. The dike is 
20-30 m wide and the contacts look sharp. On the magnetic map the dike is indicated 
as an almost continuous positive anomaly. The main constituents are an altered 

and zonal amphibole (possibly alkaline), biotite, alkali feldspar and magnetite (Fig. 

13), and shows a similarity to shonkinite. Precambrian melasyenite is found in Ute 

Creek, Colorado, the rock possibly being connected with the Powderhorn carbonatite 
complex (Barker cf a/., 1970). The Ute Creek melasyenite, however, contains more 
felsic minerals than the Siilinjärvi melasyenite. 
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FIG. 14. Fergusonite from quartz-aegirine syenite pegmatite, north of Lake 
Saarinen, Siilinjärvi. Thin section, one nicol. 

Mineralogy 
Feldspars 

The most eommon felds par in syenite is mierocline, sometimes perthitie. In 
two outerops, to the northwest of Lake Pahkalampi, mierocline forms also brownish 

ovoids with gray rims. Albite only oeeurs in subordinate amounts and nepheline 

has not been found in any of the syenite varieties. 

Ferromagnesian minerals 

The ferromagnesian minerals are essentially made up of aetinolite and aegirine

augite. Replaeement produets of amphibole in pyroxene have sometimes been 
observed in thin seetions, and in these eases the amphibole shows bluish pleoehroism 
eolors and possibly represents an alkaline variety. 

Biotite is found only sporadieally in the syenite. In thin seetion the mineral looks 

like a relatively iron-rieh biotite and no anomalous pleoehroism varieties have been 

observed as in eonneetion with the phlogopite in glimmerite. 

Niobium-bearing minerals 

iobium-bearing minerals have been found from two quartz-aegirine syenite 
pegmatites in the northern part of the eomplex. 

In several outerops about 2 km to the northeast of Lake Pahkalampi a niobium

rieh sphene has been found in the eontaet zone between the syenite and granite gneiss. 
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TABLE 11. 

Results of chemical analyses (Wt. %) and normative composition of syenite, Siilinjärvi. 

1. Syenite, Saenharju, northwest of Lake Pahkalampi (Wilkman, 1933). 
2. Syenite, north of Lake Jaakonlampi. Analysis by Wärtsilli Oy and the State Institute for Tech- 

nical Research. (231Sy). 
3. Syenite; north of Lake Saarinen. Analysis by Wärtsilä Oy and the State Institute for Technical 

Research. (12/Sy). 
4. Syenite, Kaareslahti sateiiite massif (Wilkman, 1933). 

The euhedral crystals show the characteristic X-ray powder Pattern of sphene. An 
X-ray spectrometric analysis shows a niobium content of Nb,O, = 2.4 X, which 
is relatively high compared to the maximum Nb20,  = 1.20 % for sphene from the 
carbonatite complexes of the Kola Peninsula (Kukharenko et al., 1965). 

In the syenite to the north of Lake Saarinen an approximately one meter wide 
quartz-aegirine dike was intersected by diamond drilling. The margins of this dike 
are relatively strongly radioactive due to the presence of thorium-bearing minerals. 
The following accessory minerals have been identified: fergusonite, columbite and 
zircon (various metamict stages). 

Fergusonite occurs as light brown wedge-shaped completely metamict crystals, 
measuring up to 10 mm (Fig. 14). The mineral was identified by X-ray powder 
photographs using the heat treatment developed by Lima de Faria (1964). After 

SiO, ............. 
TiO, ............. 
Al,O, ............ 
Fe,O, ............ 
F e 0  ............. 
M n 0  ............. 
M g 0  ............. 
Ca0 ......:....... 
Na,O ............ 
K 2 0  ............. 
P20, ............. 
H 2 0 +  ........... 
H,O- ............ 
CO, .............. 
Ign. loss .......... 

QZ ............... 
Or ............... 
Ab ............... 
An ............... 
c t  ............... 
Di ............... 
Hy ............... 
Cor .............. 
Mt ............... 

2. 

66.76 
0.08 

19.33 
0.12 - - 
- 

0.16 
0.31 
8.17 
4.70 
- 
- 
- 
- 

0.23 

99.8 6 

0.36 
26.7 5 
70.6 1 

1.45 

- 
0.42 
0.27 
0.04 
0.10 
- 

1. 

58.75 
0.14 

13.86 
1.76 
1.73 
0.06 
2.06 
7.01 
2.00 
8.10 
1.15 
0.55 
0.09 
2.90 
- 

100.16 

8.66 
47.9 5 
18.00 

4.93 
7.34 
3.24 
5.44 

1.84 
I1 ................ 1 0.20 
A p ............... 2.40 

3. 

65.15 
0.05 

18.55 
0.19 
- 
- 
tr. 

0.12 
1.75 

13.72 
- 
- 
- 
- 

0.3 1 

99.8 4 

2.08 
80.85 
15.65 

0.60 
- 
- 
- 

0.66 
0.10 
0.06 
- 

4. 

64.8 7 
0.55 

16.53 
2.04 
1.76 
0.05 
0.36 
2.97 
6.61 
2.80 
0.24 
0.51 
0.16 
0.32 

99.77 

10.07 
16.45 
59.00 

7.13 
0.80 
3.12 
0.04 

2.12 
0.76 
0.51 
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TADLE 12. 
Results of chemical analyses (Wt. %) and 
normative composition of melasyenite and 
feldspar pyroxenite, Siilinjärvi. Analyst: 

T. Koljonen. 

1. Melasyenite, Lake Pahkalampi. (76/KP-67). 
2. Feldspar pyroxenite, northwest of Lake Pahkalampi. (135-1/KI'-68). 

heating in air at 700' C for three hours the rnineral gave the powder pattern of the 
tetragonal fergusonite whilst after heating in air at 1 000° C for one hour the powder 
lines of the monoclinic W O ,  were obtained. According to Vorma eb @E. (1966) 
the inhomogenous parts of fergusonite observed in thin sections are due to various 
Stages of hydratation. 

Columbite is found as black grains measuring up to 5 mm. A microprobe test 
shows that the columbite is an aimost pure FeNb,O,. The unheated rnineral gives 
the powder pattern of columbite, howeyer, an additional unidentified phase is devel- 
oped when the rnineral is heated in air at 1 000°C for one hour. 

The enrichment of thorium in a late Stage of Syenite pegmatite in Siilinjärvi 
could be explained in a way analogous to that presented by Polyakov and Volynets 
(1961). They found that in the Silicate rocks of an alkaline-carbonatitic complex 
the thorium content increases with decreasing age, is highest in the youngest peg- 
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matitic and metasomatic rocks, and then drops again during the carbonatitic Stage 
if pyrochlore and monazite are absent. The scintillometric tests of the Siilinjärvi 
glimmerite-carbonatite rocks did not show any concentrations of thorium. 

Chemical composition 

The chemical composition of the Siilinjärvi syenite is presented in Table 11. 
Analyses 2 and 3 represent alkali feldspar-rich varieties of syenite, the values given 
being averages of two separate analyses from the Same specimen. The Kaareslahti 
syenite massif contains more plagioclase than the syenite in the main complex. 
This difference in mineral composition between the Siilinjärvi and the Kaareslahti 
syenites is reflected in the chemical composition as Seen from Table 11, analysis 4. 

Table 12 presents the chemical composition of melasyenite and feldspar pyrox- 
enite. 

FENITE 

The term fenitization, as generally used, embraces the whole Pattern of wide- 
spread metasomatism of rocks of varied composition in the immediate environment 
of carbonatite complexes. The source of metasomatism must be related to  a carbonatite 
magma rather than to an alkaline silicate magma. This conclusion is shown by the 
presence of fenites around carbonatite plugs without any significant intrusion of 
magmas of the ijolite-melteigite Suite. 

In  general fenitization involves chemically a strong decrease in the Si and a strong 
increase in the Na and Fe concentrations; Al, K and Mg tend to increase or remain 
constant whilst Ca tends to  increase, principally as calcite. The minor constituents 
such as Ti, Mn and P tend to increase or remain constant. 

The sequence of rnineralogical changes in rocks of granitic composition through 
the zones of progressive fenitization leads ultimately to a rock composed of ortho- 
clase cryptoperthite and soda-pyroxene with some albite and soda-amphibole. 

As a result of the deep plutonic emplacement conditions a wide fenitic margin 
was not formed around the Siilinjärvi complex. During the intrusion the cracks in 
the bedrock were firmly closed and the metasomatic fluids from the carbonatite 
magma were not able to enter the surrounding rocks. A narrow fenitic zone, possibly 
only some meters wide, was therefore developed, but is not easily located everywhere. 

Macroscopically the Siilinjärvi fenites can be distinguished by the presence of a 
light green alkali amphibole in the surrounding gneisses. Since the fenitization takes 
place in situ the primary structures of the altered rock, such as foliation, are preserved. 

An almost continuous fenitic Zone parallel to  the main carbonatite complex was 
foixnd between Lake Sulkavanjärvi and Lake Särkilampi. The fenites are mainly 
metasomatic alteration products of diorite and are located in the contact Zone against 
diorite and granite gneiss (see Table 13, analysis 2, for the chemical composition). 
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Results of chemical analyses (Wt. %) and normative composition of fenites, Siilinjärvi. Analyst: 
T. Koljonen. 

1. Fenite, railroad cutting, contact of syenite and gneiss, east of Lake Särkilampi. (55-6/KP-67). 
2. Fenite, fenitic Zone in diorite, West of Lake Särkilampi. (3/KL-67). 
3. Unakite from syenite, south of Lake Saarinen. (43lKP-67). 
4. Granite gneiss, northwest of Lake Saarinen. (70-3lKP-67). 

SiO, ............. 
TiO, ............. 
N,O, ............ 
Fe,O, ............ 
F e 0  .............. 
M n 0  ............. 
M g 0  ............. 
Ca0 .............. 
Na,O ............ 
K,O ............. 
P,O, ............. 
HzO+ . . . . . . . .  
H20-  . . . . . . . .  
CO2 . . . . . . . . . .  

Qz ............... 
Ot  ............... 
Ab ............... 
An ............... 
Ne ............... 
Ac ............... 
Di ............... 
0 1  ............... 
Mt ............... 

............... ip ................ 
w o  .............. 
He ............... 

In the railroad cutting, to the east of Lake Särkilampi, a typical fractured veined 
gneiss is Seen to grade into a relatively homogenous gneiss near the sharp syenite 
contact; this syenite also contains large xenoliths of basement gneisses. The appearence 
of alkali-rich minerals has not, however, been observed macroscopically (Table 13, 
analysis 1). 

The fenite at Lake Saarinen has the appearence of a quite homogenous gneiss. 
The main constituents are a strongly altered feldspar, quartz, amphibole and a very 

1. I 2. I 3. I 4. 

iron-rich biotite. 
Fenite features in granite gneiss, such as alkali amphibole and alkali feldspar-rich 

portions, can be traced in a Zone up to two kilometers to the north of the northern 
end of the complex, a phenomenon also observed by Wilkman (1933). 
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The albite rocks and carbonate-sericite rocks, located between Lake Jaakonlampi 
and Lake Pitkälampi, can also be regarded as fenites. Albitites and aegirine-albite 
rocks from the Sangu carbonatite, Tanzania, have been described by Coetzee (1963) 
as rocks that have formed through a process of fenitization. 

The chemical composition of some fenites from Siilinjärvi are given in Table 13. 
For comparison, a chemical analysis of granite gneiss from Lake Saarinen area is 
included in the table. The following conclusions can be drawn from the study of 
these analyses, especially analyses 1 and 2: the rocks appear to contain normative 
nepheline, acmite and olivine, although these minerals have not been observed; the 
silica content is low, and no  normative quartz results. Compared with the common 
granite gneiss, the fenites display a silica defiency and an enrichment of alkalies. 

DIKE ROCKS 

Some highly metamorphosed dikes which may genetically be related to the 
carbonatite complex occur within the Siilinjärvi area. The rocks can be found in 
the railroad cuttings in the contact between the syenite and basement gneisses in 
the Lake Särkilampi area, and among the glimmerite-carbonatite rocks at Lake 
Saarinen. 

Petrographically the rocks are very variable, some dikes being related to  lampro- 
phyres. The main constituents are biotite, calcite, feldspar or epidote and quartz. 
The dikes have the features of an intrusive rock, as sharp contacts, and contain 
xenoliths of the host rock. Some of these dikes may also be mylonitic contact rocks. 

Lamprophyre dikes at the Siilinjärvi village have previously been described 
(Wilkman, 1938) as have those of Niinivaara at Kaavi, some 60 km to the southeast 
of Siilinjärvi (Hackman, 1914). 

After the emplacement and consolidation of all the members of the Siilinjärvi 
complex, extensive intrusion of the diabase took place in the form of dikes. The 
thickness of the dikes varies from a few centimeters to more than 100 meters. 

The strike of the diabase dikes is generally roughly NW-SE, but dikes trending 
the directions N-S and NE-SW can also be found in the border Zone of the complex. 
Three obvious sets of diabase are located around Lake Särkilampi, Lake Saarinen 
and in the northeasterly syenite arm, some 2 km from Lake Pahkalampi. I t  is possible 
that the dikes have intruded the fractures along which the syenite blocks moved 
during the later block movements. The phenomenon is also observed around Lake 
Pitkälampi where the NW-SE fracture possibly divides the complex into two 
separate Parts. Most of the diabases are observed to continue outside the complex. 
The contact between the diabase and all the other rock-types is sharp and chilled 
marginal zones are often developed. 

The diabase is a compact rock, dark greenish to almost black in color and generally 
medium grained. Petrographically this hornblende-bearing diabase resembles the 
Karelian metadiabases (See also p. 9). 
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FEATURES CHARACTERISTIC OE T H E  SIILINJÄRVI COMPLEX ' 

The Siilinjärvi carbonatite complex is not unique but unusual in several respects: 
its elongated form, age, the composition of its ultramafic phase, the presence of 
mixed rocks of glimmerite and carbonatite and the absence of typical rare minerals. 

The shape of the Siilinjärvi complex is strikingly different from the most common 
carbonatite complexes. In most cases the complexes have the shape of a circular 
ring Pattern, however, tabular carbonatite occurrences have also been described: 
Sangu (Coetzee, 1963) and Songwe (Brown, 1964) in Tanzania, Kaluwe in Zambia 
(Bailey, 1960), Söröy in northern Norway (Sturt and Ramsay, 1965) and Lonnie 
Creek in Canada (Rowe, 1958). The largest of them, the Sangu carbonatite, is 
composed mostly of sövite and its total length is about 25 km and breadth up to 
1.6 km. 

According to Ginzburg (1962) the shape of the »massifs of the central type» 
is controlled by the time relationship of the intrusive period to  the period of de- 
formation of the wall rock. Thus, if the emplacement occurred in a relatively quiet 
tectonic environment the shape tends to be circular, whilst if contemporaneous 
tectonic movements affected the structures which controlled or guided the intrusion 
the shape becomes elliptic, elongated parallel with the axis of the controlling structure. 
The massifs of the latter type lie within the marginal seams of the bounding folded 
areas (see p. 9). 

The radiometric age of the Siilinjärvi conlplex is some 2 500 m.y. determined 
with the K-Ar method from amphibole (Table 14). The datings from amphiboles 
are generally regarded to Le reliable. The amount of Ar in mica is affected by many 
factors and tends to givc unsatisfactory results. The K-Ar method usually gives 
the minimum age of the matomorphism and therefore the ages around 2900 m.y. 

' are anomalously high. 
Generally the carbonatite compleses are comparatively young (See p. lo), however, 

several Precambrian carbonatites have been found in the world vix. Palabora, 2060 
m.y. (Hanekom e t  al., 1965). The Siilinjärvi carbonatite complex is thus the oldest 
in the Baltic Shield and probably of those recorded in the world. 

In rnany of the ring complexes the sequence of formation and emplacement is: 
ultramafic rocks with ore mineralizations, ijolite, nepheline syenite, syenite, carbonatite 

Ages of minerals from the Siilinjärvi csrbonatite complex. Determinations by the Isotope Geology 
Unit, Geochemical Civision, Institute of Geological Sciences, London. 

I 
Alineral / Roch 1 Localit) / 4ge (m Y.) I Ref No. 

I I I 
Phlogopite . . 

)) . . 
>) . . 
B . . 

Richterite . . . 
Actinolite . . . 

Carbonatite ' Lake Särkilampi 2 878f 61 
Carbonate glimmerite I B 1 2919&115 
Apatite-phlogopite vein )) 

Glimmerite Lake Saarinen 
)) I >) 

Syenite I Lake Sarkilampi 

2 025* 33 
2 1 7 3 1  30 
2 564& 47 
2 304f 42 
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and dike rocks (Heinrich, 1966). I n  Siilinjärvi, instead of pyroxenite an alkali-rich 
glimmerite occurs, whilst due to an excess of silica, nepheline is not formed during 

the feldspar-rich phase. The chemical variability is, however, proved by almost 
monomineralic serpentine, amphibole and mica rocks of the ultramafic phase. 

The widespread formation of mixed rocks between glimmerite and carbonatite 
is a result of the emplacement in the »deep plutonic Zone» where the upward prop- 
agation of carbonatitic magma was only able to take place in a narrow intrusion 
channel. The plutonic depth also explains the absence of the fenitic margins typical 
of carbonatitic complexes. The metasomatic fluids were not able to proceed outwards 
from the intrusion channel in the host basement gneiss, this being almost free from 
cracks. 

In addition to  the Siilinjärvi complex, other occurrences of carbonatites have 
been located in Finland: at Panjavaara as a narrow vein, about 65 km to the northeast 
of Siilinjärvi (Papunen, 1967), and at Savukoski in Finnish Lapland (Paarma, 1970). 
The Sokli carbonatite at Savukoski is a plug of roughly circular Cross section which 
Covers an area of more than 20 km2. The predominating carbonatite is sövite whereas 
rauhaugite, termolite- and phlogopite-bearing sövite occur sporadically. Horizontal 
layers of regolithic apatite rock occur on top of the plug. Pyrochlore is present 
in all types of carbonatite. The difference between the Sokli plug and the Siilinjärvi 
complex are clear. 

The large Kovdor massif (Kukharenko e t  a/.,  1965), one of the many ring-type 
carbonatite complexes in the KolaPeninsula, can petrographically be compared with the 
Siilinjärvi complex. Carbonatite occurs as dikes and lenses in the olivinite core andin 
the surrounding fenites. These rocks are interpretated to have formed metasomatically 
from ultramafic rocks. The Russian position differs markedly from that of most 
petrologists in North America and Europe in favoring the extreme metasomatic 
origin whereby most of the rocks of the carbonatite complex are formed by a series 
of metasomatic transformations in zones surrounding an ultramatic plug. For instance, 
in this interpretation the metasomatism is indicated by the formation of phlogopite 
(Kononova e t  al., 1969) and, accordingly at least parts of the Siilinjärvi glimmerite 
could have been formed metasomatically (see p. 24). The field observations, how- 
ever, do not indicate any zonal transformat<ons. 

The apatite deposits of Khibina in the Kola Peninsula are connected with agpaitic 
nepheline syenite (Onokhin, 1965). The apatite concentrations in Siilinjärvi bear, 
in this case, no similarity to the Khibina apatite ore. 

The typical carbonatites are frequently characterized by the presence of relatively 
high concentrations of rare minerals containing the elements titanium, zirconium, 
niobium, rare-earths, thorium, etc. The Siilinjarvi complex does not contain such 
mineral assemblages in great amounts. Rare minerals are also not present in the 
non-typical carbonatite of Stjernöy in northern Norway (Heier, 1961). 

On the aeromagnetic maps (sheets 3331-3334, Geological Survey of Finland) 
no significant differentes in the total intensity field can be found between the Siilin- 
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järvi complex and the surrounding bedrock. The aeromagnetic prospecting for 
carbonatites has been successfully used in East Sayan, Siberia (Kotsen and Artamonov, 

1967) and in Finnish Lapland (Paarma, 1970). The low magnetite content of the 
Siilinjärvi complex is also proved by the observations from thin sections and from 
magnetic susceptibility measurements of drill cores. The magnetic ground measure- 
ments in Siilinjärvi only include the glimmerite-carbonatite rocks and, therefore, 
are worthless for the study of the complex as a whole. The intensity differences of 
the vertical component of the glimmerite-carbonatite rocks are locally from -800 
to $2 000 gammas. 

I t  may be concluded that the Siilinjärvi complex represents an unusual type of 
carbonatite complexes, its elongated form, age, rock combinations, etc. show differ- 
ences from the typical features usually given for these complexes. However, the non- 
typical aspects do  not elirninate its magmatic origin since the classic concepts, devel- 
oped already some thirty years ago, have widened to include a complex of this type. 
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