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The tectonic and metamorphic pattern of the Precambrian crust exposed in 
the eastern Baltic Shield is characterized by two adjacent high-grade belts (Tana 
and Granulite belts) located between the Archean Inari-Kola craton to the east and 
the South Lapland-Karelia craton to the west. 

The Tana belt corresponded to a volcanic sequence (tholeiitic and calc-
alkaline series) subsequently intruded by various plutonic rocks including the Vas-
kojoki anorthositic suite. The Granulite belt is interpreted as a flysch-like 
greywacke-shale sequence (khondalite suite) including impersistent volcanic layers 
later intruded by several igneous suites of both tholeiitic and calc-alkaline affinity 
(charnockitic complex). These two former belts constitute the axial part of the 
Belomorides, an early Proterozoic fold belt. Major parts of this mobile belt sur-
rounding the axial zone are composed of intensely reworked Archean material. 
The Jatulian volcano-sedimentary formations cover large areas on both sides of 
the mobile belt. Allowing for their epicontinental nature, their early Proterozoic 
age (2.0—2.4 Ga) and for their deformation by the 1.9 Ga Karelian event, we sug-
gest that the Jatulian formations belong to the Belomorides. 

We propose to re-interpret the Belomorian fold belt in terms of a Wilson cycle 
as a collisional orogenic belt comprising a geosynclinal basin with oceanic crust 
(Tana and Granulite belts), an Archean reactivated basement (Belomorian gneis-
ses) and a platform (Jatulian). The Belomorides represent the oldest fold belt in 
which a suture has been recognized and constitute an intermediate case between 
an intracontinental mobile belt orogeny and an active plate margin. 
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Introduction 

The literature abounds in descriptions of 
rocks of granulite facies but the most prominent 
occurrences have been reported from Archean 
and Proterozoic high-grade mobile belts (e.g. 

Limpopo, Iföras, Sri Lanka, Madras, Mus-
grave, Grenville and Lapland). Most of these 
incorporate diverse lithological units: Supra-
crustal sequences, layered igneous complexes 
and reworked older basement gneisses. 

Unlike the Phanerozoic granulites thought to 
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be formed at each stage of the Wilson cycle (see 
Windley 1981), opinions are divided as to whether 
plate tectonic processes were valid in the Pre-
cambrian or not. Two controversial models 
have been proposed to explain the formation of 
Precambrian high-grade mobile belts. The ab-
sence of geosynclinal sediments and volcanics 
together with the existence of large areas of 
reactivated basement in many mobile belts have 
led some authors to conclude that the belts 
developed by remobilization of a pre-existing 
crystalline basement. Hence they propose various 
models for intracontinental mobile belts and au-
lacogens (Shackelton 1973; Sutton and Watson 
1974; Katz 1976, 1977; Williams 1977; Barton 
and Key 1981; Condie 1982) on the basis of the 
general concept of the »intracontinental or 
ensialic orogeny» (Kröner 1977, 1981). How-
ever, although many Archean and early Prote-
rozoic mobile belts lack any sign of ocean floor 
spreading, extensive geochemical, petrological 
and field data support tectonic models of mar-
ginal orogenesis involving active plate margin 
environments and continental collision (Wind-
ley and Smith 1976; Tarney and Windley 1977; 
Hoffman 1980; Martignole 1979; Barbey et al. 
1980; Coward 1980; Baragar and Scoates 1981; 
Raith et al. 1982; Newton and Perkins 1982; 
Gibb 1983). It is now speculated that the transi-
tion to the present-day plate tectonic regime was » 
influenced by changes in crustal growth proces-
ses; interpretations consistent with plate tecton-
ics have therefore been proposed (Hargraves 
1981). Furthermore, a model based on the sta-
bility of the oceanic tectosphere has recently 
been published (Hynes 1982), predicting a gra-
dual but diachronous change with progressive 
cooling of the mantle from the primeval early 
Proterozoic orogenies characterized by the de-
velopment of small ocean basins to modern 
plate tectonics. 

The present paper on the Lapland granulites 
is an attempt to synthethize the geology of one 
of the classical examples of a high-grade mobile 
belt in order to outline the major features that 

will enable us to constrain and propose a geo-
dynamic model for early Proterozoic crustal 
evolution. 

Geological outline 

The Granulite belt of Lapland (Eskola 1952; 
Meriläinen 1976) represents only the northern 
part of a vast high-grade metamorphic belt run-
ning southwestwards from the Caledonian fold 
belt in the north to the shores of the White Sea 
in the south (Fig. 1). It is part of the early Prote-
rozoic Belomorides fold belt as previously de-
fined by Polkanov and Gerling (1960). Our own 
observations and recent isotopic dating carried 
out at the University of Rennes permit us to re-
consider the Belomorian geotectonic assem-
blage and to reinterpret its whole evolution. 

The eastern part of the Baltic Shield is made 
up mainly of the classical Archean granite-
gneiss-greenstone association, which is particu-
larly well represented in the Kola Peninsula and 
in Karelia (Gaål et al. 1978; Kratz 1978; Blais et 
al. 1978; Jahn et al. 1980; Vidal et al. 1980; 
Auvray et al. 1982; Martin et al. 1983 a, 
1983 b). Within these two regions, low to high-
grade formations of early Proterozoic age (1.9 
—2.4 Ga) generally occur in elongate struc-
tures. We refer the following units to the Belo-
morides. 

(1) Two high-grade metamorphic belts, the 
Tana and the Granulite belts (Barbey et al. 
1980, 1982 b), composed of various supracrus-
tals and intrusives, constitute the axial zone of 
the Belomorides. They are believed to represent 
geosynclinal volcanism and sedimentation. 
Whereas the oldest age recorded in a meta-
granite of the Tana belt is 2.36 Ga (U/Pb 
method on zircon; Meriläinen 1976), the gra-
nulite-facies metamorphic event is clearly dated 
at 1.9—2.0 Ga (Bernard-Griffiths et al. 1984). 

(2) Polycyclic gneisses are extensively distri-
buted on both sides of the axial zone. They are 
the reactivated part of the wide Archean base-
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Fig. 1. Geological sketch map of 
the northwestern part of the Baltic 
Shield. Redrawn after von Gaertner 
(1964), Bibikova et al. (1973) and 
Barbey et al. (1980). 

1) Undifferentiated Archean base-
ment; 2) Tana belt; 3) Granulite belt; 
4) Caledonian fold belt; 5) cross-

section of the Figure 2. 

ment of Kola and Karelia and correspond to the 
Inari—Kola and South Lapland—Karelia era-
tons (Fig. 1). Their isotopic ages range from 
3.10 Ga (Kroner et al. 1981) to 1.90 Ga (Meriläi-
nen 1976; Martin et al. 1983 a and unpubl. re-
sults). 

(3) The Jatulian formations, whose isotopic 
ages (2.0—2.4 Ga) overlap those estimated for 
the Belomorides, comprise continental to epi-
continental metavolcanics and metasediments 
resting unconformably upon the Archean base-
ment in local basin and rift structures in Kola 
and Karelia (see references in Silvennoinen 
1980). 

In Finnish Lapland, all these units (from 
northeast to southwest: Inari—Kola craton, 

Granulite belt, Tana belt and South Lapland— 
Karelia craton) are disposed in a major thrust-
belt facing SW whose central part is characterized 
by granulite-grade metamorphism. Note that 
the granulite facies assemblages extend beyond 
the Granulite belt into the Tana belt and the 
Inari—Kola craton (Fig. 2). 

The Tana belt 

The Tana formations constitute a narrow belt 
underlying continuously the western margin of 
the Granulite belt. They are petrographically 
and geochemically distinct from the Archean 
Karasjoki—Kittilä greenstones and were em-
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Karasi ok Vaskojoki Inari- Kola 
1 / V S W belt anorthosite craton 

South Lapland7 Tana I Granulite helt 
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Fig. 2. Synthetic section across the Granulite belt and adjacent units at the latitude of Inari (see location of Figure 1). 
1) Undifferentiated Archean basement; 2) Archean greenstone belts; 3) Tana belt; 4) Vaskojoki anorthositic complex; 

5) Granites; 6 and 7) Granulite belt (the khondalite suite and the charnockitic complex); 8) Jatulian formations; 9) Granulite 
facies isograd. 

placed and metamorphosed at about 1.9—2.0 
Ga as demonstrated by recent isotopic studies 
(Bernard—Griffiths et al. 1984). Their meta-
morphic and tectonic evolution is similar to that 
of the Granulite belt and will be described later. 
Two main metamorphic units, one of volcanic 
and one of plutonic origin, have been distin-
guished. 

The volcanic unit 

This unit consists of a monotonous series of 
mafic and intermediate amphibolites or granulites 
(depending on the prevailing metamorphic con-
ditions) alternating in layered sequences centi-
metres to metres thick and locally interbedded 
with quartzo—feldspathic gneisses. The main 
minerals of the granulites which form the eas-
tern part of the belt, are plagioclase (An 30— 
60), orthopyroxene (Fs 50—55) and salitic clino-
pyroxene; the accessories are garnet and horn-
blende. The amphibolites occur mainly in the 
western part and sometimes replace granulites 
in retrograded zones. They are plagioclase (An 
45—60) and hornblende-bearing rocks with cli-
nopyroxene, garnet and sphene as typical minor 

constituents. Quartzo-feldspathic gneisses are 
leucocratic quartz and plagioclase-rich rocks 
with garnet in subordinate amounts. Ultramafic 
bodies (pyroxenites, cortlandites, hornblendites) 
and intercalations of clearly sedimentary origin 
(garnet-bearing quartzites and calc-silicate 
rocks) have also been reported (Meriläinen 
1976; Papunen et al. 1977; Hörmann et al. 
1980)). 

The major element variations in the three 
main rock groups are typical of igneous geochem-
istry, as indicated by the appropriate geochem-
ical diagrams, and suggest the existence of three 
volcanic suites (Fig. 3). The first series is tholeii-
tic and the second calc-alkaline, but the third se-
ries consists only of rhyodacitic and rhyolitic 
rocks (Table 1). 

The tholeiitic series comprises basaltic and 
andesitic differentiated members (Si02 ^ 63 %) 
characterized by strong iron enrichment (FeO 
= 16 %) and a moderate increase in Ti02 . 
Samples of basaltic composition correspond to 
the low-K tholeiites of Pearce's classification 
(1976) but they cannot be attributed unequivo-
cally to any type of modern basalt. Although in 
their lack of differentiated products other than 
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Fig. 3. Ti0 2 versus FeOVMgO dia-
gram for the Tana belt volcanic unit 
(from Barbey et al. 1982 b). 

1) Tholeiitic series; 2) Calc-alkaline 
series; 3) Rhyodacitic volcanics; 4) 
Average rhyodacitic rocks from Hör-

mann et al. (1980, table 4). 8 FeO*/MgO 

andesites, their Al203/Ti02 and Ca0 /Ti0 2 ratios 
and their Ti, Ni and Cr contents, they are sug-
gestive of oceanic tholeiites, the average Ba, Th 
and La values given by Hörmann et al. (1980) 
and their Rb and Sr contents are reminiscent of 
island arc tholeiites (Jakes and Gill 1970) and 
clearly indicate enrichment in lithophile ele-
ments. Samples of andesitic composition have a 
low-K content (mean value of 0.8 wt %) and 
K/Ti ratios near to unity; they are thus similar 

to low-K andesites according to the criteria 
given by Bailey (1981). 

The calc-alkaline series ranges from basaltic 
to andesitic and dacitic in composition (Si02 

^ 67 %) and is characterized by a regular de-
crease in iron and titanium with increasing silica 
content. The abundances of K, Rb and Sr in the 
basaltic and andesitic samples are relatively low 
and similar to those of the tholeiitic series. 

The REE distribution in Tana amphibolites 

Table 1. Average compositions of the three metavolcanic suites of the Tana belt. Data from Barbey et al. 1982 b. 1) 
Si02 < 52 %; 2) Si02 «S 56 3) Si02 s; 61 %; 4) SiOz < 67 %. (a, b, c, d, e, based respectively on 1, 3, 5, 7, and 9 
samples only). 

Series I (tholeiitic) Series II (calc-alkaline) Series III 
(rhyodacitic 

rocks) 

1 1 
n 
Si02 

AI2O3 

Fe203 

MnO 
MgO 
CaO 
Na 2 0 
K2O 
Ti0 2 

P,O, 

16 

46.94 
15.12 
14.73 
0.21 
6.41 

10.89 
2.28 
0.74 
1.47 
0.22 

(2.6) 

(1.8) 
(2.5) 
(0.05) 
(2.4) 
(2.3) 
(0.7) 
(0.4) 
(0.7) 
(0.1)= 

53.47 (0. 
15.32 (1 
13.81 (2 
0.22 (0 
3.60 (0 
8.02 (0 
3.33 (0 
0.64 (0 
1.29 (0 
0.29 (0 

7) 
4) 
2) 
.04) 
9) 
9) 
7) 
1) 
• 2) 

.07)= 

58.40 (2.5) 
14.76 (1.7) 
11.15 (2.7) 
0.16 (0.03) 
2.45 (1.1) 
5.85 (1.7) 
3.90 (0.6) 
1.14 (0.4) 
1.21 (0.3) 
0.19 (0.1)" 

5 
49.09 
14.73 
12.29 
0.20 
8.71 
9.70 
2.61 
0.80 
0.58 
0.17 

(1.5) 
(1.9) 
(0.9) 
(0.02) 
(3.5) 
(0.6) 
(0.8) 
(0.3) 
(0.1) 
(0.1)" 

52.85 (0.5) 
15.11 (1.0) 
10.75 (0.5) 
0.18 (0.2) 

6.68 (2.1) 
8.12 (1.0) 
3.47 (0.4) 
1.01 (0.3) 
0.72 (0.1) 
0.12» 

9 
58.90 (1 
14.95 (0 
9.75 (1 
0.16 (0 
3.93 (0 
5.15 (2 
2.73 (0 
0.78 (0 
0.54 (0 
0.13 (0 

5) 
8) 
1) 
02) 

6) 
1) 
6) 
4) 
09) 
02)i 

64.63 (2.1) 
14.23 (0.7) 
7.40 (2.2) 
0.13 (0.04) 
2.24 (0.9) 
6.06 (1.1) 
2.95 (0.6) 
0.70 (0.5) 
0.43 (0.2) 
0.17 (0.06)" 

75.54 (1.7) 
11.87 (0.7) 
3.52 (1.5) 
0.05 (0.04) 
0.36 (0.3) 
2.89 (1.0) 
3.57 (0.7) 
0.81 (0.8) 
0 . 2 2 (0 .08 ) 
0.07 (0.01) 
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and hornblende gneisses given by Hörmann et 
al. (1980), which probably includes samples of 
the two volcanic series, shows nearly flat to 
fractionated patterns. The LaN/YbN ratios are 
0.9—2 in basalts and 1—3 in andesites with 
enrichment factors of 10-40 compared with 
chondrite. 

The rhyodacitic volcanics form locally a 
bimodal volcanic association with the basalts of 
the tholeiitic and calc-alkaline series. Their 
main chemical features are high silica (73— 
78 °7o), low potassium (0.8 %) and low Rb (10 
ppm) contents. Their low Y and Zr contents and 
their highly fractionated REE patterns (LaN/ 
YbN = 10—25 and LaN = 50 as in Hörmann 
et al. 1980) suggest that they are not felsic dif-
ferentiated products of the former two suites 
but could constitute a distinct series. 

Further studies are needed to establish the 
tectonic setting of the volcanic unit because 
available chemical data are still too few and be-
cause the relationships between the volcanic 
series obscured by intense thrusting remain 
poorly known. Nevertheless, the existence of a 
local bimodal volcanic association and chemical 
evidence of crustal contamination of (MORB-
type ?) tholeiites are consistent with a con-
tinental rifting process (Eichelberger 1978). The 
original nature of the metasediments (calcare-
ous and argillaceous sandstones) is also compa-
tible with such an interpretation. However, the 
scarcity of sediments and the lack of alkaline 
volcanism could be accounted for by the ab-
sence of marine inundation and a higher degree 
of melting in the mantle related to steeper geo-
therms (mantle-activated rift of Condie 1982). 

The plutonic unit 

Three main types of plutonic bodies: anor-
thosites and related rocks, troctolitic gabbros 
and granites, were emplaced into the volcanic 
unit before the evolution of the mobile belt has 
been completed. 

A significant feature of the anorthositic bodies 
is their location along the major eastward-

dipping thrust plane dividing the Tana and Gra-
nulite belts. The Vaskojoki massif, which is the 
only one of an important size, has been investi-
gated in detail by Moreau (1980, 1981). Its main 
characteristics are outlined below. 

Small intrusions of troctolites have been re-
ported from Hirvipäät (Sederholm 1916), Muk-
kapalo (Hörmann et al. 1980), Tsohkavarri and 
Purnumukka (Barbey 1982). These rocks have 
been described briefly by Sederholm (1916) and 
Hörmann et al. (1980). 

Granites are mainly located in the vicinity of 
Repojoki in the southwestern part of the belt. 
Despite their metamorphic fabric they are clear-
ly different from the rhyodacitic metavolcanics, 
particularly in their higher K and Rb contents 
(4 % and 150 ppm respectively). Although most 
of them are of unknown age, one occurrence 
near Lemmeskäpalo yielded zircon ages of 2.36 
Ga (Meriläinen 1976). This age is similar to the 
ages of the late Archean granites linked with the 
greenstone belts of Karelia (Martin and Querre 
1984) and could point to granitoids derived 
from the melting of crustal material at an early 
stage of the evolution of the Belomorian fold 
belt. 

The Vaskojoki anorthositic complex cor-
responds to a dome-shaped structure overturn-
ed westwards and overlain on its southern side 
by the Lapland metasedimentary granulites. 
The planar fabric of the massif is conformable 
with the regional foliation. It consists of four 
lithological types, which become gradually 
more mafic outwards. The rocks include in de-
creasing order of abundance anorthosites (M < 
10, M = % mafic minerals) in the central part 
of the complex, gabbroic anorthosites (10 < M 
< 22), anorthositic gabbros (22 < M < 35) and 
scarce gabbros restricted to the outer zones. The 
main minerals are plagioclase (An = 55—70) 
and common hornblende. Clinopyroxene, ortho-
pyroxene, garnet and opaque oxides generally 
occur in subordinate amounts. The metamor-
phic evolution deduced from the mineral as-
semblages is similar to that of the adjacent units 
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Table 2. Average compositions of the main lithological types of the Vaskojoki anorthositic complex. Data from Moreau 
(1981). Standard deviation in brackets. 

Anorthosite Gabbroic anorthosite Anorthositic gabbro Gabbro 

n 12 2 4 8 
Si02 50.00 (0.3) 52.58 (0.7) 47.70 (0.5) 48.61 (0.6) 
AI2O, 30.18 (0.4) 26.64 (0.2) 25.77 (0.5) 13.99 (0.4) 
Fe,03 1.20 (0.1) 3.07 (0.1) 5.71 (0.1) 16.09 (0.5) 
MnO 0.25 (0.1) 0.52 (0.5) 0.08 (0.01) 0.21 (0.01) 
MgO 0.43 (0.06) 1.42 (0.06) 2.99 (0.4) 5.98 (0.4) 
CaO 13.72 (0.2) 10.88 (0.5) 12.61 (0.2) 9.99 (0.2) 
NazO 2.88 (0.2) 3.83 (0.4) 2.90 (0.08) 2.07 (0.1) 
K2O 0.25 (0.02) 0.48 (0.2) 0.44 (0.08) 0.63 (0.08) 
Ti0 2 0.13 (0.01) 0.35 (0.09) 0.36 (0.04) 1.82 (0.1) 
p 2 o 5 0.07 (0.01) 0.09 (0.01) 0.10 (0.3) 0.24 (0.02) 

n 13 2 4 8 

Rb tr tr 6 (1) 8 (2) 
Sr 305 (9) 593 (105) 274 (10) 166 (10) 
Zr 11 (3) 42 (12) 29 (7) 143 (12) 
Y tr tr 9 (1) 38 (4) 
Nb tr tr tr 12 (1) 
Ni 15 (1) 30 (6) 64 (15) 95 (16) 
Co 132 (58) 18 (11) 117 (75) 66 (3) 
V 19 (2) 52 (8) 80 (8) 335 (20) 
Cr 9 (1) 20 (8) 89 (23) 152 (35) 

and corresponds to the successive stability of 
the clinopyroxene-garnet and orthopyroxene-
plagioclase associations. Major and trace ele-
ment variations (Table 2), in particular the posi-
tive correlation between AI, Ca and Sr, and 
their negative correlations with Fe, Mg, Ti, Rb, 
Y, Zr, Nb, Ni, Co, V, Cr and REE, suggest that 
all the lithological types are comagmatic. A 
model calculation based on REE shows that the 
main features of the different rock types can be 
satisfactorily explained by the fractional cry-
stallization of a parental magma of high-alu-
mina-basalt type (Fig. 4) and probably of man-
tellic origin (0.7017 < ISr ^ 0.7025). 

The structural, petrographical and chemical 
data imply that the crystallization and the em-
placement of the Vaskojoki anorthositic com-
plex occurred synchronously with the granulite 
facies metamorphism. We believe this massif 
rose as a diapiric dome of mantle origin along 
a major thrust zone during a continental colli-
sion (see discussion). 

The granulite belt 

The Granulite belt of Lapland is a markedly 
homogeneous, thick metasedimentary sequence 
composed mainly of shales and greywackes and 
including volcanic layers. Termed the khondali-
te suite, they were later intruded by mafic to in-
termediate pyroxene-bearing igneous rocks 
constituting the charnockitic complex. Since de-
tailed description of these two units has been 
given elsewhere (Barbey et al. 1982 a; Barbey 
1982; Barbey et al. to be published), only their 
main features are summarized in the next two 
paragraphs. 

The khondalite suite 

This suite has an overall sedimentary parent-
age (Table 3) and is characterized by the recur-
rent alternation of sillimanite-garnet gneisses 
(metashales) and various garnet gneisses that, 
according to the prevailing feldspar and in de-
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are from Arth and Hanson (1975) and the high-alumina basalt from Masuda (1968). (C = cumulate; L = liquid). 

creasing order of abundance, are: a widespread 
perthite-bearing type (psammitic metagrey-
wackes), several plagioclase-bearing types (vol-
canogenic metagreywackes and intermediate 
volcanics) and a rather scarce alkali-feldspar-
rich type (felsic volcaniclastics). These are inter-
layered with subordinate quartz-rich gneisses 
(metasandstones) and calc-silicate rocks (cal-
careous metasiltstones). Mixing calculations 

carried out by least-square regression analyses 
of all the pairs of major elements combined 
with computation of chemical modal composi-
tions involving standard mineral analyses (see 
Barbey et al. 1982 a) permitted a model of the 
sedimentary precursors and their depositional 
environment to be established. 

On account of the very close correlations 
between Si02, A1203, Fe203, MgO, K20 and 
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TiOj, metashales can be likened to a mixture 
of quartz and clay minerals that corresponded 
originally to a fine-grained well sorted sediment. 
The mixing lines involving silica and alkalies 
and the computed modal compositions yield 
evidence of two sub-groups: one consisting of 
quartz and clay minerals only (mainly chlorite, 
illite plus minor kaolinite and/or montmorillo-
nite), the other containing K-feldspar in addi-
tion to quartz, chlorite and illite and forming a 
transition with greywackes (Fig. 5). Psammitic 
metagreywackes extend the evolutionary trends 
of the metashales. In particular, regression lines 
between Fe203, MgO, A1203, TiO, and Si02 

display the same slopes and intercepts as in 
metashales, but with poorer correlations (Fig. 
6). This implies that the same mineral assem-
blage was maintained in these metagreywackes 
and suggests that they were equivalent to a mix-
ture between shales and an additional poorly 

sorted arenaceous fraction. Distinct residual 
igneous features reflecting the diversity of the 
source area have been observed: either granitic 
(higher K content and a normative plagioclase 
An ^ 25) or granodioritic to dioritic (lower K 
content and a normative plagioclase 25 < An 
^ 35). Although intimately associated with the 
former types, volcanogenic metagreywackes 
constitute a separate group with strong igneous 
characteristics (replacement of plagioclase by 
K-feldspar and an increase in the Na/Ca ratio 
with increasing silica, transition trace element 
patterns). Nevertheless, their excess alumina 
content shows that they contained clayey matrix 
in significant amounts. All these features sug-
gest that the rocks corresponded to lithic 
greywackes derived either from reworked volca-
niclastic material or from the erosion of a 
weakly weathered granodioritic continental 
crust. 

Table 3. Average major and trace element compositions of the main lithological types of the khondalite suite. Major 
elements on an anhydrous basis. Standard deviation in brackets. Compiled from Barbey 1982; Barbey et al. 1982 a; Barbey 
and Cuney 1982. (a, b, c, based respectively on 1, 2, 3 samples only). 

Metashales Psammitic 
metagraywackes 

Volcanogenic 
metagraywackes 

Metasandstones Calcareous 
metasiltstones 

n 27 30 12 9 9 
SiOz 62.22 (5.7) 76.06 (2.8) 68.58 (2.9) 84.70 (2.3) 75.22 (7.6) 
AI2O3 19.03 (3.2) 11.72 (1.5) 15.75 (0.6) 7.59 (1.6) 10.95 (3.7) 
Fe 20, 8.84 (1.9) 4.68 (0.9) 4.84 (2.3) 2.79 (0.4) 3.07 (0.7) 
MnO 0.12 (0.04) 0.06 (0.04) 0.08 (0.06) 0.04 (0.01) 0.11 (0.05) 
MgO 3.17 (0.7) 1.57 (0.4) 1.82 (0.8) 0.73 (0.2) 1.44 (0.7) 
CaO 0.69 (0.2) 1.00 (0.4) 2.47 (0.9) 1.36 (0.7) 7.81 (3.6) 
Na 2 0 1.27 (0.4) 1.69 (0.4) 2.83 (0.4) 1.55 (0.5) 0.45 (0.2) 
K2O 3.83 (0.9) 2.71 (0.8) 3.02 (1.5) 0.86 (0.3) 0.57 (0.4) 
Ti0 2 0.84 (0.2) 0.53 (0.1) 0.58 (0.4) 0.39 (0.1) 0.38 (0.1) 

n 11 14 8 3 2 

Rb 110 (15) 69 (25) 84 (32) 27 (19) 18 (19) 
Sr 211 (50) 206 (42) 352 (107) 175 (105) 182 (26) 
Ba 985 (166)b 877 (326)" 896 (478)c 314" 
Zr 203 (31) 219 (34) 198 (51) 303 (113) 185 (21) 
Y 39 (7) 28 (3) 26 (11) 15 (7) 22 (6) 
Nb 17 (4) 14 (13) < 10 < 10 < 10 
Ni 34 (19) 25 (14) 37 (12) < 10 20 (13) 
Co 15 (4) 11 (2) 11 (4) < 10 < 10 
V 125 (34) 75 (247 72 (40) 45 (9) 28 (4) 
Cr 130 (37) 82 (31) 53 (41) 50 (5) 41 (4) 
U 0.9 (0.5) 0.6 (0.3) 0.6 (0.3) 1.2 (0.8) 2.1 (0.7)c 

Th 14.8 (4) 9.4 (4.6) 11.1 (6.8) 14.8 (8.9) 11.6 (2.8) 
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Fig. 5. Distinctive variation diagrams for the main lithological groups of the khondalite suite (Granulite belt). Solid lines 
are least-square regression lines. 

a) K 2 0 — Si02 diagram for metashales (sillimanite-garnet gneisses) and psammitic metagreywackes (K-feldspar-rich 
garnet gneisses). Each group displays two different trends: Metashales correspond to mixtures of quartz + clay minerals 
(solid squares) or of quartz + clay minerals + detrital K-feldspar (open squares), and psammitic metagreywackes display 
either granitic (open circles) or granodioritic to dioritic (dotted circles) residual igneous features. Partly redrawn from Bar 
bey et al. (1982 a). 

b) Plot of MgO vs. Fe203* for metashales (squares) and psammitic metagreywackes (circles). The two subgroups of 
metagreywackes are different from those of the former diagram. 

c) A1203 ' — Si02 ' diagram for calcareous metasiltstones (calc-silicate rocks). A120,' and SiO,' values are oxide weight 
percentages recalculated for CaO = O. Standard analyses of minerals have also been indicated (Mm = Montmorillonite; 
Fk = K-feldspar; Q = Quartz). 

d) (Fe203* + MgO) vs. Si02 plot showing the distinct features of the volcanogenic metagreywackes (plagioclase— 
garnet gneisses) (crosses) with respect to metashales (squares) and psammitic metagreywackes (circles). From Barbey et al 

(1982 a). 
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0 ' .5 
Metashales 

Fig. 6. Diagrams summarizing the variations in Al, Fe, Mg, Mn, Ti, K, Ca, Na and the sum (Co, Ni, V, Cr) against Si 
(oxide weight percentages) and showing the close identity of the chemical trends (mixing lines) between metashales and 
psammitic metagreywackes. 

a) Correlation coefficient patterns of metashales (solid line) compared with those of psammitic metagreywackes (dotted 
line). 

b) Comparison of intercept (1) and slope (2) values between metashales (x-axis) and psammitic metagreywackes (y-axis) 
(slope values < 0; intercept values > 0 and x 10~2). 

Calcareous metasiltstones are composed 
mainly of SiO,, A1203 and CaO with a typical 
low alkali content probably related to sedimen-
tary processes (Barbey 1982). Their general char-
acteristics are those of silty-sized sediments and 
are due to the dilution of a quartz-clay mineral 
mixture (apparently montmorillonite) by a car-
bonate matrix (calcite and siderite/ankerite). 
Sr, Zr, Th and U abundances corroborate the 
importance of the argillaceous fraction and 
preclude the presence of both detrital plagio-
clase and chemical Ca sulphates. 

The remarkable equivalence of the chemical 
patterns between metashales and psammitic 
metagreywackes, implying identical mineral as-
semblages and contrasting with the variable cor-
relations (close for metashales, poorer for meta-
greywackes), and their monotonous alternation 
suggest that these two groups represent two 
fractions of different size of the same initial 
detrital material. Such a vertical sedimentary 
succession of both arenaceous and lutaceous 

beds displays typical features of a turbidite for-
mation. Unfortunately we lack reliable data 
permitting us to know whether these are true 
deep-sea fan sediments or were deposited in a 
rather deep shelf-sea. The only argument pro-
vided by the geological context is that shallow-
water sediments are still represented on both 
sides of the basin by the epicontinental Jatulian 
formations (see later). The geochemical trends 
of alkalies are similar to those for the Lower 
Proterozoic (Engel et al. 1974) and reflect the 
fractionated nature of the continental source 
area. The markedly low CaO content of this se-
quence implies that there was no Ca carbonate 
precipitation and suggests that intense weather-
ing of the source continent destroyed plagio-
clases. These observations are consistent with 
the absence of Ca carbonate deposition in open 
milieux before the Upper Silurian (Veizer 1973) 
and are corroborated by the widespread distri-
bution of continental weathering crusts at the 
base of the Jatulian formations (see Silvennoi-
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nen, 1980). Despite their strong igneous fea-
tures, volcanogenic metagreywackes are part of 
the former terrigenous sequence. Three possible 
sources might have contributed to the forma-
tion of these lithic greywackes: deep recurring 
erosion of an Archean continental crust (insta-
bility of the margin, climatic changes, etc.) 
and/or reworked volcanics originating in the 
Archean greenstone belts or arising from a con-
temporaneous volcanic activity. The presence 
of carbonate beds in this thick terrigenous se-
quence accumulated near the rise of a continent 
is inconsistent with the depositional environ-
ment of carbonate sediments in the Precam-
brian, which was restricted to littoral or semi-
barred sequences (Veizer 1973). Although this 
means that these two sedimentary facies were 
formed in widely separated environments, the 
carbonate sediments could have been brought 

together with shales and greywackes from a 
nearby shallow-water platform by turbidity cur-
rents. 

These data suggest that the khondalite suite 
resembles a flysch-type series and corresponds 
to a flysch-belt of mass-flow and turbidite de-
posits. 

The relatively small volume of volcanic de-
tritus and their unreliable origin (the combined 
result of several sources) are not easily reconcil-
ed with an island-arc type environment (Raith et 
al. 1982). Further, because of the apparent ma-
turity of these sediments (especially the absence 
of conglomeratic piedmont formations), they 
are quite different from synorogenic flysch sedi-
ments (Andean type) but rather close to Atlantic-
type sediments, keeping in mind that sedimenta-
ry facies like this occur in early stages of geo-
synclines. 

Table 4. Average compositions of the two tholeiitic series of the charnockitic complex. Standard deviation in brackets. 
Compilation from Barbey, 1982; Barbey and Cuney 1982. 1) Si02 < 52 %; 2) 56 sS Si02 ^ 61 %; 3) Si02 > 61 %. (a, 
b, c, d, based respectively on 1 ,2 , 3, 4, samples only). 

TH — 1 series TH — 2 series 

1 2 3 1 2 3 
n 5 2 3 3 3 3 
Si02 49.29 (2.5) 57.83 (0.6) 62.29 (1.8) 50.67 (0.3) 53.78 (1.4) 57.52 (0.7) 
AI2O3 18.78 (2.2) 16.96 (0.5) 16.16 (0.5) 18.55 (0.5) 18.43 (1.2) 17.60 (0.6) 
Fe203 9.83 (1.4) 10.51 (0.05) 8.47 (0.8) 10.29 (0.6) 9.93 (1.4) 8.45 (0.6) 
MnO 0.12 (0.03) 0.10 (0.04) 0.12 (0.05) 0.14 (0.01) 0.11 (0.02) 0.09 (0.01) 
MgO 5.72 (1.3) 3.17 (0.01) 2.29 (0.6) 5.72 (0.5) 5.02 (1.1) 3.75 (0.4) 
CaO 8.55 (2.3) 6.03 (0.8) 3.83 (1.0) 8.12 (0.4) 6.90 (0.8) 6.10 (0.2) 
Na 2 0 2.44 (0.7) 2.33 (1.4) 2.84 (0.1) 3.19 (0.7) 2.97 (0.7) 3.29 (0.3) 
K2O 1.81 (0.9) 1.12 (0.01) 1.66 (0.5) 0.56 (0.2) 0.97 (0.5) 0.82 (0.09) 
Ti0 2 1.02 (0.3) 1.52 (0.1) 0.94 (0.2) 1.42 (0.6) 1.05 (0.07) 1.09 (0.1) 
P2Os 0.60 (0.5) 0.30 (0.07) 0.29a 0.42 (0.2) 0.27 (0.07) 0.22 (0.03) 

n 5 2 3 3 3 3 
Rb 67 (55) 33 (29) 51 (28) 7 (4) 21 (20) 7 (1) Sr 750 (630) 404 (60) 245 (66) 657 (102) 570 (167) 470 (260) 
Ba 877 (278)b 

524 (203) 436 (70) 
Zr 161 (92) 212 (67) 201 (84) 112 (34) 119 (47) 109 (65) 
Y 27 (3) 29 (4) 40 (11) 16 (3) 14 (3) 7 (1) 
Nb 11 (10) 14 (6) 11 (1) < 10 < 10 < 10 
Ni 40 (17)c 33 (0) 46 (14)b 45 (23)b 49 (8) 
Co 45 (24)" 52 (11) 28 (5)b 48 (l)b 52 (13) 76 (23) 
V 196 (47)d 166 (48) 135 (22)b 220 (4)b 203 (54) 162 (11) 
Cr 65 (21)' 48 (9) 104 (13)" 92 (21)b 114 (86) 81 (19) 
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The charnockitic complex 

Except for some minor ultramafic varieties, 
the complex is composed of typically plagio-
clase and pyroxene-bearing meta-igneous rocks 
corresponding to norites, enderbites and charno-
enderbites. The diversity of their occurrence re-
flecting their variable origin (small foliae to 
thick intercalations in metasediments conform-
able with the regional structures and crosscut-
ting bodies displaying relict igneous textures) 
and the evidence of the existence of residual 
magmatic pyrope-rich almandine garnets in 
some synmetamorphic intrusions indicate: (1) 
the probable presence of volcanic layers inter-
bedded with metasediments (2) the syngranulitic 
emplacement of some intrusions (characterized 
by garnet fractionation, and subsequently (3) 
the persistence of magmatic activity throughout 
the evolution of the mobile belt. 

Major and trace element geochemistry shows 
the great complexity of this unit with its several 
fractionated igneous suites (Fig. 7) of tholeiitic 
and calc-alkaline affinity (Barbey 1982; Barbey 
et al. to be published). 

The tholeiitic series range in composition 
from basalts (which can be defined as low-K 
tholeiites) to andesites (Table 4) and are char-
acterized by a moderate increase in TiOz at the 
first stages of the differentiation (Fig. 7 b). The 
twofold field relationships between charnockitic 
rocks and metasedimentary granulites (con-
formable layers and crosscutting bodies) and 
the development of an earlier tholeiitic volca-
nism in the Tana belt indicate the probable ex-
istence of both effusive and intrusive tholeiitic 
rocks in the Granulite belt. On account of the 
increase in the Y content with progressive dif-
ferentiation in the tholeiitic series of the Tana 
belt as opposed to the evidence of garnet frac-
tionation in the syngranulitic intrusions, the 
calcium-yttrium relationships (Lambert and 
Holland 1974) constitute a reliable way of se-
parating the possible volcanics (and early intru-
sives) from later synmetamorphic plutonics. 

The trend of the first series (Fig. 7 d) cor-
responds to an increase in the Y content as CaO 
decreases and is probably caused mainly by 
clinopyroxene-plagioclase fractionation. This 
series includes samples interpreted as metavol-
canics on the basis of field data. The trend of 
the second series is drawn by a gradual impo-
verishment in Y with decreasing lime content. 
This contrasting behaviour can be attributed to 
garnet fractionation in addition to plagioclase 
and clinopyroxene at some stage of the differen-
tiation. This interpretation is supported by the 
following arguments: (1) the garnet stability 
field was reached during peak metamorphic 
conditions by rocks with an XMg lower than 0.5 
(as in these tholeiitic rocks), ((2) hornblende, 
whose structure can also readily accommodate 
Y, was probably not stable owing to the high 
CO, partial pressure prevailing during the me-
tamorphism (see later), (3) the poorer iron en-
richment in the second series with respect to 
magnesia and alkalies is consistent with the 
fractionation of a pyrope-rich almadine. 

These two series can apparently also be distin-
guished by their K, Rb and Ba geochemistry 
(Fig. 7 f)- The first series (metavolcanics and 
early intrusives) displays low K/Rb ratios 
(200—400) similar to those of the khondalite 
suite, whereas the second (syngranulitic meta-
plutonics) has higher ratios ranging from those 
of the first series (K/Rb ^ 400) to those of the 
island arc (Jakes and White 1980) or oceanic 
(Shaw 1968) tholeiites (K/Rb ^ 1000). This has 
been interpreted by differential re-equilibration 
of the two series with the surrounding meta-
sediments, depending on the composition of the 
metamorphic fluid (see Barbey and Cuney 1982 
for further details). Their REE distribution pat-
terns and isotopic constitution (Bernard-
Griffiths et al. 1984; Barbey et al. to be publi-
shed) suggest that they could be due to the frac-
tional crystallization of two identical magmas. 

Three calc-alkaline series composed of basaltic 
and andesitic members (Table 5), have been dis-
tinguished (Fig. 7 a). The Fe, Ti, V, Zr, Y and 
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Fig. 7. Distinctive variation diagrams of the calc-alkaline and tholeiitic series of the charnockitic complex. 
Analytical data and diagrams (a), (b), (c) and (d) from Barbey et al. (to be published). 
Diagram (e) — The Ti/Zr and Ti/Y chondritic values and the MORB field (shaded areas) are from Nesbitt and Sun 

(1976). Symbols correspond to the average Zr, Y and Ti contents of the basaltic compositions (two-sigma values given 
between brackets). 

Diagram (f) — Redrawn from Barbey and Cuney (1982). 
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REE contents decrease as differentiation in-
creases and proceed in decreasing order of 
abundance from the basaltic terms of the C A—1 
series to those of the CA—3 series. Allowing for 
their Y behaviour, which is similar to that of the 
second tholeiitic series (Fig. 7 c), these calc-
alkaline suites may correspond to syngranulitic 
plutonics. 

The main features of all the magmatic series 
constituting the charnockitic complex raise the 
following points. 

(1) The succession of several tholeiitic mag-
matic episodes (effusive and intrusive) in both 
the Tana and Granulite belts, makes it difficult 
to establish whether these recurring tholeiitic in-
jections are parts of a single time-transgressive 
magmatic activity or whether they are related to 
two distinct events. All these igneous suites 
display very similar chemical features, and we 
believe these volcanic and plutonic series are 

different expressions of the same major dia-
chronous magmaforming event: initially, volca-
nism and low pressure magma differentiation 
during the geosynclinal stage and, later, pluto-
nism associated with higher pressure magma 
differentiation during the collisional event. 

(2) The parallelism between the evolutionary 
trends of the three calc-alkaline series and their 
respective incompatible element contents are in-
consistent with their differentiation from a single 
primary liquid. On the other hand, major and 
trace element variations, in particular the mean 
Ti/Zr and Ti/Y ratios and the REE patterns of 
the basaltic compositions from one series to 
another (Fig. 7 e), suggest that they originated 
through the fractional crystallization of three 
distinct liquids that arose from different melting 
rates (increasing from the CA—1 to the C A—3 
series) of the same chondritic source. Rb—Sr, 
Sm—Nd and Pb—Pb systematics are compatible 

Table 5. Average composition of the three calc-alkaline series of the charnockitic complex. Standard deviation in brackets. 
1) Si02 52 2) 56 % Si02 61 %; 3) Si02 61 (a, b, c, d, based respectively on 1, 2, 3, 4, samples only; (o) = analysis 
from Raith et al. 1982). 

CA — 1 series CA — 2 series CA — 3 series 

1 2 3 1 2 3 1 2<°> 

n 3 10 6 3 4 4 1 1 
Si02 49.87 (0.4) 59.01 (1.9) 62.06 (0.8) 51.33 (0.8) 58.85 (1.3) 62.91 (1.6) 50.62 59.23 
AI2O3 14.37 (1.9) 17.70 (0.1) 17.10 (0.9) 18.43 (0.4) 18.40 (1.1) 17.20 (1.0) 18.66 19.29 
Fe203 9.94 (1.2) 6.23 (0.9) 5.73 (0.5) 7.90 (0.06) 5.94 (0.3) 4.95 (0.2) 8.32 5.99 
MnO 0.15 (0.02) 0.09 (0.02) 0.09 (0.02) 0.12 (0.02) 0.07 (0.02) 0.13 (0.13) 0.13 0.08 
MgO 9.67 (1.6) 3.52 (0.7) 3.04 (0.5) 6.23 (0.6) 3.54 (0.2) 3.20 (0.2) 9.15 3.92 
CaO 8.47 (0.4) 5.81 (0.5) 5.02 (0.6) 8.80 (0.2) 5.80 (0.9) 4.85 (0.6) 9.38 5.95 
NazO 2.64 (0.1) 3.41 (0.5) 3.08 (0.4) 2.58 (0.4) 3.20 (0.2) 3.36 (0.1) 1.56 3.36 
K2O 1.46 (0.9) 1.59 (0.5) 1.86 (0.9) 0.92 (0.3) 1.26 (0.3) 1.53 (0.6) 0.40 0.94 
Ti0 2 0.91 (0.02) 0.77 (0.1) 0.71 (0.2) 0.63 (0.03) 0.58 (0.08) 0.59 (0.07) 0.46 0.39 
p2o5 0.59 (0.2) 0.30 (0.1) 0.15 (0.05) 0.70 (0.7) 0.26 (0.1) 0.22 (0.02) 0.25 0.13 

n 3 9 3 3 3 3 1 1 

Rb 40 (31) 40 (20) 45 (6) 9 (2)» 33(11) 35 (22) 3 42 
Sr 729 (198)B 538 (166) 449 (54) 564 (4)B 536 (52) 501 (52) 420 313 
Ba 1221 (871) 590 (161)C 485 (121) 327» 361 (113) 667 (143) 127 475 
Zr 197 (168) 116 (45) 107 (11) 125 (93) 77 (43) 138 (38) 39 
Y 30 (3) 14 (8) 24 (19) 20 (4) 7 (4) 7 (5) 13 1 
Nb < 1 0 < : 10 < : 10 < 1 0 < : 10 < : 10 < 10 
Ni 158 (20)B 54 (17)C 53 ( l l ) b 97 42 
Co 59 (4)B 27 (16)D 14 (1) 37 (12)B 30 (18) 72 
V 223 (37)» 119 (22)D 97 ( l l ) b 167 (43)» 112 (21) 147 68 
Cr 587 (417) 96 (39)C 318 (11)» 391 109 



176 P. Barbey, J. Convert, B. Moreau, 

with a single source of mantle origin or with a 
multistage process involving rocks of short crustal 
residence time (Bernard-Griffiths et al. 1984). 
Nevertheless, the Ti/Zr and Ti/Y ratios in the 
basaltic terms of the third series (CA—3), cor-
responding to the highest degree of melting in 
the above interpretation, preclude their deriva-
tion from MORB-type basalts (Fig. 7 e) in a 
conventional subduction model. 

tilä, Jauratsi and Tuntsa—Savukoski belts). 
The basement gneisses are as old as 3.10 Ga 
(Kröner et al. 1981). In Karelia and along the 
White Sea shores in the USSR, the Archean 
gneisses have been penetratively refoliated and 
recrystallized from lower to upper amphibolite 
grade. Locally, they were overthrusted onto the 
Jatulian formations (Kratz 1978) during the Ka-
relian event, 1.9—2.0 Ga ago. 

The Archean cratons 

The Inari—Kola craton to the northeast and 
the South Lapland—Karelia craton to the 
southwest form two Archean provinces whose 
chemical patterns imply that they represent the 
continental crust source of the metasediments 
of the Granulite belt (Barbey et al. 1982 a). 
These two domains suffered intense deforma-
tion and recrystallization during the Belomorian 
mobile belt-forming event and have subsequent-
ly acquired a polycyclical aspect. 

The Inari—Kola craton corresponds to a 
deeply eroded section of grey gneisses and 
greenstones of which the oldest known age is 
2.86 Ga (Meriläinen 1976). This continental 
domain was substantially reworked during the 
development of the Belomorides, leading to 
complex deformational patterns, intense remo-
bilization and to a complete Rb—Sr isotopic re-
homogenization as one approaches the Granuli-
te belt (Martin, unpubl. result). Moreover, a 
number of plutons (either foliated or unde-
formed) of early Proterozoic age (Meriläinen 
1976), ranging from gabbro to granite but most-
ly dioritic to granodioritic, intrude the older 
basement. This intense calc-alkaline plutonism 
is typically lacking in the opposite craton, a fea-
ture that accentuates the assymetry of the mobile 
belt and recalls Cordilleran plutonism. 

The South Lapland—Karelia craton displays 
two very different aspects. In Lapland, it cor-
responds to an assemblage of gneiss domes 
fringed by low-grade greenstone synforms (Kit-

The Jatulian and Svecofennian formations 

A suitable evolutionary model of the Belomo-
rian fold belt could not be established without 
taking into account the volcanosedimentary Ja-
tulian formations that were deposited contem-
poraneously, as demonstrated by recent radio-
metric dating of Lapland granulites (Bernard-
Griffiths et al. 1984). The nature and distribu-
tion of the Jatulian sediments also provide in-
teresting indications regarding the structure of 
the early Proterozoic continental crust close to 
the Belomorian geosyncline. At the same time it 
might be advisable to reconsider the relation-
ships between the Belomorides and the Sveco-
fennides. 

The Jatulian 

The data summarized here are taken from the 
Symposium on Jatulian Geology (Silvennoinen 
1980), to which the reader is referred for further 
details. 

The Jatulian formations of the Kola Penin-
sula are restricted to a narrow belt running 
along the Belomorides (Fig. 8) that is known as 
the Pechenga — Varzuga rift (Zagorodnyi 1980) 
or the Petsamo Group (Oftedahl 1980) and 
which probably includes the Apukasjärvi schist 
zone (Meriläinen 1976). According to Zagorod-
nyi, the Lower Jatulian (Umba and Kuetsjärvi 
formations) comprise continental to epicon-
tinental sediments (chemical weathering crusts, 
sandstones, dolomitic sandstones and dolo-
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Fig. 8. Geological sketch map of the 
Belomorian geotectonic assemblage. 
After Glebovitsky et al. (in Kratz 
1978), Zhuravlev (1980), Ofedahl 
(1980), Barbey (1982), Gaål (1982) 
and Krill (pers. comm., 1983). Con-
tinental crust of Karelia and Kola Pe-
ninsula: 1) undifferentiated basement 
(Archean and Proterozoic gneisses 
and granites), 4) Archean basement 
reactivated during the 1.9—2.0 Ga 
orogenic event, 5a — Jatulian vol-
cano-sedimentary cover, 5b — Jatu-
lian continental and paralic environ-
ments. 

Belomorian geosyncline: 2) Tana 
belt, 3) Granulite belt. Svecofennian 
geosyncline (6) and Phanerozoic 

cover (7). 

mites) overlain by alkaline tuffs and lavas (ba-
salts, trachybasalts and trachyandesites, etc.). 
The next unconformable stratigraphic unit (Ko-
lasjoki formation), likened to the Upper Jatu-
lian, is represented by shallow-water sediments 
(arkoses grading into quartzites, sandstones and 
stromatolitic dolomites) capped by tholeiitic 
lava flows containing tuffogenic intercalations. 

The Jatulian formations of Finnish and So-
viet Karelia and of South Lapland (Fig. 8) were 
deposited on a continental platform and locally 
in fault-bounded troughs (Jaanisjärvi, Kuola-
järvi, Windy belt). Stratigraphic equivalents 
have recently been recognized up to the Pokka 
area south of the Granulite belt (Barbey, 1982). 
Three volcanic episodes, mainly of tholeiitic af-
finity, mark the gradual change from a transi-
tional (shoreline) to a marine (shelf) deposi-
tional environment. Continental weathering 

crusts associated with eluvial breccias and con-
glomerate and dated at 2.30 Ga (Sakko, in Me-
riläinen 1980) constitute the base of the Jatulian 
strata. The Lower Jatulian comprises mainly 
conglomerates, sandstones and sandy schists 
overlain by basaltic lavas and tuffites. This first 
episode ended with a general uplift of the basin 
(Svetov 1980). The Middle Jatulian is character-
ized by renewed and intensified volcanic activity 
following a short period of sedimentation. The 
Upper Jatulian coincides with general subsiden-
ce of the basin and is represented by conglome-
rates and sandstones (locally banded iron for-
mations) overlain by organogenic dolomites 
(stromatolites and oncolites) that have been 
dated at 2.05 Ga in the Peräpohja area (Perttu-
nen 1980). The Upper Jatulian ended with a 
third volcanic basaltic episode. 

The widespread distribution of continental 

12 
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sediments at the base of the Jatulian shows that 
the present-day eastern part of the Baltic Shield 
corresponded in the Late Archean to a pene-
plain subject to weathering and erosional pro-
cesses. The overall transgressive nature of the 
Jatulian and the existence of strongly oriented, 
fault-bounded troughs support the concept of 
an unstable, gradually subsiding continental 
crust on both sides of the Belomorides, related 
to a phase of rifting. Moreover, because of the 
close parallelism between the Granulite belt and 
the Jatulian sedimentary basins and the fact 
that their maximum depth was achieved during 
the geosynclinal stage of the Belomorian mobile 
belt the Jatulian formations can be considered 
as the epicontinental equivalent of the Belomo-
rian geosynclinal sequence (Granulite belt). The 
close connection between the Jatulian forma-
tions and the Belomorian geotectonic assem-
blage is further corroborated by post-deposi-
tional features, particularly the fact that the Ja-
tulian formations of Karelia were deformed and 
overthrust by the Belomorides during the oro-
genic event at 1.9—2.0 Ga (Kratz 1978) and that 
their metamorphic grade increases towards the 
axial zone of the mobile belt. 

The Svecofertnian 

The Svecofennian geosyncline is located west 
of the Ladoga-Raane shear belt (Gaål et al. 
1978) (Fig. 8). Radiometrie ages indicate that it 
is likely to have been filled at about 1.88—1.92 
(Simonen and Mikkola 1980). The flysch-like 
turbidites of the Kalevian Group overlie the Ja-
tulian formations unconformably (Väyrynen 
1933) and grade eastwards into epicontinental 
sediments and volcanics corresponding to the 
Suysarian of Soviet geologists. It is worth con-
sidering that Kalevian (Suysarian) volcanism 
developed into the same structures as Jatulian 
volcanism (Svetov 1980). 

In Lapland, the Kalevian is only represented 
by continental or paralic molasse-like deposits 
including the Latvajärvi felsic volcanics dated 
at 1.89 Ga and the Kellostapuli and Ylläs con-

glomerates, of which granite pebbles yielded 
1.93 to 2.06 Ga ages (Rastas 1980). 

On account of the 1.9—2.0 Ga age of the Be-
lomorian orogeny, it follows that the Kalevian 
Group comprises both turbidites of the Sveco-
fennian geosyncline and molasse deposits of the 
Belomorides. In conclusion: 

(1) The Svecofennides followed slightly after 
the Belomorides, and the Svecofennian geo-
synclinal stage corresponded closely to the Belo-
morian collisional stage. Thus, the molasse aris-
ing from the peneplanation of the Belomorian 
fold belt is likely to be found in the Sveco-
fennian geosyncline. 

(2) The nature of the Suysarian sediments 
shows that an epicontinental environment was 
maintained in Karelia during the Svecofennian 
cycle and that the Jatulian rift structures were 
still active. Thus the »Karelian medium massif» 
(Kharitonov 1966) corresponded to a passive 
continental crust between two time-spaced mo-
bile belts. 

(3) As the Jatulian (= Karelian) belongs to 
the Belomorian geotectonic assemblage it must 
be dissociated from the Svecofennides and, con-
sequently, the term »Svecokarelian» orogeny 
becomes meaningless. 

Metamorphic and tectonic evolution 

The structure of the different units involved 
in the Belomorian fold belt corresponds on the 
whole to a volcano-sedimentary wedge located 
at the junction of two continental masses (Fig. 
2). The dominant structural trends of the axial 
zone (Tana and Granulite belts) are character-
ized by N—S directions in its northern part and 
by E—W directions in the south, thereby defining 
an arcuate pattern. The major foliation planes 
are gently dipping in the west and become pro-
gressively steeper to almost sub-vertical in the 
east. This structure results from three main de-
formation phases synchronous with granulite-
grade metamorphism (Barbey et al. 1977, 1980). 
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The first phase, which is recorded only in 
metapelites, is marked either by composite 
banding or by residual schistosity preserved in 
garnet porphyroblasts. It is associated with 
prograde mineral assemblages such as biotite + 
sillimanite -t- quartz + graphite and hercynite 
+ quartz. These parageneses together with the 
lack of either the muscovite + quartz associa-
tion or anatexis permit only a rough estimate of 
the P—T conditions in the range 5—7 Kb and 
from 600° to 700°C, with XH l 0 < 0.4 (Fig. 9). 

The second phase corresponds to a major tec-
tonic event characterized by tangential move-
ments caused by overthrusting of the Inari— 
Kola craton onto the South Lapland—Karelia 
craton. This led to the development of isoclinal 
westward-facing folds associated with inverse 
shear zones and with major axial plane schisto-
sity. The deformation was most intense at the 
base and top of the Granulite belt. This second 
phase is contemporaneous with the peak meta-
morphic conditions. The diagnostic parageneses 
are: garnet + sillimanite + K-feldspar (without 
anatexis) in pelitic rocks and garnet + clino-
pyroxene + plagioclase in mafic rocks with 
XMg < 0.5 and orthopyroxene + plagioclase in 
the others. Fluid inclusion density measure-
ments on pelitic gneisses (Mohammed 1972; 
Klatt 1980; Barbey 1982) and thermobarometry 
of mafic granulites (Convert 1981; Barbey 1982; 
Raith et al. 1982; Newton and Perkins 1982) 
suggest that the P—T conditions prevailing dur-
ing the paroxysmic stage were 7.5 Kb, 800°C 
and X H 2 O ~ 0.2 (Fig. 9). Slightly higher pres-
sures (9—10 Kb) have been reported for the 
Kandalaksha granulites (Krylova et al. 1982). 
The deformation continued for a while and was 
associated with slight rehydration leading to 
local growth of biotite (especially in the pressu-
re shadows of the garnet porphyroblasts) and 
hornblende. 

The third deformation phase generated gravi-
ty structures (normal ductile shear zones and 
folds overturned to the east) and was accom-
panied by a gradual decrease in pressure and by 

local increases in XH20 giving rise to cordierite-
bearing anatexites. This first retrograde stage is 
documented by several granulite grade pelitic 
assemblages (garnet + cordierite + sillimanite, 
garnet + cordierite + biotite + K-feldspar + 
sillimanite, garnet -I- cordierite -+- orthopyroxene 
+ anthophyllite) permitting the mean P—T 
conditions to be estimated at 5.5 Kb and 750°C 
with X„2o ~ 0.5 (Fig. 9). 

Late metamorphic recrystallizations occurred 
in the amphibolite and greenschist facies (retro-
grade stage 2). They include (Fig. 9): 

— cordierite + biotite + andalusite + K-
feldspar, garnet + biotite + andalusite and 
garnet + biotite yielding a P—T estimate of 
about 3 Kb and 550°C; 

— prehnite + epidote + chlorite + quartz 
and aqueous fluid inclusions with 25 % NaCl 
implying a pressure lower than 2 Kb and a tem-
perature near 350°C. The late deformation 
stages are characterized by upright angular 
folds and shearing (Wright et al. 1978). 

What is more, geophysical studies in the 
Inari—Kola craton show (1) the existence at low 
structural levels of nearly horizontal reflection 
surfaces that may be interpreted as flat-lying 
shear zones suggesting large-scale intracrustal 
tangential movements (Kratz 1978), and (2) pa-
leomagnetic results compatible with plate motion 
since the Early Proterozoic (Pesonen and Neu-
vonen 1981). The Belomorides mobile belt is 
therefore considered to have resulted from the 
collision of two continental masses previously 
separated by a geosynclinal basin and so can be 
defined as a collisional orogen. From the pres-
sure-temperature estimates in the two high-
grade belts constituting the axial zone (Tana 
and Granulite belts) compared with those in the 
adjacent areas it is evident that: 

(1) The piezothermic array drawn from the 
P—T location of the various retrograde mineral 
assemblages, convex to the temperature axis, is 
consistent with a model of isostatic readjust-
ment and approaches a geotherm (Fig. 9). 
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Fig. 9. General P—T diagram for the Lapland granulites (modified after Barbey 1982) showing (A) the P—T regimes of 
the three stages of the regional metamorphism and (B) the probable existence of two distinct geotherms. See explanations 
in the text. The relevant mineral reaction curves and geotherms are as follows. 

Diagram A 
Prograde stage (O) Garnet-in curve from Bi+Sill+Q without Cd, for X% = 0.45 and X„2o = 0.2; Bi-Sill-Cd 

curve from Holdaway and Lee (1977) and Cd-Gt-Sill curve from Newton and Wood (1979). 
Paroxysmic stage (1) Alkali—feldspar solvus critical curve (Parsons, 1978); minimum granite melting for X H , o 

= 0.1 (Kerrick, 1972); Gt-Cpx-Opx-Plag curve for Xrgj* = 0.67 (Irving 1974); Gt-Opx geobarometers (Newton and Per-
kins 1982 assuming T = 800°C); Gt—Cpx geothermometer (Ellis and Green 1979); isochore (d = 1.05) for C 0 2 densities 
(Kerrick and Jacobs 1981). 

Retrograde stage I (2) Cd—Gt—Sill curve in diatexites for X®, / X$g = 1.81 to 2.26 and XH.,0 = 0.5 (Newton 
and Wood (1979); alkali—feldspars solvus critical curve (Parsons 1978; minimum tholeiite melting for XH z 0 — 0.5 (Hol-
loway and Burnham (1972); higher P—T values for the An—Sill—Gros assemblages given by Hörmann et al. (1980). 

(3) Gd—Gt—Bi—Sill—KF assemblages in metatexites for Xfo'g = 0.26 and 0.31, Xfod
g = 0.74 and 0.78 and XH 0 

= 0.5 to 0.7 (Holdaway and Lee 1977; Newton and Wood (1979); minimum granite melting for XH20 = 0.5 (Kerrick 
(1972); isochore (d = 0.9) for CO, densities (Kerrick and Jacobs 1981). 

Retrograde stage II (4) Cd—And—Bi—KF for Xfod = 0.2 and X H j 0 = 0.5 (Holdaway and Lee 1977); Mu—Q— 
KF—AljSiO, for XH.,0 = 0.5 (Kerrick 1972): Bi—Gt geothermometer (Ferry and Spears 1978); isochore (d = 0.8) for CO, 
densities (Kerrick and Jacobs 1981). 

(5) Prehn—Chi—Ep—Q assemblages (Winkler 1976); isochore for H 2 0 — 25 % NaCl densities (Hilbert 1979). 
Diagram B 
AljSiO; phase diagram for Holdaway (1971); P—T regime of the Belomorian metamorphism in the cratonic domains 

after Kratz (1978) (dashed area); 
1) Early Proterozoic continental geotherm (O'Hara 1977); 2) Archean geotherm (O'Hara 1977; Condie 1981); 

3) Piezothermic array of the Lapland granulites. 

(2) The dT/dP gradient prevailing during 
peak metamorphism in both the Tana and Gra-
nulite belts is higher than those recognized in 
the adjacent cratons, which are characterized by 
overall kyanite stability (Mikkola 1941; Kratz 

1978; Krill, written comm. 1982) and from 
which eclogitic occurrence have been reported 
(von Gaertner 1966). Such differences indicate 
the existence of two distinct geotherms: one in 
the cratonic domains similar to the early Prote-
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rozoic continental geotherm of O'Hara (1977), 
and one in the axial zone, close to the Archean 
geotherm (O'Hara 1977; Condie 1981). This 
suggests that a thermal anomaly was located 
beneath the Belomorian geosyncline (strongly 
convective mantle?). 

Discussion 

From data available on the origin and rela-
tionships of the rock units, we shall attempt to 
examine the larger question of the role of plate 
tectonics in the evolution of the continental 
crust of the Baltic Shield during the early Pro-
terozoic. Although some authors consider that 
the continental lithosphere generated in the 
Archean evolved during the early Proterozoic 
predominantly by intracrustal processes, several 
active continental margins of a modern type 
have been recognized, and it has been suggested 
that the Wilson cycle has been operating since at 
least 1.8 Ga (Hoffman 1980; Baragar and Scoa-
tes 1981; Gibb 1983). Hence, the recognition in 
the Belomorides of rock assemblages characteriz-
ing both passive and active continental margins 
is a strong indication that Wilson-cycle pro-
cesses have governed the development of the 
Belomorian mobile belt. 

Several outstanding features constrain the re-
interpretation of the whole Belomorides. The 
first is the fact that the Jatulian formations 
belong to the Belomorian fold belt on the basis 
of their geochronology, sedimentary facies and 
tectonic and metamorphic patterns. This se-
quence of transitional to shelf sediments and 
volcanics situated on both sides of the belt gives 
the Belomorides a prominent symmetrical as-
pect. The other features relative to the axial part 
of the mobile belt are as follows: 

— diachronous magmatic activity extending 
throughout the evolution of the belt; 

— the formation of a geosyncline initiated by 
intense, mainly basaltic volcanism and subse-
quently filled with a flysch-like sedimentary se-

quence, and lacking the typical shelf sediments 
generally found in the Proterozoic intracratonic 
basins and aulacogens (e.g. Circum—Ungava 
geosyncline, Damara aulacogen and Mount Isa 
geosyncline); 

— marked asymmetrical plutonism restricted 
to the Inari—Kola craton comprising both 
foliated and undeformed plutons emplaced in 
the range 1.9—2.0 Ga, similar to present-day 
Cordilleran magmatism; 

— structural asymmetry imposed by an oro-
genic event 1.9—2.0 Ga ago and characterized 
by major tangential displacements and granulite-
grade metamorphic recrystallizations, related to 
the collision of two continental blocks. 

The Tana and Granulite belts and the Jatu-
lian formations emphasize the peculiar structure 
and evolution of the Belomorian geosyncline. 
Whereas its symmetrical pattern is reminiscent 
of early Proterozoic intracratonic basins, in-
tense geosynclinal sedimentation and volca-
nism, large-scale tangential tectonics (nappe 
tectonics according to von Gaertner 1964) and 
widespread plutonism in the overthrust base-
ment unit (Inari-Kola craton) distinguish it 
from ensialic orogens but make it rather rele-
vant to active margins. 

The interpretation of the Belomorian fold 
belt in a plate tectonic framework involving the 
formation of a geosyncline and resulting in the 
breakup of a single, old continental crust into 
two plates, followed by a continental collision 
leads us to examine whether a new oceanic crust 
was created and whether subduction occurred 
during the geosynclinal phase. Although there is 
no definitive answer, several arguments favour 
a process of oceanization. 

(1) The existence of a positive thermal ano-
maly beneath the Belomorian geosyncline, the 
nature of the tholeiitic volcanics resembling in 
some respects oceanic tholeiites and the inten-
sity of this diachronous magmatic activity that 
in fact extends for more than 500 km across the 
belt despite strong crustal shortening, betray 
mantle activity and crustal fragmentation clear-
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Table 6. Successive stages in the development of the Belomorian fold belt. Compiled from Martin et at. (1981, 1983), Silven-
noinen (1980), Meriläinen (1976), Bernard-Griffiths et al. (1984) and Barbey (1982). 

AGE(Ga) JATULIAN FORMATIONS OF KARELIA AND 
KOLA PENINSULA (platform and rifts) 

TANA AND GRANULITE BELTS 
(geosyncline) 

1.8 Sedimentation of molasse-type deposits (attributed 
to the Kalevian group) in the south of the Granulite 
belt, comprising the Latvajärvi felsic volcanics 
(1.88 Ga) and various conglomerates (e.g. Kellosta-
puli, Ylläs). 

Uplift and erosion of the Belomorian fold belt, the 
detritus filling the contemporaneously existing Sve-
cofennian geosyncline. Late deformation and meta-
morphic recrystallizations. 

1.9 The third period of deformation (gravity structures) 
associated with granulite facies retrograde mineral 
assemblages and migmatization. 

2.0 

Greenschist to amphibolite facies metamorphic re-
crystallizations. Opening of the Svecofennian geo-
syncline. 

Emplacement of synkinematic to postkinematic 
dioritic to granitic plutons in the Inari—Kola 
craton (Cordilleran-type plutonism). 

The second period of deformation resulting from 
the collision of the Inari—Kola craton with the 
South Lapland—Karelia craton. Peak metamorphic 
conditions. Syngranulitic calc-alkaline and tholeiitic 
plutonism (charnockitic complex and anorthositic 
massifs). 

The first period of deformation and the prograde 
stage of metamorphism resulting from the subduc-
tion of the ocanic crust. Calc-alkaline magmatism 
in the Inari—Kola craton. 

2.0 Marine sedimentary deposits (in particular the 
dolomites of the Kemi area dated at 2.05 Ga) and 
the third volcanic episode (Upper Jatulian). 

Geosynclinal filling with flysch-like terrigenous sed-
iments and a continuing tholeiitic volcanic activity 
(khondalite suite). 

2.1 Geosynclinal period initiated by an intense calc-
alkaline and tholeiitic volcanism (Tana belt). 

2.2 Middle Jatulian deposits and the second volcanic 
episode. 

2.3 General uplift of the continental crust in Karelia 
and Kola Peninsula. 

2.4 

Emplacement of transitional sediments and the 
first volcanic episode (alkaline volcanism). 

Continental rifting and formation of fault-bounded 
basins (Pechenga—Varzuga rift, Kuolajärvi—Windy 
belt). 

Ductile spreading. Emplacement of early granitoids 
(2.36 Ga). Hypothetical rifting (not recorded) at 
the site of the future geosynclinal. 

2.4 Formation of a continental rise and emplacement of stratified gabbroic massifs in southern Lapland (Kemi, 
Syöte) and Kola Peninsula (Paana, Monchegorsk). 

2.5 Late pink granites associated with the greenstone with the greenstone belts of Karelia. Emplacement of the 
Sariolian sediments and volcanics. 

2.5 Archean crustal evolution 

ly different from those encountered in aula-
cogen-like settings. 

(2) The restricted character of the bimodal 
volcanism in the Tana belt implies sufficient 

opening to limit the crust-mantle interaction. 
(3) The great extension of the lateral Jatulian 

rift basins (the supracrustals of the Pechenga— 
Varzuga rift spread nowadays 30 km wide) gives 
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clear indications on the extent of the opening in 
the central part of the mobile belt and thus sup-
portes the high probability of oceanization. 

Most of the field and chemical data contra-
dict the subduction of oceanic crust during the 
filling of the Belomorian geosyncline. The main 
arguments are: the lack of piedmont formations 
in the metasedimentary sequence, which in 
other respects is similar to Atlantic-type sedi-
ments, the presence of continental shelves on 
both sides of the basin, the absence of obvious 
marginal calc-alkaline volcanism and the origin 
of the calc-alkaline charnockitic plutonics in-
consistent with the melting of MORB-type ba-
salts. It seems likely, however, that the subduc-
tion took place later, just before the collision. 
This is indicated by (1) the asymmetry and the 
abundance of early Proterozoic foliated calc-
alkaline dioritic to granodioritic plutons re-
stricted to the Inari—Kola craton and (2) the 
existence in the metasedimentary granulites of 
prograde assemblages associated with earlier 
foliation, both predating the collisional event. 
This cordilleran-type calc-alkaline magmatism, 
ranging from gabbro to granite, strongly favours 
the subduction of a wet oceanic crust (lowering 
melting temperatures in the overlying mantle 
wedge). This is a fundamental difference from 
many Precambrian mobile belts, which seem to 
be almost completely devoid of such subduction-
related calc-alkaline magmatism. Since meta-
morphism and deformation occurred over the 
range 1.9—2.0 Ga, the whole oceanic crust 
must have been subducted in less than 100 Ma 
(i.e. within the limits of analytical uncertainty). 

Another significant difference from ensialic 
mobile belts is the typical monocyclicity of the 
Belomorian tectono-metamorphic event, whereas 
up to three thermal events have been recorded 
in the intracontinental Damara belt (Kroner 
1982). Note also that crustal shortening is not 
confined to the margin of the belt but extends 
for several hundred kilometres within the over-
riding plate. 

Finally, the synchronism between the colli-

sion in the Belomorides (displaying a westward-
facing vergency) and the opening of the Sveco-
fennian geosyncline implies relative displace-
ment and subduction of the Karelian continen-
tal crust to the east. 

The conditions imposed by the above con-
siderations prompt the following speculations 
on the development of the Belomorides (see also 
Table 6 and Fig. 10). Originating in an asthenos-
pheric belt system (see for example Zorin 1981), 
subsidence was initiated in an eroded Archean 
sialic crust by crustal stretching. A first phase of 
rifting (2.4—2.2 Ga) led to the formation of the 
fault-bounded troughs of Karelia and Kola Pe-
ninsula (abortive rifting phase ?). Further crustal 
spreading and continuous heating of the lower 
crust produced considerable thinning of the 
continental crust. This ruptured, giving rise to a 
geosyncline floored by oceanic crust and edged 
by two continental shelves (passive margin). 
The geosynclinal period (2.1—2.0 Ga) culminat-
ed with the deposition of a terrigeneous sedi-
mentary sequence and with tholeiitic volcanism. 
The closure (2.0—1.9 Ga), followed by subduc-
tion of the oceanic crust (Cordilleran-type plu-
tonism, early deformation and metamorphic 
recrystallizations), ended with continental colli-
sion (tangential tectonics, peak metamorphic 
conditions). This probably resulted from hori-
zontal compression related to eastward motion 
of the Karelian plate ( = Karelian medium mas-
sif) by the combined effect of (1) the subduction 
of the oceanic crust through spontaneous insta-
bility (Hynes 1982) and (2) the opening of the 
Svecofennian geosyncline. Finally, the erosion 
of the Belomorian fold belt gave rise to molassic 
deposits of the Kalevian Group (1.9—1.8 Ga). 

Conclusions 

(1) The Lapland granulites together with the 
Tana formations constitute an overall N—S-
trending high-grade belt occupying the axial 
zone of the early Proterozoic Belomorian fold 
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KARELIAN PLATFORM AND RIFTS Ear ly g r a n i t o i d s , PECHENGA-VARZUGA RIFT 
(Lower and Middle J a t u l i a n ) bimodal vo lcan ism ( K u e t s j ä r v i f o r m a t i o n ) 

Diabase 
dykes A l k a l i n e— 

vo l c a n i s m 
A s t h e n o s p h e r i c 

b l i s t e r 

KARELIAN PLATFORM AND RIFTS BELOMORIAN GEOSYNCLINE 
(Upper J a t u l i a n ) 

PECHENGA-VARZUGA RIFT 
( K o l a s j o k i f o r m a t i o n ) 

BELOMORIAN GEOSYNCLINE 
Opening of the 
Svecofenn ian g e o s y n c l i n e Subduct ion of the ocean ic c r u s t 

and b u r i a l of a sed imentary wed 

Eastwards d i sp l acemen t 
of the K a r e l i a n l i t h o s p h e r e C o r d i l l e r a n - t y p e p l u t o n i s m 

in the I n a r i - K o l a c r a t o n 

Molasse BELOMORIAN FOLD BELT 
(Kalevian Group) 

SVECOFENNIAN 

G E O S Y N C L I N E 

C o n t i n e n t a l c o l l i s i o n , nappe 
g r a n u l i t e grade metamorphism 
and c a l c - a l k a l i n e p l u t o n i s m 

Fig. 10. Hypothetical evolution of the Belomorian orogenic belt. Modified after Barbey (1982) 
1) Oceanic crust; 2) Volcanic and sedimentary formations; 3) continental crust. Not to scale. 

belt (1.9—2.4 Ga). Allowing for lithological, 
metamorphic and structural features charac-
teristic of geosynclinal formations, they are be-
lieved to represent the suture of the fold belt. 

The surrounding parts are mainly composed of 
intensely reworked Archean material and of 
early Proterozoic supracrustals that correspon-
ded to two continental domains (Inari—Kola 
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and South Lapland—Karelia cratons) with their 
epicontinental covers (Jatulian). 

(2) Re-interpreted in terms of a Wilson cycle 
as a collisional orogen, the Belomorides are 
thought to represent an intermediate case 
between an intracontinental mobile belt oro-
geny and a modern active plate margin. The 
lithology and the salient symmetry of the Belo-
morian sedimentary basin together with the ab-
sence of subduction during the geosynclinal pe-
riod are rather consistent with what we know 
about ensialic orogens (Kröner 1977), thereby 
suggesting that the Belomorides proceeded from 
the reactivation and the breakup of a single 
Archean craton. But the nature and extent of 
the geosynclinal magmatism and sedimentation, 
the large-scale tangential movements and the 
widespread cordilleran-type plutonism in the 
Inari—Kola craton (viz. the overriding plate) 
evoke present-day marginal orogeneses. The 
Belomorides, which display close analogies with 
well established Upper Proterozoic and Phane-
rozoic collisional chains such as the Hoggar— 
Iföras segment (Caby et al. 1981) and the North-
ern Appennines (Kligfield 1979), appear to be 
the oldest fold belt in which a suture has been 
recognized, and suggest that the Wilson cycle 
has been active since at least 2.1—2.0 Ga. 

(3) Finally, increased stability of the oceanic 

tectosphere, the growing scarcity of crust-mantle 
decoupling, and the interaction of large-sized 
plates related to progressive cooling of the 
mantle (Hargraves 1981; Hynes 1982) might ac-
count for the gradual but diachronous change in 
the sites of formation of the granulite belts 
from intracontinental mobile belts to active 
plate margins. In this respect, the Lower Pro-
terozoic is a period during which highly diver-
gent mobile belts coexisted: from primitive 
types close to Archean evolution like the Tran-
samazonian segment in French Guyana (Marot 
and Capdevila 1982) to astonishingly modern 
fold belts like the Belomorides through the 
widespread African intracontinental mobile 
belts. 
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