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YEVGENI N I C K O L A E V I C H T E R E K H O V * — V A L E R I IVANO VÍCH L E V I T Z K I * * 

THE PETROCHEMICAL EVOLUTION OF BASIC GRANULITES IN 
TECTONIC NAPPES (THE COLA PENINSULA, U.S.S.R.) 

(Figs. 2, Tabs. 2) 

A b s t r a c t : A rock associat ion r e p r e s e n t e d b y granite-gneisses, g a r n e t 
amphibol i tes , anor thos i tes , eclogites, bas ic a n d acid g r a n u l i t e s is q u i t e 
c o m m o n in t h e N E Bal t ic Shield, L a p l a n d . I t has been establ i shed 
t h a t t h e s u b h o r i z o n t a l s t r u c t u r e of these complexes is r e l a t e d to t h e 
t h r u s t i n g of deep-seated g r a n u l i t e rock masses u p o n t h e P r e c a m b r i a n 
grani te-gneisse b a s e m e n t . G a r n e t a m p h i b o l i t e s a r e polygenic tectonised 
rocks of t h e t h r u s t b a s e m e n t after p r i m a r y rocks of two types : basic 
g ranul i te s a n d p o r p h y r i t e s f rom t h e L a t e A r c h a e a n greens tone belts 
t h a t h a d been involved into t h e process of t h r u s t i n g . Anor thos i te s m a r k 
t h e p lanes of m a x i m u m d i s p l a c e m e n t s and, in some cases, are of in-
di sputed crusta l a u t o c h t h o n origin. Geochemical ly, acid g ranul i te s 
confined to t h e u p p e r p a r t s of t h e n a p p e s can be cons idered as a k ind 
of facial analogues of g rani tes t h a t w e r e formed u n d e r compress ion. 
Chemica l changes in t h e m a t t e r of t h e rocks of tectonic n a p p e s followed 
a cer ta in t e n d e n c y t h a t w a s reflected b y t h e r e d i s t r i b u t i o n of e l e m e n t s : 
most of t r a c e e l e m e n t s w e r e dejected f rom t h e r e a r zones in t h e t h r u s t 
p lates and a c c u m u l a t e d i n t h e f ronta l ones, w i t h Na, SiOo, Ba, Zr, Rb 
and Sr be ing i n t r o d u c e d f rom great d e p t h s . 

P e 3 io M c : Ha ceBepo-BOCTOKe BanTMMCKoro mwTa, B JIanjiaH«nn, ini-ipoKHM 
pacnpocTpaneHMCM nojib3yeTCíi accouKauMH nopofl npeflCTaBJíCHHaa: rpam-i-
TO-rHeřícaMH rpaHaTOBbiivra aMcpHoojiJ-rraMH, aH0pT03HTaMn, sraiori-iTaiviM, oc-
HOBHHMM H KMCJIMMM rpaHVJWTaMH. YCTaHOBJíeHO, KTO CySr0pil30HTaJIbHaiI 
CTpyi<Typa STJ-IX KOMnjieKCOB o6pa30BaHa B pe3yjibraTe HaflBWra rjiyôHHHMx 
rpanyjiMTOBbix iviacc Ha flOKapenbCKMii rpaHMTo-rHeficoBbiň cbyHflaMeHT. ľpa-
HaTOBbie aMcpiiSojiUTbi SIBJMIOTCH nojinreHHMMM TeKTOHM3npoBaHHbiMH nopo-
flaMH ocHOBaHMH HaflBMra M o6pa30BaHbi no MCxoflHbiM nopoflaiví UByx TnnoB: 
ocHOBHbiM rpanyjiiiTaM n nopcpMDiiTaM no3flHeapxeiíCKHx 3ejieHoi<aMeHHbix 
noacoB, BOBJíeqeHHbiM B HaflBMroo6pa30Banne. AHOPTO3MTM MapiaipyíoT njioc-
KOCTH MaKCMivrajibHbix nepeMeincHMH M B píifle cjiynacB MMeiOT HecoMiieiiHO 
KOOOByiO aBTOXTOHHVK) npupOfly. n o reOXMMMMeCKMM OCOSeHHOCTflM KMCJIWC 
rnaHyjiMTbi, npnypoienHbie K BCPXHMM qacTHM nOKpoBOB, ÍIBJIHKOTCH CBOC-
06pa3HbIMII CpaUKajIbHblMH aHaJIOraMM rpaHMTOB CCDOpMMpOBaHHblMM B oO-
CTaHOBKe OKaTMsi. XMMMqecKaH HanpaBJíeHHOcTb npoueccoB rrpco6pa30BaHMH 
rjiySMHHoro BemccTBa B TeKTonwjecKMx noi<poBax 3ai<jiiOHaeTcsi B nepepac-
npeflejieHMw 6oJibuiMHCTBa pynHbix M neTporeHHwx OJICMCHTOB, KOTopwe B H -
HOCHTCSI M3 TbIJIOBblX 30H H IiaKanjlMBaiOTCJI BO CppOHTajlbHblX HaCTÍIX HaflBH-
rOBbix nnacTMH, npn rjiySmiHOM ripuBiiocc: Na, SiOL,. Ba Zr, Rb, Sr. 

O n e of t h e m a j o r p r o b l e m s i n g e o l o g y is t h e s t y l e of t h e E a r l y P r e c a m b r i a n 
tec tonics . T h e p r o b l e m p r e s e n t s a c e r t a i n d i f f icu l ty as it is n o t a l w a y s p o s s i b l e 
to f ind d i r e c t a n a l o g u e s i n r e c e n t g e o l o g y . I t p r i m a r i l y c o n c e r n s t h e p r o c e s s e s 

O n e of t h e m a j o r p r o b l e m s i n g e o l o g y is t h e s t y l e of t h e E a r l y P r e c a m b r i a n 
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tectonics. The problem presents a certain difficulty as it is not always possible 
to find direct analogues in recent geology. It pr imari ly concerns the processes 
of formation of l inear belts of deeply metamorphosed rock series of granulite 
and amphibolite fades metamorphism. The rocks of these belts had undergone 
a tectonic reworking of an extraordinary long duration over I Ga mostly 
under the regime of high P-T conditions. Therefore, these belts are looked upon 
as favourable objects to study the Early Precambr ian structural and rock-
-forming processes. 

Fig. 1. Geological-structural scheme of the Kandalaksha-Kolvitz granulite complex. 
Explanations: 1 — Paleozoic intrusives; 2 — biotite granite-gneisses (a) and stra­
tified migmatites-blastomilonites (b); 3 — biotite-amphibole granite-gneisses bea­
ring high-pressure relics; 4 — hypersthene granulites; 5 — supracrustal Late Ar­
chaean complex represented by porphyrites, gneisses, calciphyres, conglomerates; 
6 — the Uraba rapakivi-like granites; 7 — enderbites; 8 — microcline and alkali 
granites; 9 — mafic and ultramafic intrusives; 10 — anorthosites; 11 — garnet 
amphibolites: foliated polygenic ones (a), more massive diaphthorites after basic 
granulites (b); 12 — two-pyroxene granulites; 13 — eclogites; 14 — acid granulites, 
high-alumina gneisses are rare; 15 — main faults and thrust planes; 16 — faults; 

17 — strike and dip. 
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The Lapland-Belomoridic belt located in the east of the Baltic Shield is 
a geological s t ructure of the above said type. This paper deals with one of 
its fragments — the Kandalaksha-Kolvitz structure. The geological s tructure 
and main types of magmatic, metamorphic and metasomatic rocks of this geo­
logical object have been thoroughly described in numerous publications (V i-
n o g r a d o v—B o g d a n o v a—Y e p h i m o v, 1980 ; P r i y a t k i n a—S h a r-
k o v, 1979; K r y 1 o v a, 1983 ; B e 1 y a e v, 1981 and others). 

We have been carrying out structural-petrogeochemical investigations in this 
area for several years with the aim to understand better the evolution of the 
petrogenetic processes. The Kandalaksha-Kolvitz s tructure is a system of tectonic 
nappes composed of basic granulites and ultrabasic intrusives of various me-
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Fig. 2. Schematic presentation of the "cross-section" of the Kandalaksha-Kolvitz 
granulite complex. 

Explanations: Symbols are the same as in Fig. 1. The numbers of the analyses are 
given in Tab. 1, 2. 
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tamorphic grade. It has been established that the rocks that were metamorpho­
sed under the conditions of granuli te íacies are thrust upon the migmati te-
-granite complex of the basement, garnet amphibolites being formed at the 
base of the nappe (Fig. 1). At the surface, a series of nappes can be observed 
as flat cuplike synforms. The central parts of them are composed of rocks that 
were metamorphosed under the conditions of granuli te facies at moderate and 
high pressures (The Granul i te Facies, 1972). eclogite-like rocks and gabbro-
-anorthosites; the marginal ones are built by garnet amphibolites and migma-
tites. The rocks of the granuli te facies are exposed as flat-lying horizons that 
a rmour the summits of major mountains that dominate over the smaller hills 
of the marshy arctic prairies. The migmati te-granite basement can be observed 
at the base of the hills and is overlain by ' 'contact aureole" composed of 
tectonically altered rocks of the nappe 's basement and of basic granuli tes of 
the nappe itself (Fig. 2). 

Migmatite-granite basement 

The migmati te-grani te (granite-gneiss) basement is characterised by isometric 
dome features from 5 to 60 km in size (T e r e k h o v. 1982). The basement itself 
is built by rocks otf at least three genetic types. The first group is constituted 
by biotite. biotite-amphibolite migmatites which include relics (skialiths) of 
older rock associations represented mostly by basic granulites that were me­
tamorphosed under the conditions of granuli te facies at moderate pressures. 
The rocks of the second group can be encountered in the nappes of dome 
structures. They are composed of faintly foliated massive granite variet ies: 
granites, charnokite-enderbites. shadow migmatites. Rootless bodies of basic 
and ultrabasic composition — drusites — are widespread there as well. Geo­
logical mapping indicates that there are occasional occurrences of volcanic-se­
dimentary rock series in the fringes of the domes. They are encountered as 
separate fragments of irregular shape from I to tens of kilometers in size 
and are represented by slightly granitized basic metavolcanites, gneisses, conglo­
merates, marbles. These fragments can be correlated with those of the Late 
Archaean greenstone belts in Karelia (The Evolution . . . , 1984) and Central 
and Northern Finland (C a a 1. 1978; B a r b e r y . 1980). Metamorphic change; 
in the rocks of this dome structure followed a certain tendency which revealed 
itself in the sequential character of their al terat ions: granuli tes-plagiomigma-
tites-shadow migmati tes-gramtoids. The radiometric age of zircon seems most 
reliable and dates the process of granit ization back to 2.8—2.7 Ga (Magma-
tic . . . , 1985). 

Contact aureole 

Metamorphitcs that were formed under high P-T conditions are known to 
be present in the nappe basement of the thrust faults of subduction zones. 
These metamorphi tes a re thought to belong to the rocks o'f contact aureole 
( C o l e m a n . 1979). Assuming, the Lapland granuli te complex is the analogue 
of the cited geological features, we infer that the member of altered rocks 
underlying the former refers to the rocks of contact aureole on these grounds. 
Contact aureole is actually a zone of viscous flow at the base o'E a hot thrust 
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fault. The bottom of contact aureole is difficult to trace amongst the migmati te-
-granites of the basement. With the said rocks approaching granulites, sub-
horizontal zones of plagiomigmatites start to appear in them. These zones 
cut the dome structure of the basement. Gradually, the volume olf these pla­
giomigmatites increases, while the number of relict areas of the basement 
reduces. The thickness of the transitional zone is about 1 km. Small recumbent 
drag folds composed of plagiomigmatites are widespread there. Axial fold 
planes, as well as other structural elements with angles 20—30°, dip under 
the granulites. In the upper part of the zone of recumbent folds, lenses of 
supracrustal rocks conformable to the schistosity appear: non-granitized 
gneisses, porphyri tes (Tab. I, an. 2), garnet-muscovite schists 1—20 m thick 
(Fig. 2). Numerous bodies of ultrabasic rocks fill the interbecl spaces (Tab. 1. 
an. 1). Rocks that exhibit signs of pr imary volcanic-sedimentary genesis are 
not typical for the granuli te complex and their presence in the ' 'cross-section" 
as a result of tectonic huddling seems to be the only reasonable explanation. 
Garnet amphibolites after porphyri tes can be observed in the upper par t of 
the supracrustal rock series. At first, they appear only at the base of tectonic 
plates that make up the "cross-section". Gradually, garnet amphibolites grow 
in number untill completely substi tute the relics of volcanic rocks. Garnet 
amphibolites are ra ther monotonous rock types of dark colour. They differ 
in the garnet size, varying from 1 m m to 10—15 cm, their number and ratio 
to plagioclase, hornblende and diopside. Garnet amphibolites are characterised 
by significant :foliation both at small (thin layers of 1—5 cm) and large scale 
(1—15 m) that can be traced for many kilometers. Garnet appears as re­
gularly or irregularly disseminated bands, veins, porphyroblasts. As compared 
with pr imary rocks (porphyrites), garnet amphibolites are poor in Al ,0 ; i and 
Fe20 :1 (Tab. 1. an. 3). Some garnet amphibolites after basic granulites, un-
distinguishable from the above described ones in appearance, contain relict 
grains of hypersthene ( K r y l o v a . 1983; V i n o g r a d o v et al., 1980). 

Notes to Tab. 1.: n — number of samples. Over the fraction bar the number of the 
analyses used to calculate mean petrogenic elements comtent, below the fraction bar 
the number of samples that were analysed for rare elements; 1—4 — chemical 
analysis of the samples from contact aureol (elements of the iron group of the 
granulite thrust): 1 — metapyroxenite, 2 — metaporphyrites (our data; B o g d a-
n o v a — E p h i m o v. 1976; V i n o g r a d o v et al., 1980), 3 — garnet amphibolites 
(our data; V i n o g r a d o v et al.. 1980), 4 — plagiogranites ("pseudoconglomerates"); 
5—7 — the composition of rocks that were metamorphosed under the moderate 
P conditions of granulite facies and encountered as relics in the migmatite-granite 
basement and granulite thrust (allochthon): 5 — average composition of the sil-
limanite-garnet-biotite, cordierite-sillimanite-garnet-biotite, biotite-garnet rock types 
(our data; V i n o g r a d o v et al.. 1980), 0 — two-pyroxene-with garnet-and biotite 
gneisses. 7 — two-pyroxene, two-pyroxene-hornblende, hypersthene-plagioclase basic 
granulites (our data; V i n og r a d o v et al., 1980 ; K r y l o v a , 1983; P r i y a t k i n a — 
S h a r k o v, 1979); 8—11 — ultrametamorphic rocks: plagiomigmatites after basic 
granulites (8), K-feldspar shadow migmatites after alumina gneisses (9). enderbites 
after basic granulites (10), biotite and biotite-garnet granites (11); 12—13 — hy­
persthene granulites from the western (12) and eastern (13) parts of the area; 
11—17 — gabbro-anorthosites: 14 — average composition of gabbro-anorthosites 
( P r i y a t k i n a — S h a r k o v , 1979; V i n o g r a d o v et at.. 1980; our data), 15 — 
norite-anorthosites (kataranscites), 16 — anchimonomineral anorthosites, 17 — dio-

rite-anorthosites — granitized anorthosites. 
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The lower member of garnet amphibolites comprises a great number of linear 
veins of migmatites, the final products at which are represented both by pla-
giogranites (Tab. 1, an. 4), that had been earlier taken for conglomerates (Mag-
matic . . . , 1985), and alkaline granites. Higher in the "cross-section", thin veins 
and lodes of essentially plagioclase composition (Tab. 2. an. 20, 21) start to 
appear. Plagioclasites are foliated, rarely massive, rocks that are conformable 
to amphibolites. In smaller bodies the contacts with the rocks of the frame are 
gradual ; towards the center of the beds the number of plagioclase increases. 
Dark-coloured minerals tend to form lense-like associations of eclogite-like 
rocks of garnet-cl inopyroxene composition (Tab. 2, an. 18, 19). The lack of mag-
matic s t ructures in the plagioclasites of this type suggests their autochthonous 
origin. Their modern position corresponds to the level of origination of high-
-a lumina melts. Following the str ike of the granul i te thrusts , one can trace all 
the products of al terations from autochthonous plagioclasites to large isolated 
bodies of allochthonous anorthosites containing typical magmat ic structures. 

Granulite allochthon 

The results of structural analysis, field geological and petrogeochemical in­
vestigations evidence tha t the rocks tha t have been referred to the Lapland 
supracrustal granuli te complex (B e 1 y a e v, 1971) or to the tectonically altered 
rocks of the Cola series (Granulite Facies. 1972) had, in most cases, originated 
at great depths, been uplifted to the level of amphibolite and epidote-amphibo-
lite facies and tectonically superimposed upon the Archaean and, partly, Early 
Proterozoic complexes. The thermoisochrone emission Pb-Pb age of zircon refers 

Notes to Tab. 2.: n — number of samples. Over the fraction bar the number of 
the analyses used to calculate mean petrogenic elements content, below the fraction 
bar the number of samples that were analysed for rare elements: 18—21 — contact 
aureole: 18—19 — plagioclase-quartz-garnet rocks with various leucocratic mine­
rals garnet ratios, the latter being from peripheral zones of metasomatic rock bodies' 
20 — quartz-garnet-plagioclase rock from the central parts of the same bodies; 
22 — garnet-clinopyroxene-with plagioclase eclogite-like rocks after schists; 23—27 
— granulite allochthon: 23—25 — melanocratic metasomatites from peripheral and 
intermediate parts of the quartz-silimanite-garnet rock bodies (23) ( P r i y a t k i -
n a — S h a r k o v , 1979), essentially hypersthene monomineral varieties and with 
garnet, sillimanite.' cordierite and anorthosite admixtures (24) ( B e l y a e v , 1981: 
K r y l o v a , 1983), garnet-sillimanite-quartz varieties (25) ( P r i y a t k i n a — S h a r ­
k o v . 1979); 26—27 — leucocratic, essentially quartz-with hypersthene-garnet-sili-
manite-biotite-K-feldspar rocks — acid granulites from the central parts of the 
metasomatic rock bodies ( P r i y a t k i n a — S h a r k o v . 1979: B e l y a e v . 1981: 
K r y l o v a . 1983): 28 — essentially amphibole rocks after basic granulites and mela­

nocratic metasomatites. 
Rare elements and Li nad Rb contents were measured by means of qualitative 

spectral analysis technique (Emission . . . , 1979) and atom absorption method res­
pectively. The authors would like to thank Mrs. L. N. O d a r e e v , A. I. K u z n e t -
z o v and D. Ya. O r l o v of the Vinogradov Institute of Geochemistry of the U.S.S.R. 
Academy of Sciences, the Siberian Branch, who were in charge of the measure­
ments. 
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the beginning of the deep-seated rock masses uplifting to 2.7—2.5 Ga and its 
termination to about 1.9—1.7 Ga. At that t ime the formation of the s tructure 
had completed. Tha granuli te allochthon is composed of a series of flat-lying 
plates that centerwards become steeper. The rocks of the allochthon make up 
4 groups according to their ma t te r composition and genetic types. 

I. Rock associations similar to those of the basement (biotite-amphibole-hy-
pers thene migmati tes and granulites) occur in the eastern par t of the area. 
Here relict associations of two-pyroxene, hypers thene, hypers thene-hornblende 
plagioschists (Tab. 1. an. 7. 13) and. rarely, plagiogneisses. as well as gneisses 
containing biotites. garnet, cordierite, sillimanite (Tab. 1. an. 0. 6) can also 
be identified. Younger granites form zones of irregular cutting bodies and 
always contain relics of older granulites and gneisses. As they approach the 
rapakivi-l ike granites of the Umba Massiff in the east, migmati tes become 
abundant . Chemical alterations t rends are characterised by the increase of 
S i0 2 . Na.,0. K.,0, Ba content and decrease of that of Fe. Mg. Ca (Tab. 1 
an. 8. 9. 10. 11)"in the newly formed rocks as compared with the pr imary ones 
(Tab. 1. an. 5. 6. 7). That tendency agrees with that typical of the ultramafic 
rocks. 

II. Granulites and gneisses that were metamorphosed under the conditions 
of granulite fades at moderate pressures wi th imprints of the granuli te facies 
paragenesis of high pressures predominate in the nappes. Two-pyroxene, amphi-
bole-two-pyroxene and bioti te-pyroxene basic granulites prevail. A characteristic 
feature of the rocks of the granul i te thrus t is their having been intensively al­
tered. That process had led to the formation of mineral associations related to 
the granuli te facies conditions of higher pressures which, in their turn, were re­
flected by active development of garnet from 2—5 cm to 10 cm in size and 
large hypersthene followed by granitization. silicification and amphibolitisation 
that produced both porphyroblasts and monomineral rock types. On the whole. 
basic granulites of the Kandalaksha-Kolvitz structure are in close affinity with 
the tholeiites of greenstone belts (TH-I ( C o n d i . 1983). the only difference 
being higher Ba and Sr content (Tab. 1. an. 7). and, according to modern views, 
correspond to the tholeiitic basalt of island arcs and active continental margins 
(L u t z. 1979). Geochemically. there are two groups of the main rock types 
(Tab. I. an. 12 and 13). Pronounced geochemical difference between the two 
rock types showing close petrochemical affinity probably indicates the differen­
ce in the mechanisms or depth of their formation. 

III. Basic and ultrabasic rocks with preserved magmatic textures are wi­
despread within the allochthon. They include: a) basic and ultrabasic rock 
types that correspond to hypersthene. norites, garnet pyroxemtes. websterites 
(10 % of the area): b) gabbro-anorthosi te rocks (20 % of the area). It's worth 
mentioning that in some cases it is impossible to distinguish between these 
rock types and the enclosing granulites on the ground of the former's compo­
sition and geological, mineralogical and geochemical features. A complex of 
gabbro-anorthosites attracts special attention. It can be observed as sills con­
fined to the granuli tes/garnet-amphiboli tes contact (P r i y a t k i n a — S h a r-
k o v, 1979: V i n o g r a d o v et al.. 1980). The Kolvitz Massif forms a body 
2 km thick and 60 km long. Start ing from the lower hollow contact and up­
wards, the following rock types have been mapped: melanocratic and mezocra-
tic gabbro-anorthosi tes wi th eruptive breccias, leucocratic anchimonomineral ic 
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anorthosites, gabbroanorthosi tes, norties. Gabbro-nori te-pegmati tes (cataran-
scites) and plagioclase pyroxenite-webster i tes occur in close association with 
granites. The contacts are usually tectonic. Garnet -pyroxene (eclogite-like) rock 
types are confined to the upper contact. The granul i te /anorthosi te contact is 
marked by granitization. 

Rocks of essentially plagioclase composition are encountered within the area 
of development of the rocks of the granuli te fades . These former contain 
admixture of quar tz and garnet tha t can be met wi th as bodies of i r regular 
shape, beds and veins up to tens of meters thick. Their composition is similar 
to tha t of gabbro-anorthosi tes, the only difference being smaller sizes and 
occurrence amongst the granuli te rocks. Chemical composition of gabbro-
-anorthosites depends upon the mineral one (Tab. 1, an. 14—17). S i 0 2 content 
in both anorthosites and the enclosing basic granuli tes is alike. Melanocratic 
varieties confined to the marginal par ts of the massif are rich in Mo. Fe, Co, 
Ni. Cr. V. while leucocratic ones confined to its central par t are poor in these 
elements and rich in A1.,0:!. Low Ba. Sr. Zr content is characteristic for all the 
anorthosite rock types. High concentrations of these elements is a peculiar 
feature of the rocks that had undergone u l t rametamorphic changes: diorite-
-anorthosites after gabbro-anorthosi tes (Tab 1, an. 17). 

IV. Metasomatic rocks are widespread in the granul i te allochthon and con­
tact aureole. They occur most commonly in the contact area of tectonic plates. 
It is these rock series that can be indicative of the evolutionary processes and 
chexiical trends of petrogenesis in the zones of thrusting. Geologically, two 
groups of metasomatic rock series can be distinguished. The first, older, group 
reflects the granuli te and high- temperature amphibolite facies u l t rametamor-
phism under the regime of high pressures. The metasomatites of this stage are 
characterised by rocks containing porphyroblasts of garnet hypersthene and 
plagioclase that can be seen as regular or i rregular dissipations, bands, nests. 
Zoned metasomatic bodies are rare. The second group refers to the postultra-
mal'ic (postmigmatite, postmagmatic) stage and is characterised by isolated 
beds and veins of i rregular shape that often displey zonal texture . At the me-
tamorphic stage, garnet amphibolites originated from basic granuli tes and 
porphyrites at the lower and root part of the granuli te allochthon. 

The composition of the evolving mineral associations in a great extent depends 
upon the metamorphic grade of the pr imary rocks and their position in the 
zone of thrust ing. Grossulari te end member prevails in the garnets of garnet 
amphibolites after the rocks rich in Ca. while pyrope end member constitutes 
the largest part of those rich in Mg. The mineral assemblages typical of the 
rocks after porphyrites in the eastern, least metamorphosed, part of the thrust. 
a re : garnet amphibolite - melanocratic plagioclase-quartz-garnet rocks - mezoli-
tic quartz-garnet-plagioclase rocks - leucocratic garnet-quartz-plagioclase rocks -
substantial ly plagioclase-quartz rocks. Metasomatic changes in the rocks of con­
tact aureole followed a certain tendency reflected by a gradual fading out of gar­
net and s t i l lwiderc lcve lopmentofquar tzandplag ioc la . se . Petrochemically. tha t 
resulted in the increase of S i0 2 . Na 2 0 content and decline of that of Ca. Mg. 
AI. Fe. Ti. the lat ter being accumulated in the intermediate zones (Tab. 2, an. 
18. 19. 20) where V. Cu. Zr. Sn. Zn concentrations have been found higher than 
in the primary rocks (Tab. 1. an. 2. 7). Leucocratic varieties of these metalo-

http://stillwiderclcvelopmentofquartzandplagiocla.se
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matites are similar to plagiogranites (pseudoconglomerates) (Tab. 1. an. 4). 
Numerous bodies of eclogite-like rocks can be observed in the upper par t of 
gabbro-anorthosites. They are encountered as isolated sills in anorthosites. basic 
granuli tes and, most commonly, at their contact. The composition of the above 
rocks is al ike regardless their respective position. They are constituted by gar­
net ( 3 5 % — 5 5 % of pyrope, 10 %—.20% of grossular) and pyroxene of the 
diopside-hedenbergite series (f = 17—40 %) ( K r y l o v a , 1983). These rocks 
display compositional affinity to basic granulites, are characterised by low Cr 
and Co concentrations. (Tab. 2, an. 22) and exhibit only slight similarity to ul t ra-
mafic rocks in REE content. Since the aforesaid disagrees with the available 
data ( G o l o v n y a - K h v o s t o v a , 1974; K r y l o v a , 1983), they cannot be 
regarded as magmatic ultrabasic rock types on these grounds. We suggest that 
these rock types were formed after basic granulites in close association with 
gabbro-anorthosites and are actually a kind of residual mat ter (restite) after 
the origination of calc-alkaline magma by part ia l melting. 

The most common metasomatic rock series in granuli te allochthon are the 
so-called "acid granuli tes". Their metasomatic origin had been suggested by 
many investigators (P r i y a t k i n a — S h a r k o v , 1979: B e 1 y a e v. 1981). 
though some authors referred them to metamorphic rock types ( S c h e r b a k o -
v a, 1984). Acid granuli tes exhibit specifically inhomogenous composition, s truc­
ture and texture . The are encountered as beds, lenses and veins whi thin which 
they display gradual transition from essentially leuoocratic to basic granulite 
composition from the center to periphery respectively. Acid granulites mark 
upper contact of the allochthon where they lie more flatly and regularly than 
basic varieties. Occasionally they are met wi th in the inner par ts of the shear 
zones of the granul i te nappe where the strike of the flattened lenses is con­
formable to that of schistosity. The rocks there are composed of plagioclase 
(often ant iperthi te one). K-feldspar. quartz with insignificant garnet admixture. 
rhombic or, occasionally, monoclinal pyroxene, brown hornblende, sillimanite. 
On the contact with the pr imary rocks melanocratic minerals grow in number 
and bring about the development of monomineral and bimineral rock types. 
The rocks of the inner parts of the lenses are poor in Fe, Mo, Al and rich in 
S i 0 2 and N a 2 0 (Tab. 2. an. 25. 26. 27). while those of the periphery exhibit 
high concentrations of Fe. Mo, Al and Zr (Tab. 2, an. 23, 24). Chemically, the 
development of acid granulites is the same as that of migmati tes and implies 
dejection of the elements of iron group and introduction of silicon and alka­
lies, the former being accumulated in the peripheral zones. The undisputed 
characterist ic feature of acid granul i tes is the presence of high alumina rhom­
bic pyroxenes (up to 14° n of A1203 ; f = 20—23%) and high magnesian gar­
net (f = 33—40 ° o, up to 59 " ,, of pyrope) (P r i y a t k i n a — S h a r k o v. 1979; 
S c h e r b a k o v a , 1984). 

The postul t rametamorphic changes were reflected by the development of 
essentially biotite and anrphibolite rock types both as disseminations and mo­
nomineral rocks. The low-temperature metamorphism yielded cummingtonite 
after ferrogenous-magnesial silicates and ferrogenous carbonates. That stage is 
characterised by the accumulation of Fe, Cr. V, Ni. Co and decline of the Sr 
and Ba content as compared with pr imary rocks (Tab. 2. an. 28). 
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Specific features of petrochemical evolution of granulites 
in tectonic nappes 

The geological environments under which high-pressure granulites, eclogite-
-like rocks, anorthosites and garnet amphibolites are thrus t on the granite-gneiss 
basement is a phenomenon that can be explained only on the grounds of geo­
logical and petrogeochemical data on the development of packet of plates wi th in 
the Lapland-Belomoridic belt. The plates are supposed to be transferred from 
different distances and include basic granulites that had been altered under 
various thermodynamic conditions and later occurred on the same level. The 
rocks that exhibit the highest degree of al terat ions per ta in to the plates ' con­
tacts, garnet amphibolites, anorthosites and eclogite-like rocks being encounte­
red at the thrus t basement. Evidence of the longest-distance t ransferrence was 
observed at the contacts wi th anorthosites which are supposed to play an im­
portant, role of „lubricators". Granuli te nappes are characterised by a wide ran­
ge of basic and ultrabasic rocks of different mineral composition. Significant 
part of these rocks manifest undoubted features of either magmat ic or metaso-
matic genesis. 

Peculiar character of petrogenetic processes in the Kandalaksha-Kolvi tz tecto­
nic nappe, as compared with those typical for other areas of the Baltic Shield 
and the Aldan and Near Baikal regions, is specified by the peculiarity of the 
ul trametamorphic changes ( P e t r o v a — L e v i t z k i. 1984). Slightly granit i-
zed rocks prevail here in contrast to migmatites to shadow granites rock series 
of other areas. Facial analogues of migmati te-granites. acid granulites, quar tz-
-plagioclase rock types and plagioclasites of undisputed metasomatic origin are. 
however, also widespread in granuli te nappes. The ul t rametamorphic changes 
in the rocks of the tectonic nappes of each plate followed the same chemical 
trend which was reflected by the redistribution of most of the elements: Al. 
Ca. Mo, Fe, Ti. The elements of the iron group leave the rear zones of the 
thrust plates (extension zones) and accumulate in favourable structures of 
their frontal parts (compression zones). Introduction of alkalies (Si02 , Ba, Zr, 
Rb, Sr and, mainly, Na) st imulated the formation of metasomatic rocks after ba­
sic granulites. At this stage, essentially amphibole rock types form from schists, 
pyroxene and spinel-pyroxene skarns and calciphyres form from marbles, 
bles. 

In sense postmetamorphic changes in the rocks were observed in the area 
under study. There are occurrences of amphiboli te rocks from dark green horn­
blende to light green tremolite. On the whole, from the nappe basement u p ­
wards rocks become less amphibolized except on the plates ' contacts. It is t he re 
where thick, up to several meters , amphiboli te rock bodies occur, mafic me-
tasomatites and some minerals of the u l t rametamorphic stage being replaced 
by mica, phlogophite and biotite. The youngest metasomatic rock series are 
sporadic quar tz-kiani te and quartz-muscovite rocks after basic granuli tes. The 
development of sulphide mineralization tha t had yeilded pyri te, pyrrotine„ 
•chalcopyrite and galenite should also be refferred to the stage. 
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Conclusions 

1) The above data evidence that specific petrogenetic processes, principially 
similar to those in the upper horizons of the Earth 's crust, developed during 
the formation of teutonic nappes. In the studied area of the Lapland-Belomo-
ridic belt these processes took place in Early Proterozoic. Its development was 
caused by a high-gradient thermodynamic field that had evolved in the zones 
of deep-seated thrusts and, subsequently, led to partial melting, injection of 
melts and to metasomatic substitutions. 

2) The said processes that had led to metamorphic and metasomatic diffe-
rention of the mat te r followed a certain tendency reflected by the formation 
of a conj . 'gated rock series. Fe. Mg. Ca. Ti accumulated in melanocratic rocks, 
while essentially plagioclase and quartz rocks were formed mainly due to the 
redis tr ibut 'on of trace and rare elements in close association with S i0 2 . Na. 
Ba, Zr, Rb and Sr tha t were being introduced from great depths. Thus, anor-
thosites, plagiomigmatites and acid granulites on the one hand, and eclogites 
and ultramafites-mafites (restites) on the other hand, from the pr imary rock 
types represented by basic granulites. Anorthosites and plagiomigmatites are 
the products of crystallisation and were squeezed into the lower-pressure zo­
nes. At the same time, stratified bodies of plagiomigmatite. plagioclasite. acid 
granuli te are localised within supplementary zones through which deep-seated 
rocks were horizontally slided. 

3) Garnet amphibolites confined to the basement of the thrust plates are 
actually polygenic tectonized rocks formed after pr imary ones of two types: 
basic granulites and porphyri tes of the Late Archaean greenstone belts. The 
thrus t zone seems to be the only possible environment in which both rock types 
could undergo complete thermodynamic reworking with subsequent development 
of substitution reactions and unification of their composition till they formed a 
united pseudostratifiecl complex of banded garnet amphibolites. The latter 
are. in fact, specific tectonites of the nappes of the granuli te complexes. Deve­
lopment of the granul i te rock series may be associated wi th the long-living 
mant le convection plume. We suggest that thrusted nappes of hir;h metamor­
phic grade rocks can be considered as a paleoasthenosphere lense of Postar-
chaean —Early Proterozoic age. 
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