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PETROGENESIS OF ANATECTITE-GRANITES AND MIGMATITES 

(Figs. 2) 

A b s t r a c t : S t r u c t u r a l - p e t r o l o g i c s t u d y of g r a n i t o i d s a n d m i g m a t i t e s of 
t h e B e l o m o r i a n p o l y m e t a m o r p h i c c o m p l e x a l l o w e d u s t o s e p a r a t e t h r e e 
g r o u p s of s t a g e s a n d t o d e t e r m i n e t h a t t h e e a r l y s t a g e of u l t r a m e t a -
m o r p h i s m (3.0 b.y.] o r i g i n a t e d u n d e r c o n d i t i o n s of g r a n u l i t e f a c i e s , t h e 
s e c o n d s t a g e (2.8 — 2.7 b. y.] i n t h e a m p h i b o l i t e f a c i e s of h i g h p r e s c 
s u r e a n d t h e t h i r d s t a g e (2.0 — 1.9 b.y.) i n l o w t e m p e r a t u r e s u b f a c i e g 
of t h e a m p h i b o l i t e f a c i e s af i n c r e a s e d p r e s s u r e . T h e a n a l y s i s of c h e m i c a l 
c o m p o s i t i o n — a p a i r l e u c o s o m e - m e l a n o s o m e of m i g m a t i t e s a n d g r a n i ­
t o i d s of a l l t h r e e s t a g e g r o u p s a l l o w us t o e n d e a r o n t h e b a s i s of 4 X -
s t r u c t u r a l d i a g r a m a l b i t e - a n o r t h i t e — o r t h o c l a s e — q u a r t z — ( w a t e r ) 
t h a t a m o n g m i g m a t i t e s a n d g r a n i t o i d s r o c k s of n o n a n a t e c t i c o r i g i n p r e ­
v a i l a n d c o r r e s p o n d i n g l y t h e a n a t e c t i c m i g m a t i t e — g r a n i t e f o r m a t i o n s 
t a k e o r i g i n e s p e c i a l l y d u r i n g t h e t h i r d s t a g e a n d t h e y a r e c o n f i n e d t o 
t h e z o n e s of f a u l t s a s w e l l a s t o The c r e s t s of o p e n fo lds of t h e d e f o r ­
m a t i o n c y c l e a n d a t t h e s a m e t i m e , i n r o c k s of a n c h i g r a n i t e s t r u c t u r e . 

P e 3 K) M e : CTpyKTypHO-neTpojiorímeCKOe nayneHHe rpaHHTOH^OB H MiirMaTHTOB 
6ejiOMopcKoro nojiHMeTaMopc()HHecKoro KOMnjieKca no3BOJiHjio pac^JieHi-iTb HX Ha 
Tpii B03pacTHbie rpynnbi H ycTaHOBHTb, HTO paHHHii 3Tan yjiLTpaMeTaMopc|)H3Ma 
(3,0 Mjipn. JICT) npoHcxouHji B ycjiOBHjix rpaHyjiHTOBOH (|>auHH, BTopoií 3Tan 
(2,7 — 2,8 Mjipn. jieT) — B aMc(jH6ojiHTOBoii cfjauHH BbicoKoro naBjieHMH w TpeTifii 
3Tan (2,0 — 1,9 Mjipn. JieT) — B HH3KOTeMnepaTypHOH cyôtfjauHii aM^HÔojíHTOBoň 
(jjaqHH noBbimeHHoro naBjíeHHíi. ÄHajiHs xHMimecKoro cocTaBa n a p jieňKocoMa — 
MejiaHocoMa MiirMaTHTOB H rpaHHTOHflOB Bcex Tpex B03pacTHbix r p y n n Ha ocHOBe 
4x-KOMT10HeHTHOH UHarpaMMBI AjIb6HT-aHOpTHT-OpTOKJia3-KBapi; (BOHa) n03BOJlfleT 
BbiHCHHTb, 1TO cpemi MHrMaTHTOB H rpaHHTOHnoB npeo6jianaiOT noponbi Heana-
TeKTHiecKoro npoHcxo>K4eHHa, a coôcTBeHHO anaTeKTHiecKHe MHTMaTHT-rpaHHTHbie 
o6pa30BaHHíi B03HiiKaioT rjiaBHbiM o6pa30M Ha TpeTbeM 3Tane, jioKajiH3yioTCři B 3aM-
Kax CKjianoK H B 30Hax BH3KHX pa3pbiBOB, npimeM B nopoaax aHXMrpaHHTHoro 
cocTaBa, 

The problem of the generation of granitoid magmatic rocks remains actual 
yet in magmatic and metamorphic petrology. The authors have performed 
a penological study of granitoids and migmatites of the deeply-eroded Ar-
chean massif in the eastern part of the Baltic Shield and obtained some new 
data which seem to contribute to the pat tern of ul t rametagenic processes of 
granite formation. 

The Belomorian polymetamorphic gneiss and migmatite complex, as the 
structural-petrological investigations by O. I. Volodichev, M. M. Stenar, V. L. 
Duck indicated, had been originally affected 3.0 b.y. ago by the regional 
metamorphism during granulite facies of intermediate by pressure (6.0—6.5 
kbar, 700 °C). Subsequently, in the time range 2.8—2.7 b.y. the whole thick 
(7—8 km] gneissic series had suffered repeated folding and regional migma-
tization a n d granitization in the thermo-dynamic environment of a lmandine 
amphibolite facies of high pressure (9—10 kb, 650—700 °C). Later, at the 
third deformational-metamorphic stage (dated to 2.0—1.9 b.y.) the Belomorian 
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complex of migmatized gneisses has been subjected to the rheomorphism 
to form granite-migmatite tracts, fissure intrusions of granite-aplites and 
pegmatites (including commercial mica-bearing ones) connected with zones 
of tectonic displacements. The conditions of the metamorphism corresponded 
to garnet — cyanite — biotite — muscovite subfacies of a higher pressure 
[7.5—8.0 kbar, 580—650 C). 

Both the earlier and the repeated migmatizations show irregular character. A 
fair assessment of the migmatization scale can be made in exposures by esti­
mates of proportions of substratum rocks, generally modified to some extent 
during the migmatization (paleosome or melanosome), and the new-formed 
quartz-feldspathic material (neosome or leatcosome]. In the field such an 
arduous procedure is usually neglected, and the scale of the migmatization 
is a visual estimate of morphologic migmatite types (Fig. 1). This morpholo­
gic classification developed by K. A. S h u r k i n (1957) takes into account 
not only a distribution pattern of the leucosome within the substratum, the 
scale of its reworking and tectonic environment during migmatization, but 
to a certain degree reflects genetic features of the migmatites. 

According to modern conceptions the latter can originate in several ways: 
1. By the penetration of a granitoid melt into tectonic fissures or along the 
schistosity of the substratum (injection migmati tes) ; 2. by the metasomatic 
feldspathization of the substratum along the mechanically weak zones or by 
its dispersed-intergranular granitization (metasomatic migmati tes) ; 3. during 
the crystall ization-metamorphic differentiation of the substratum matter to 
form separated leucocrate components (segregated migmatites or venites] 
and 4. as a result of int imate interrelat ions between the processes of meta-
somatosis, crystallization differentiation and anatexis of the substratum gi­
ving rise to its reworking under conditions of ul trametamorphism which is 
commonly simultaneous to folded (in bedded rocks) and disjunctive (in brittle 
rocks) dislocation (ultrametagenic or heterogeneous migmati tes) . 

The study of the Belomorian gneiss-migmatite complex was intended to 
reveal a pat tern of dominant migmatite-forming processes at each of the 
three stages of the ul trametamorphism mentioned above and also to deter­
mine a genetic nature of the granitoids occurring in nebulites as small ho­
mogenous bodies with diffusive margins. 

Field observations indicate that migmatites of different morphologic types 
within the domains of low and moderate degree of migmatization are of 
mainly metasomatic origin, and in migmatites of high gradient metamorphism 
some varieties showing features of the injection and sometimes of the late­
ral segregation genesis are locally recorded. But within the higher metamor­
phosed domains the ul trametagenic migmatites are distinctly prevailing, for 
which the dominant petrogenic role of any process of the leucosome forma­
tion is not established. In thin section all the morphologic migmatite types 
are characterized by blastic textures complicated by the corrosion develop-
ment of minerals in the succession: plagioclase - - microcline - - quartz ( !. 
muscovite), it is to emphasize that leucosome does not show features of mag-
matic crystallization even in distinct injection minerals. Earlier this evidence 
allowed N. (I. S u cl o v i k o v (1937) to conclude that Hu; Belomorien complex 
of migmatites and granitoids had been formed in the course of regional gra-
nitizalion, related lo endogenous siliceous-alkaline solutions. Such a concept 
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principally agrees with the famous ideas of D. S. K o r z h i n s k i y [1952] about 
„through-magmatic solutions" releasing from the Earth interiors and result­
ing in the infiltration granitization of the crustal rocks. 

However, the ideas of sume authors about the crustal derivation of migma-
tite-granite associations by the interior mobilization of the granitoid mate­
rial during the ul t rametamorphic processes of the Belomorian volcano-sedi­
mentary series itself seems to be more preferable. 

Yet in the course of elaboration of the morphologic migmatite classification 
[ S h u r k i n , 1957) geologic-petrologic data were obtained that indicated 
to the existence of two genetic types — magmatic allochthonous and metaso-
matic autochthonous, among the migmatite-granites of the Belomorian com­
plex. 

Physico-chemical analysis of both types based on the experimental Ab — 
Or — Qu — H-,0 system after O. T u t t 1 e and N. B o w e n have shown that the 
first type migmatites inspite of the absence of the structures of magmatic 
crystallization clue to the autometasomatic reworking, are characterized by 
the anchieutectic normative mineral composition whereas the composition 
of the second type migmatites exhibits wide variations in terms of triple sys­
tem due to the above-eutectic content of quartz, plagioclase or microcline 
in most samples ( P o l k a n o v et al., 1963). Taking into consideration the 
possibilities of using normative quantitative mineralogie parameters as inde-
ces of phase relationships and thermodynamic conditions of the leucosome 
formation, several pair samples of leucosomes and melanosomes of allochtho­
nous and autochthonous granitoids of different age were collected by T. F. 
Zinger. The calculated CJPW norms were recalculated to coordinate of 4-com-
ponental system of Ab - - An — Or — Qu — H,0 with P to t = PH,O 0.5 — 3 
kbar (Fig.2).This system is developed by E. I. K r a v t z o v a (1974) on the 
basis of the synthesis of the experimental data on melting-crystallization of 
2—3 components systems and ra ther well reflects the compositions of real 
granitoids. The direction of the replacement (trend) of a point of the leuco­
some composition relevant to its pair meLanosome can give evidence on the 
genetic features of migmatites. A displacement of leucosome into the field of 
the ancheutectic compositions, i.e., according to the theoretically predicted 
or experimentally determined trend of melting from the given substratum 
of granitoid melt, provides strong evidence for physico-chemical control of 
the phase relationship in the system melanosome-leucosome. A deviation of 
the leucosome composition from the anchieutectic composition in such a 
pair suggests that this leucosome was not formed by the process of anatexis. 

Relict leucosomes in kyanite — garnet — biotite gneisses of the first me-
tamorphic stage in teared off crests of minor isoclinal fold are represented 
by the fine-grained quartz-feldspathic .and often by the garnet — and pyro­
xene-bearing material . In all cases the trend analysis of pair samples of such 
migmatites has not shown any anatectic pat tern in the change of their com­
positions. II suggests that these high aluminous rocks had not been subjected 
lo the selective anatexis at the granuli te facies metamorphism, and their 
leucosome lias boon formed as the result of the metamorphic differentiation 
Willi the confinement to crests of folds where relatively low pressure occurred 
in the course of deformations. 

Al I ho second stage the ul t rametamorphic processes under conditions of 
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amphibolite facies of higher pressure were most intensive troughout the Be-
lomorian gneisses. As is indicated by the structural analysis, the generation 
of ul trametagenic granitoids is recorded only since the formation of tight 
isoclinal folds. In addition, it was established that aluminous gneisses of 
cyanite — garnet — biotite composition had suffered recrystall ization with 
integration of grain during migmatization. The leucosome comprises 20 — 30 
per cent of rock volume and is predominantly represented by quartz-plagio-
clase material . In the intercalated amphibole -biotite gneisses the leucosome 
amount icreases up to 60 — 80 per cent and it commonly contains micro-
cline. Trend analysis of pair samples of migmatized aluminous gneisses has 
shown a dispersed pat tern of points of the leucosome composition and their 

Q U Qu 

Ab Qu Or Or (Ab) 

O 9 

An 

Fig. 2. The evolvent of the 4-component system Ab-An-Or-Q (FFO) Crystallization sur­
faces (1) and cotectic line (2) under Pn2o 0.5 kb; 3 and 4- accordingly under 3.0 kb; 
5 — M points under Pino from 0 to 3.0 kb; melanosome — leucosome (point): 6-mig-
matites of the non-anatectic [1 stage], 7 — also (2 stage), 8 — of the anatectic 

(3 stage); 9 — the field of the compositions 50 % out of 28 analysis. 
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inconsistency to the anatectic model of migmatite generation. At the same 
time, the normative leucosome compositions in garnet- and amphibole-bea-
ring gneisses demonstrate a compact concentration within the coordinates 
of anatectic melts. Thus, a direct dependence of intensity of ul trametagenetic 
granite- and migmatite-forming processes and genetic nature of these rocks 
upon composition of an original substratum is recognized. 

Finally, in the study of migmatite domains belonging to the third ultra-
metamorphic stage it was established that the maximum degree of migmati-
zation and autochthonous granite generation are confined to the zones of 
faults as well as to the crests of open folds of this deformation cycle, i.e. the 
processes of the ul trametagenic granite formation are locally controlled. The 
pair trend anlysis has indicated that in this case in aluminous gneisses the 
leucosome of the preceding stage had suffered isochemical recrystallization 
and sometimes selective melting, -and the leucosome of the biocite gneisses 
had been subjected to the rheomorphism having been separated as small 
masses of plagio-microcline granitoids of autochthonous and sometimes of 
allochthonous occurrence. 

On the diagram (Fig. 2) the points of normative composition for these 
granitoids form a cluster within cotectic coordinates close to those of the 
original substratum, i.e. it is the case of the complete diatexis. 

In conclusion it is necessary to emphasize that the trend physico-chemical 
analysis of the granite-migmati te associations has shown the following: 1. the 
dominance of Hie migmatite-forming processes of the non-anatectic nature, 
2. I he confinement of the anatekt i tegrani tes to the domains which exhibit 
the maximum development of the ul trametamorphic processes and 3. that the 
generation of the palingenic granitoid magmas within the Eaiuh crust under 
conditions of the amphibolite facies regional metamorphism is connected 
first of all with the diatexis of the earlier metasomatically migmatized rocks 
and gneisses originály closed in their composition to granitoids. 
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