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Paleogeodynamics

Altai collision system of Hercynides was formed in
Late Paleozoic as a result of oblique collision of Siberi-
an continent and Kazakhstan composed terrane [Via-
dimirov et al, 2003; 2008; Xiao et al, 2010]. At the late
stages of its evolution (time interval from 310-300 to
280-270 Ma) the huge different mafic and felsic mag-
matism occurred at the territory (Fig. 1) [Vladimirov et
al, 2008; Khromykh et al, 2011, 2013, 2014, 2016;
Kotler et al, 2015; Sokolova et al, 2016]. It is evident
about increased thermal gradient in lithosphere and
about significant role of mantle and active manifesta-
tion of mantle-crust interactions. Some magmatic com-
plexes may be considered as indicators of mantle-crust
interaction processes.

1. Gabbro-granite intrusions. Within the Char zone
(see Fig. 1) some intrusions with complicated structure
occur. The feature is diversity of composed rocks -

from olivine gabbro to leucogranites. In the studied
Preobrazhenka massif in many places the specific in-
teractions between mafic and felsic rocks were de-
scribed (Fig. 2). They could be classified as mingling-
relations (i.e. interaction of gabbro and granite magma
in un-solidified conditions). Executed detail petrologic
studies of rocks of Preobrazhenka intrusion [Khromykh
et al, 2017] show that all different rocks of the massif
may be divided into two groups: mafic (from olivine
gabbro to monzodiorites) and felsic (from Qtz monzo-
nites to leucogranites). They were produced during
differentiation of different parental magmas. Mafic
rocks were formed from parental trachy-basalt magma
in the course of its fractionation and contamination
by crust anatectic melts. Granitoid rocks were formed
as a result of melting of lower or middle-crust sub-
strates under thermal effect of mafic magma. Parental
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Fig. 2. Scheme of Preobrazhenka massif.

crop and scan image from the sample.

trachy-basalt magmas were formed from enriched
mantle substrates and then the under-crust chamber
of mafic magma was formed. During cooling of this
chamber and through olivine fractionation the compo-
sition of mafic magma changed from olivine gabbro to
monzogabbro.

The first intrusion of monzogabbro to lower-crust
levels excited the melting of metamorphic rocks and
appearance of anatectic melts. The interaction between
monzogabbro magma and granitoid anatectic melts
occurred at different levels. At the lower-crust
level this interaction led to reciprocal contamination

1 - host rocks (hornfels on sandstones and siltstones); 2 - monzonites and Qtz monzonites of 1st phase; 3 - monzogabbro of 2nd phase;
4 - granosyenites and granites of 3rd phase; 5 - monzodiorites of 4th phase; 6 - after-intrusion dykes of dolerites (a), granosyenite-
porphyres (b); aplites (c). The blue circles indicate the revealed manifestations of the mingling relationships between monzodiorites and
porphyritic granosyenites. Photos illustrate the relationships between igneous rocks. Above - nodules of monzodiorites (dark grey) and
porphyritic granosyenites (light grey) in granites of the 3rd phase. Below - contact of monzodiorites and porphyritic granosyenites, out-

of mafic and felsic magmas and manifestation of
Quartz-bearing monzogabbro and Quartz monzonites.
At the middle-crust level the reciprocal contamination
did not play a crucial role, so the mingling- relation
structures were formed. At the upper-crust level, after
the solidification of intrusion the mafic magmas did not
interact with granites and formed only some dykes.

2. Kalba-Narym granitoid batholith. This is one of
the largest granitoid batholithes in western past of
CAOB (see Fig. 1). It extends from NW to SE within Kal-
ba-Narym turbidite terrane that was formed as trench
along Rudny Altai - active margin of Siberian continent
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in Late Paleozoic. In last few years the new geochrono-
logical data were obtained [Kotler et al, 2015; Khro-
mykh et al, 2016]. They prove that the time interval of
formation main volume of Kalba-Narym granitoid
batholith is no more than 20 Ma (296-276 Ma). It's
formation may be divided into two stages: 1) Granodio-
rite-granite association with similar to S-type compo-
sition formed the main volume of batholith (296-
286 Ma); 2) Leucogranite-granite association with si-
milar to A-type composition formed some large inde-
pendent intrusions (284-276 Ma).

Analysis of mineralogy and composition of granitoids
from these two associations and composition of sedi-
mentary and metamorphic rocks and also experimental
data about melting of crustal protolithes allow to deter-
mine the sources and conditions of formation of grani-
toid magmas. It was determined that formation of gra-
nodiorite-granite association (similar to S-type granites)
resulted from melting of mixed metapelitic and meta-
basitic substrates. The formation of per-aluminous gra-
nitoids of leucogranite-granite association (similar to
A-type granites) resulted from melting of crustal me-
tapelitic substrates but only under introducing of HSF-
Elements and RE-Elements with juvenile fluids that
interacted with metamorphic rocks during its melting.

3. Rare-metal granitoid magmatism. The important
feature of Kalba-Narym zone is a wide spread of rare-
metal mineralization (Ta, Nb, Li, Be, Sn, W etc.) relating
with rare-metal granitic pegmatites. The facial analog
of rare-metal pegmatites are ongonites and rare-metal
granite-porphyres that compose two dyke belts -
Chechek and Akhmirovka (see Fig. 1). Study of miner-
alogical and geochemical features of dyke rocks [Khro-
mykh et al, 2014; Sokolova et al, 2016] allows to de-
termine that they were formed from highly enriched in
rare metal granitic melts. The formation of such rare-
metal granitic melts is supposed to occur during differ-
entiation of granitic chambers of Kalba-Narym batho-
lith under introducing of some juvenile fluids (enriched
in F, P,0s, rare metals, etc.). The under-crust reservoir
(of mafic magma probably) can be a source of these
juvenile fluids. Within the Kalba-Narym zone the mani-
festations of mafic magmatism are represented by
some dyke belts of Myrolyubovka complex that intru-
ded all granitoids. Dykes of Myrolyubovka complex are
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