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Age and geodynamics of the Irtysh shear zone
Purpose. Studying the age and structural relationships of the Irtysh shear zone with the Kalba-Narym zone, de-

termining the age and geodynamic position of crystalline rocks at high temperatures and moderate pressures of the 
Irtysh shear zone.

Methodology. Analysis of literature and stock materials; field research; sample preparation; carrying out isotope 
studies using SHRIMP-2 and LA-ICP-MS technology; determining small elements by the fusion method using ICP.

Findings. Detailed geological, petrographic and geochemical studies made it possible to identify three indepen-
dent metamorphic complexes of the Irtysh shear zone, to determine their age and to establish the geodynamic posi-
tion of the complexes of the Irtysh shear zone.

Originality. The age of the main magmatic and metamorphic complexes developed in the central part of the Irtysh 
shear zone has been determined; SHRIMP-II, LA-ICP-MS technologies of foreign laboratories have been used; by 
the results of new dating the geodynamics of the Irtysh shear zone has been corrected.

Practical value. From the standpoint of accretion tectonics, using up-to-date isotope dating methods, an attempt 
has been made to consider the geodynamics of crustal geoblocks (“terrains”) and to find continuation of ore levels and 
ore belts of some terrains in the other ones.

Keywords: isotope dating, geodynamic position, metamorphic rocks, granite-gneiss, schists, zircon, the Irtysh shear 
zone

Introduction. In understanding the geological geo-
dynamics and geodynamic position of the South-West 
(specifically Kalba-Narym) part of the terrain geologists 
have no principal discords today. As to the north-east 
part, which was distinguished by a lot of geologists as the 
Irtysh structural-formation zone (the Irtysh horst, the 
Irtysh Benioff zone), there is a number of unsolved 
problems and we will distinguish three of them: the first 
one is whether the Irtysh shear zone is a component of 
the unified Kalba-Narym terrain or an independent for-
mation; the second one concerns the age of the meta-
morphic rocks making about 85 % of the Irtysh shear 
zone; the third one is the age and the shear amplitude 
that separates the Irtysh shear zone from the Rudny 
Altai.

Analysis of the recent research and publications. In 
the hundred-year history of studying the Irtysh zone 
there can be identified four major time stages:

1925‒1958. Two models were developed and co-ex-
isted: the late Hercynian shear zone formed as a result of 
shear deformations in the Middle and Late Paleozoic 
rocks (Nekhoroshev) and the tectonic zone of the fault-
shear character, along which the crystalline rocks of the 
old basement were removed to the upper level (Yeliseyev).

1958‒1973. In these years the two models developed 
further (Ivankin, Kuzebny, Gavrilova, Khoreva, and 
others). In the first model massive molten dating of 
mica with potassium-argon method were cited, and the 
second included the ancient lead-isochronous dating of 
marbles in the composition of gneiss-shaly strata.

1975‒1997. Based on the uranium-lead dating of 
using discordant models, it became possible to deter-
mine the formation of zircon in the gneisses and mig-
matites, which fluctuated in the range of 1450‒1800 
million years, and the time of the last closing of the sys-
tem 462‒305 million years (Naydenov, Yermolov, Poly-
ansk, Bespayev, et al.). The youngest events in recent 
years are detailed in the work (Travin A. V., Pono-
marchuk V. A., Ponomareva A. P., et al.), in which there 
are two intervals: 276‒283 and 265‒272 million years, 
corresponding, in the authors’ opinion, to viscous-plas-
tic deformations arising during introducing the Kalba-
Narym batholith and complex ongonitic dikes crossing 
both batholith and the metamorphic complex of the 
Irtysh shear zone.

2005‒2013. In modern isotopic centers of Russia 
and China, it is the period of the use of methods of local 
isotope-geochronological dating. Within this period it 
became possible to establish for the first time the pres-
ence in the structure of the Irtysh shear zone of ancient 
metamorphic complexes as a result of the studies. In 
2007, in the Chinese part of the zone in the vicinity of 
the FuYun village there were revealed gneiss granites 
and tonalite gneisses of the Late-Ordovician age [1, 2]. 
A year later P. Yermolov published the data of the Cam-
brian age of the protolith metamorphic complexes in the 
middle and south-eastern parts of the Irtysh shear zone 
[3]. Moreover, it was found that the rocks were subjected 
to regional metamorphism in Ordovician and the late 
Silur and subsequent activation in the Perm. Massive 
megablocks of gneisses, such as Kurchumsky, did not 
experience such activation [3]. Later these data were 
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confirmed [4, 5]. The uranium-lead dating of the col-
lective [6] is mainly emphasized on the Middle Paleo-
zoic history of the Irtysh zone in the age range of 
338‒320 Ma.

Unsolved aspects of the problem. The problem of 
metamorphism for geology of the zone under consider-
ation is the key one and largely determines interpreta-
tion of the tectonic structure and development, the reg-
ularities of manifestation of magmatism and metalloge-
ny. Beginning with the earliest descriptions of metamor-
phic rocks in this zone and up to the present time their 
age and genesis are constantly debated. There are domi-
nant ideas about the dynamic-thermal transformation 
of enclosing rocks with participation of granitoids and 
gabbroids intrusions that have penetrated the shear 
zone.

The age of the rocks along which the crystalline 
schists formed in the Upper Paleozoic was first identi-
fied as the Cambrian-Silurian, but later they were bro-
ken up into several suites with the age from the middle 
Devonian to the Lower Carboniferous. Alongside with 
this, it was pointed out that the metamorphic rocks also 
belong to the protuberances of the ancient crystalline 
basement. On the basis of the new data obtained, as well 
as the analysis of previous materials, a number of con-
tradictions have been revealed that cannot be satisfacto-
rily explained from the standpoint of the young age of 
regional metamorphism. The main contradiction lies in 
the fact that the intrusions lying in the Irtysh zone have 
an early-stone age, and the metamorphic rocks are the 
Cambrian and Ordovician rocks. The introducing of the 
Kalba batholith occurred in the early Perm, when the 
Irtysh zone was completely formed.

In the understanding of the geology and geodynamic 
position of the southwest (actually Kalba-Narym) part 
of the terrain geologists have no principle discords to-
day. As for the northeastern part that was distinguished 
by many geologists earlier in the Irtysh structural and 
formational zone (the Irtysh horst, the Irtysh Benioff 
zone), there are unresolved problems, of which there are 
distinguished three main ones:

1) whether the Irtysh zone is an integral part of the 
single Kalba-Narym terrain or an independent terrain;

2) the age of metamorphic rocks composing about 
85 % of the Irtysh shear zone;

3) the age and the shear amplitude separating the 
Irtysh shear zone from the Rudny Altai.

Objectives of the article. Studying the age and struc-
tural relationships of the Irtysh shear zone with the Kal-
ba-Narym zone, determining the age and geodynamic 
position of crystalline rocks at high temperatures and 
moderate pressures of the Irtysh shear zone.

Description of methods for carrying out the study. In 
2014‒2015 for identifying zircon there were taken 
5 samples on the right and left banks of the Ulba River 
and 25 samples for determining the chemical composi-
tion and studying the rare earth mineralization. Pol-
ished sections and polishes were made of them. Sam-
pling points are shown in Fig. 1. For all the samples 
there were obtained the results of analyses using the 
SRIMP-2 technology (U/Pb age) on the microprobe 

JEOL-733 (mineral composition), the quantitative 
analysis for the REE by the fusion method with decod-
ing by the method of ICP-OES. Preparing polished sec-
tions, description and photographing were carried out 
on the equipment of the Zeiss Company.

Presentation of the main research and explanation of 
scientific results. According to geophysical data, the 
Irtysh shear zone (ISZ) is traced to the depth of more 
than 100 km as a steeply falling structure. The total out-
stretch of the zone is 285‒320°, the width is 10‒50 km. 
The shear zone was formed in connection with the long 
tectonic life of the Irtysh deep seam of the sub-crust de-
posit, the main disjunctivities of which are the Irtysh 
and Kalba-Narymsky faults. The general structure of 
the ISZ is a stepwise asymmetric linear horst-anticlino-
rium in the Axis subzone with differently constructed 
North-Eastern and South-West subzones, Fig. 2.

The tectonic position of the Irtysh zone is not unam-
biguously assessed. V. P. Nekhoroshev distinguished two 
structural-facies zones in the region: the Rudny Altai and 
Kalba-Narym, and the Irtysh shear zone in the latter. In 
the 60‒70-s of the last century the team of geologists of 
the IGS n.a. K. I. Satpayev and the Altai geological survey 
expedition identified it on the principles of the geosyncli-
nal concept as an independent structural-facies zone.

The new concept of plate tectonic that became wide-
spread in Kazakhstan since the end of the 20th century, 
gave a fundamentally different explanation of the gene-
sis of the former structural-facies zones and operated 
geoblocks of the earth crust that received the name of 
terrains. From the standpoint of plate tectonics, only the 
Rudny Altai and Kalba-Narym geoblocks can serve as 
independent terrains, and the Irtysh crush zone that, on 
the whole, has a scaly structure, is a collection of many 
small, uneven-aged blocks assembled into a structure of 
the tectonic horst type due to accretion (conglomera-
tion). Metasediment rocks strictly predominate in the 
Irtysh shear zone, therefore its belonging to the Kalba-
Narym terrain that is also composed of pre-material 
sedimentary rocks, becomes more correct than belong-
ing to the Rudny Altai terrain.

The ISZ position in geological structures of the re-
gion is shown in Fig. 2. In the northeast it is limited by 
the Main Irtysh fault, which is manifested in the form of 
a clear tectonic seam. In the south-west the border of 
the Kalba-Narym terrain goes along the Terektinsky 
fault, which in most of the territory is blocked by early 
Carboniferous sediments, but clearly expressed as the 
edge of the Kalbin batholith.

In the structure of the Irtysh zone there dominate 
metamorphic complexes of high and moderate pressures 
in the range of temperature facies from the lower green-
schist to high-temperature amphibolite with the signs of 
presence of relic parageneses of the granulite facies in the 
latter. These metamorphic complexes have an age range 
from the Precambrian to the Devon and their share in 
the structure of the Irtysh zone reaches 90‒95 %.

In the ISZ structure three real-structural complexes 
are distinguished (Fig. 1, b): the first one is the complex 
of high temperatures and low pressures; the second one 
is the complex of high pressures and moderate tempera-
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tures and the third one is the greenschist complex whose 
separate members have signs of low and high pressures. 
The first complex is traced along the northeastern flank 
of the zone throughout its extent, the second one is 
characteristic only of the northwestern part of the zone, 
and the third one is formed by the first two from the 
northeast and from the southwest along the boundaries 
of the Irtysh zone with the Rudny Altai and Kalba-
Narym zones, respectively.

The first complex is represented by gneisses, migma-
tite-gneisses, and low-pressure crystalline schists. In 
deformed rocks, massive inclusions, as a rule, granites 
and granite-gneisses of different composition, have the 
form of oblong boulders (boudins). Their dimensions 
vary from several meters to centimeters and even to mil-
limeters. The matrix is represented by biotite (domi-
nant), quartz, feldspar and granite.

The main mineral paragenesis of migmatites in-
cludes biotite (Fe/Fe + Mg = 0.57), feldspars, quartz, 
sillimanite and granite (Alm0.62–0.66; Py0.26–0.31; 

Spess3.03–0/04; Gross0.03–0.04). The accessory minerals are 
represented by fibrolite, andalusite, and staurolite (Ng = 
= 1.748, Np = 1.735), which indicates a partial secondary 
diaphthosis of these rocks under conditions of low-tem-
perature steps in the amphibolite facies of metamor-
phism. At the same time, there are traces of the rock stay 
under conditions of high temperatures. The basis for this 
conclusion was granite, in which the pyrope content 
varied from 26 to 31 % according to the data of many 
microprobe analyses. The upper limit of the pyrope 
content in granite of the amphibolite facies is in the 
range of 16‒18 %, while the higher pyrope content is 
indicative of either conditions of granulite facies or sep-
aration from magmatic melt (P. V. Yermolov, A. E. Isoh, 
A. G. Vladimirov). Wide presence of granite with a high 
pyrope and zircon content of magmatic appearance in 
the gneisses studied has become the basis for classifying 
migmatite-gneisses as orthogneisses.

Plagioclase-diopside crystalline schists in the original 
undisturbed form are well naked in the south-west out-

Fig. 1. Geological structure of the right and left banks of the Ulba River:
a ‒ the geological structure of the left bank of the Ulba River: 1 ‒ undeformed migmatite-gneisses  Є2‒О3; 2 ‒ the same, plagio-
clase-diopside crystalline schists   Є2‒О3; 3 ‒ intra-layer migmatite-granites of problematic age; 4 ‒ deformed and repeatedly 
boudinaged migmatite-gneisses; 5 ‒ granite-cordierite gneisses Рz3; 6 ‒ greenschist complex Рz2(?); 7 ‒ gneiss granites D3; 8 ‒ 
dikes of the N‒W orientation of early Carbon; 9 ‒ the same, sublatitude orientation; 10 ‒ granites presumably Р1 ; 11 ‒ peridotite-
gabbro Talovskiy massif S1; 12 ‒ apogreenschist contact hornfels of the Talovsky massif; 13 ‒ tectonic boundaries; 14 ‒ the pro-
posed boundary of the Rudny Altai and the Irtysh shear zone; 15 ‒ rivers, streams; 16 ‒ important sampling points and samples 
mentioned in the text; b ‒ the geological structure of the right bank of the Ulba River: 1 ‒ undeformed migmatite-gneisses  Є2‒
О3; 2 ‒ the same, plagioclase-diopside crystalline schists Є2‒О3; 3 ‒ intra-layer migmatite-granites of problematic age; 4 ‒ re-
peatedly deformed migmatite-gneisses, presumably D3‒Р1; 5 ‒ flat crystalline schists of high pressures О3; 6 ‒ gneiss-granites  Є2-
О1; 7 ‒ staurolite crystalline schists of unknown age; 8 ‒ faults; 9 ‒ boundaries of the zone of repeatedly deformed migmatite 
gneisses (4); 10 ‒ rivers and streams

a b
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skirts of Sogra village, where they form a monoclinically 
overlaying stratum. The occurrence of rocks as a whole is 
monoclinic. In-situ low-amplitude planar folds are char-
acteristic. Stretching of the strata as a whole is north-west, 
the dip is steep, 80‒90 degrees, mainly to the south-west.

The second complex of flattened shales and high-
pressure gneiss granites in the high-pressure metamor-
phic complex of the ISZ is mainly represented by sili-
ceous-aluminous planar schists and granite-gneisses 
with characteristic paragenesis of granite + kyanite and 
monacyt + kyanite. They form a tectonic block. In the 
north, the block is covered by loose sediments, in the 
south it is bounded by a fault of the northeastern direc-
tion, lying under the river bed of the Ulba. On the left 
bank of this river there are no traces of the Sheep block, 
and the greenschist complex is widely developed there.

The basis of the third greenschist complex is calcare-
ous albit-zpidot-actinolite crystalline schists; biotite and 
muscovite-chlorite crystalline schists have a subordinate 
distribution. The conditions of metamorphism corre-
spond to the medium- and high-temperature subfacies 
of greenschist facies. The presence of garnet in some 
green shales suggests that some of their diafluorites are 
from more deeply metamorphosed crystalline schists.

The age of the rocks of the greenschist complex in 
most of the territory under consideration dates from the 
Middle Devonian on the basis of collections of fauna in 
limestones and the data of spore-pollen analysis in green 
shales. On the right bank of the Ulba River in the scales 

of green shales there were identified spore-pollen com-
plexes С3–P1, and in green shales directly southeast of 
the territory under consideration, M. S. Kozlov found 
the Silurian fauna. In the scales of green shales on the 
right bank of the Ulba River located tectonically on the 
unmetamorphosed rocks of the Upper Paleozoic and 
characterized by the spore-pollen complex С3–P1 the 
Devonian microphytolites (the data of M. F. Mikunov) 
were also found. It is not improbable that its composi-
tion includes also the Lower Paleozoic formations.

The history of the development of the Irtysh shear 
zone in its studied segment has lasted more than 500 mil-
lion years from the late Cambrian to the present. The 
Gneiss complex in this history is the most ancient. It 
consists of two layers: migmatite-gneiss and plagioclase-
diopside. The first one contains orthomagmatic migma-
tites (Fig. 1, b), which were formed from the silt diorites 
or dacites (Fig. 3, point 59). One of the bodies breaks 
through the diopside-plagioclase sequence, in which 
there are fully open contacts with the intrusive contact 
between the gneiss-migmatites and the diopside-plagio-
clase strata. Another feature has been established: zircon 
in morphology, age and composition in these rocks is the 
same, which allows considering these two strata as com-
ponents of a single volcanic series in which diopside-
plagioclase crystalline schists in the original form were 
calcareous tuffs and tuffites (Fig. 3, Zavaritsky). At point 
59 migmatites are densely saturated with granite, the 
composition of which (the content of the pyrope compo-
nent is 29‒31 %) leads to magmatic temperatures of 
850‒900 °C [5], which agrees with the geological data.

The age of the gneiss complex is determined by the 
two concordias shown in Fig. 4.

Two centers with the ages of 506 and 505 million years 
corresponding to the formation time of the complex, and 
two centers with the ages of 463 and 422 million years 
corresponding to the metamorphic transformation time 
of the primary rocks, are distinguished on it. Two young 
centers with an age of 297 and 294 million years show the 
time of transformation of zircons during the Perm activa-
tion of the Irtysh zone. The period of time from meta-
morphism and approximately to the late Devon is a pe-
riod of manifestation of viscous plastic deformations. 

Fig. 2. Geological map of the Irtysh shear zone central part:
1‒5 – the Rudny Altai structures: 1 ‒ crystalline base of 
the Rudny Altai; 2 ‒ Devonian structural floor; 3 ‒ Car-
boniferous structural floor; 4 ‒ granitoids of medium-late 
Carboniferous, undivided; 5 ‒ late Paleozoic (С3‒Р1); 6 ‒ 
Gremyachensky allochthon Рz1‒С3; 7‒8 ‒ structures of 
the Kalba-Narym terrain: 7 ‒ coal sedimentary basin; 8 ‒ 
Kalbin batholith; 9‒10 ‒ structures of the Irtysh shear 
zone: 9 ‒ crystalline schists and gneisses Є2‒О3;  10 ‒ 
greenschist complex Рz2(?); 11 ‒ area of the Irtysh shear 
zone studied in detail

Fig. 3. Gneiss-migmatite (59) and diopside-plagioclase 
(75) rocks position in the Zavaritsky diagram (dark-
grey background: the position of magmatic rock series)
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The greenschist complex developed in the same mode, 
judging by the abundance of loamy structures. The 
Talovsky massif of gabbroids, which breaks it and is of an 
Early Carboniferous age, has very weak signs of deforma-
tion, indicating a large gap in time between the deforma-
tion of green shale and Early Carboniferous gabbroids

Similar flattened deformation structures are also 
characteristic of the low-temperature complex of high 
pressures, but the upper age boundary is not defined in 
it. All three complexes are combined into an accretion-
ary package that was formed towards the end of the 
Devon or some time earlier. We consider the upper age 
boundary to be the intrusion of the Talovsky Massif and 
the bunch of northeastern dikes. This age, determined 
by four concordias (Fig. 5), corresponds to the early 
Carbonus 346‒356 million years. In the time following, 
there dominated fragile-plastic (boudinage) and brittle 
(breccia) deformations in connection with left-sided 
and right-sided shear motions.

Conclusions and recommendations for further re-
search.

1. The detailed geological, petrographic, and geo-
chemical studies have made it possible to distinguish 
three independent metamorphic complexes: the one of 
high temperatures and moderate pressures (gneisses, 

migmatite gneisses, plagioclase-diopside crystalline 
schists), the one of low temperatures and high pressures 
(granite-kyanite planar schists and gneisses), and gneiss-
es in which the facies of moderate pressures (layered 
shales) and high pressures (planar schists) are combined. 
Based on the five author’s U–Pb dating, the ages have 
been established: the first late Cambrian complex is the 
late Silur, the second one is the late Cambrian-Middle 
Ordovician. The Silurian age of the greenschist complex 
was established by previous researchers in the fauna.

2. The three above-mentioned complexes form an 
accretionary package of allochthonous integuments. 
The combination of this fact plus evidence of their early 
Paleozoic age made it possible to reject the previous 
model (Sengör, A. M. C., et al.) also of the accretionary 
origin, but of the Permian age, as well as the model of the 
autochthonous origin of the metamorphic complex 
(Travin A. V., Ponomarchuk V. A., Ponomareva A. P., et 
al.), formed by the Middle Paleozoic rocks due to colli-
sion processes in the Perm [7] (Melnikov A., et al.,). 
Based on the U–Pb dating of dikes in the northeast 
strike crossing the gneiss-metamorphic complex, and 
the geological data of introducing the Talovsky Early 
Carboniferous massif into previously deformed green 
shales, we believe that accretion processes and formation 

Fig. 4. High temperatures and mediate pressures crystalline rocks age in the Irtysh shear zone:
59 – orthomigmatite; 75 – plagioclase-diopside crystalline shale
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of the Irtysh shear zone occurred in the late Silur – late 
Devon period. Subsequently, isotope dating indicates 
the activity in the Irtysh zone in early and late Perm, in 
Triassic and even in Yura, but these were exclusively 
shear deformations of the left- and right-sided plans.
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Мета. Вивчення вікових і структурних співвід-
ношень Іртишської зони зминання з Калба-На-
римською зоною, визначення віку й геодинамічної 
позиції кристалічних порід високих температур і 
помірних тисків Іртишської зони зминання.

Методика. Аналіз літературних і фондових мате-
ріалів; проведення польових досліджень; пробопід-
готовка; виконання ізотопних досліджень за техно-
логією SHRIMP-2 і LA-ICP-MS; визначення малих 
елементів методом сплавлення з використанням ICP.

Результати. Детальні геологічні, петрографічні й 
геохімічні дослідження дозволили виділити три са-
мостійних метаморфічних комплекси Іртишської 
зони зминання, визначити їх вік і встановити гео-
динамічну позицію комплексів, що складають Ір-
тишську зону зминання.

Наукова новизна. Визначено вік найголовніших 
магматичних і метаморфічних комплексів, що роз-
винуті на центральній частині Іртишської зони 

зминання; використані технології SHRIMP-II, LA-
ICP-MS зарубіжних лабораторій; на результатах 
нових датувань скоригована геодинаміка Іртиш-
ської зони зминання.

Практична значимість. Із позицій аккреційної 
тектоніки, з використанням сучасних методів ізо-
топного датування, здійснюється спроба розгляну-
ти геодинаміку геоблоків кори („террейнів“) і зна-
йти продовження рудних рівнів і рудних поясів од-
них террейнів в інших.

Ключові слова: ізотопне датування, геодинамічна 
позиція, метаморфічні породи, граніто-гнейси, слан-
ці, циркон, Іртишська зона зминання
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Цель. Изучение возрастных и структурных соот-
ношений Иртышской зоны смятия с Калба-На-
рымской зоной, определение возраста и геодина-
мической позиции кристаллических пород высо-
ких температур и умеренных давлений Иртышской 
зоны смятия.

Методика. Анализ литературных и фондовых 
материалов; проведение полевых исследований; 
пробоподготовка; выполнение изотопных исследо-
ваний по технологии SHRIMP-2 и LA-ICP-MS; 
определение малых элементов методом сплавления 
с использованием ICP.

Результаты. Детальные геологические, петрогра-
фические и геохимические исследования позволили 
выделить три самостоятельных метаморфических 
комплекса Иртышской зоны смятия, определить их 
возраст и установить геодинамическую позицию 
комплексов, слагающих Иртышскую зону смятия.

Научная новизна. Определен возраст главней-
ших магматических и метаморфических комплек-
сов, развитых на центральной части Иртышской 
зоны смятия; использованы технологии SHRIMP-
II, LA-ICP-MS зарубежных лабораторий; на ре-
зультатах новых датировок скорректирована геоди-
намика Иртышской зоны смятия.

Практическая значимость. С позиций аккреци-
онной тектоники, с использованием современных 
методов изотопного датирования, предпринимает-
ся попытка рассмотреть геодинамику геоблоков 
коры („террейнов“) и найти продолжение рудных 
уровней и рудных поясов одних террейнов в дру-
гих.

Ключевые слова: изотопная датировка, геодина-
мическая позиция, метаморфические породы, грани-
то-гнейсы, сланцы, циркон, Иртышская зона смятия
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