GEOLOGY

UDC 551.24(574)

Y.V.Ponomareva,
orcid.org/0000-0003-1322-6773,
M. V. Ponomareva,
orcid.org/0000-0001-8652-9607,
A.V. Sadchikov,
orcid.org/0000-0002-6022-2073,
N.V.Zhelayeva,
orcid.org/0000-0003-3572-3578

https://doi.org/10.33271/nvngu/2021-4/005

Karaganda Technical University, Karaganda, the Republic of
Kazakhstan, e-mail: evmussinal992@gmail.com

A MODEL OF THE TECTONIC DEVELOPMENT OF IRTYSH SHEAR ZONE
IN TERMS OF PRESENT DAY RADIOISOTOPE DATA

Purpose. To present the model of tectonic development of the Irtysh shear zone, based on recent uranium-lead dating for

zircon.

Methodology. The authors analyzed the results of studies of foreign and domestic scientists, conducted field research, sample
preparation, carried out iso-tope studies using SHRIMP-2 and LA-ICP-MS technology; determined small elements by the fusion

method using ICP.

Findings. Based on more than ten uranium-lead dating for zircon using the local method and the given geological and struc-
tural data, model of the Irtysh shear zone tectonic development has been proposed

Originality. A tectonic model has been developed and the age and structural relationships of the Irtysh shear zone with the
Kalba-Narym zone based on uranium-lead zircon dating have been established.

Practical value. The article considers the structural and age relationships of the Irtysh crush zone which prove its formation
along the deep Irtysh fault in the course of a long multi-stage tectogenesis.
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Introduction. The Irtysh shear zone (ISZ) divides the
structures of the Rudno-Altai and Irtysh-Zaisan fold systems.
It was formed along the deep Irtysh fault in the course of a long
multi-stage tectogenesis. In the present day structure, the
zone is a narrow linear block with the width of 15 to 30 km. Its
central part is composed of crystalline schists of high meta-
morphism including bodies of gabbro-diabases, plagiogran-
ites, gneiss granites, anatectic and injection-metasomatic
granitoids, along the periphery green shales. Along the Irtysh
deep fault, there are boils and lenses of serpentinites of antho-
phyllite shales, amphibolites, basalts, diabases metamor-
phosed under the conditions of the greenschist facies that are
fragments of the ophiolite complex.

Studying the ISZ was began in the 1930-s and with inter-
ruptions has been continued to the present day. At the same
time, despite the relatively high degree of geological study, a
lot of questions relating to its structure, geodynamics, meta-
morphism, deformations remain insufficiently studied and de-
batable.

The purpose of the work is to study the model of tectonic
development of the Irtysh shear zone.

In the period of 1998—2012 a group of scientists of the Si-
berian Branch of the Russian Academy of Sciences together
with foreign colleagues [1] attempted to clarify the time and
significance of visco-plastic deformations for the evolution of
the Kazakhstan part of the Irtysh shear zone (ISZ). The meth-
ods of investigation included: structural field studies and iso-
tope laboratory analyses including U-Pb-7 dating by “wet”
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classical methods; Ar/Ar-7 dating; Rb/Sr-1 isochron and Sm/
Nd-4 dating by isotope-geochemical method with determin-
ing the model age. Based on the late Paleozoic argon-argon
and uranium-lead dating, the authors distinguished two stages
of metamorphism (282 + 1 mln years and 265 + 2 million
years) within the framework of the structure. The geodynam-
ics of metamorphism was explained by visco-plastic deforma-
tions and many-kilometer shear components. At the same
time, E.I. Patalaha, et al. (1985) showed that even under the
conditions of the tenth tectonofacies, the “flowing quartz”
could appear without a sign temperature gradient, and it is not
possible to detect metamorphic rocks above the greenschist fa-
cies in such shear seams [2].

Surreptitiously, as a temperature gradient, the authors had
in mind the presence of the gabbro-ultrabasite belt in the com-
position of the ISZ, since there was simply no other explana-
tion. However, even then the Irtysh intrusive complex was
considered to be early Carboniferous in connection with the
presence of pebbles of some rocks of the complex in the sedi-
ments of the Katoy suite of the middle section of the Carbon-
iferous system.

The discrepancies in this model appeared later, when
teams of authors (Briggs S. M., Yin A., Manning C.E.) and
(Yermolov P. V., Polyansky N. V.) published new (Caledonian)
dates of U-Pb by the local method: the Cambrian for the mi-
gratite-gneisses of Sogra and the Kurchum megablock; the
Ordovician for tonalite-gneiss in the vicinity of Fu-Yun, Chi-
na; late Ordovician for the distal shale on the left bank of the
Sheep Stream. After these publications it became clear that the
two stages of the Permian metamorphism were nothing but the
latest history of the zone development, while the ancient

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2021, N° 4 5



TMOM)=1.28Ga

Methods of isotope studies
324+4(U/Pb) 286+5 (Ar-Ar) 260+5 (Rb/St) T(DM)=0.96-1.02G a(Sm/Nd)

Fig. 1. 1998—2012 dating [1] in the ISZ and methods for ob-
taining them:
1 — the Devonian structural floor; 2 — the Kalbin batholite; 3 —
the Irtysh complex; 4 — the Carboniferous sedimentary pool; 5 —
the greenschist complex Pz,(?); 6 — the late Paleozoic (C5-P))

(Caledonian) history of the ISZ was not established by the
aforementioned authors. Then two Permian stages of meta-
morphism were not a novelty because shortly before this,
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Fig. 2. Examples of visco-plastic deformations:

E. G. Konnikov had summed up about 700 K-Ar dating for the
ISZ, and the average age of the ISZ rocks was the early Perm-
ian, which only confirmed the conviction that the Permian
metamorphism of the zone was connected with the introduc-
tion of the Kalbin batholite. In the opinion of the abovemen-
tioned authors, the value of their studies was that two meta-
morphic stages accounted for left-handed global shift disloca-
tions along the 1500 km zone, [3] which made the zone a very
valid argument for explaining a lot of problematic issues in the
evolution of the Central Asian fold belt. However, later one of
the authors of this team (A. V. Travin, 2016) refused the idea of
global displacement amplitudes within the ISZ estimating
them by 2—3 orders of magnitude less than previously attrib-
uted to the amplitudes (see materials of the Third Conference
“Correlation ...”, 2016).

In 2015 B. A. Natalyin convincingly demonstrated the ex-
istence of right-side shear deformations on the real outcrops in
the ISZ. After that it became clear that while only left-sided
deformations had been evaluated and right-sided ones had not
been studied, it is premature to argue of the scale of displace-
ments in the [SZ.

Ancient (Caledonian) history of tectonic evolution of the
zone was clarified later after works [3]. It became clear that the
Irtysh zone was originally formed in the Cambrian-Ordovi-
cian as a result of the collision of the Kazakhstan and Siberian
plates under the conditions of compression and piling up of
metamorphic lithoplasts in the form of a central axial horst to
which other rocks joined along the accretionary mechanism
including a large group of green shales. Examples of ductile
(visco-plastic) folded complexes are shown in Fig. 2.

MSWD = 0.64
02 04 06 08

2.1 in-layer plicated folding; 2.2 orthogneiss-migmatite; 2.3 plicated folding in two-mica (tkyanite) granite-gneisses; 2.4 plicated folding in the

shale of the greenschist complex
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Early Paleozoic dating has shown that the metamorphism
of the Irtysh zone is basically not local but regional, and being
a regional metamorphism in general, it is associated with the
endogenous energy of the Earth mantle in the form of convec-
tive and plume processes, but manifested not in the narrowly
local Irtysh zone, but in general under the Zaisan paleoocean.
In the Irtysh zone the Early Paleozoic metamorphic complex-
es (lithoplates) appeared in connection with accretion pro-
cesses and are allochthonous. It can be assumed that the lay-
ing of the central metamorphic skeleton of the ISZ occurred in
the Cambrian-Silurian, as it is indirectly indicated by the fig-
ures defined above as diaphthoresis, which does not exclude
either one or the other.

Studying transitional plastic-brittle deformations. There are
preserved macro-structures, but the infrastructure is partially
or completely destroyed. In layers rich in mica, structures like
boudinage or sausage are dominating (Fig. 3). The time inter-
val separating the transient strains from plastic deformations
has not been defined. Perhaps, it coincides with one of the pe-
riods indicated above the stages of diaphthoresis [4].

Studying brittle deformations and early collision. Early colli-
sion processes were manifested in the ISZ in the form of em-
bedding dikes and small bodies oriented in the north and
north-east directions. Small-amplitude shifts took place on
them that led to forming ladder type dikes against the back-
ground of the former general north-western orientation. Some
of them are shown in Fig. 4.

Fig. 4.1 shows the complex adamellite body (sample 94)
dissecting the ancient metamorphic complex including mig-
matite-gneisses and plagioclase-diopside crystalline schists.

Foot of slope
4
B [x<]2 3 [54 L
1. adamellites

2. plagiogranites in plagioclase-diopside crystalline shales
3. crystalline shales
4. gneiss-migmatites

44,

Fig. 3. Rocks at the stage of transient plastic-brittle deformations

In Fig. 4.2, there are two dikes dissecting the Early Paleo-
zoic metamorphic complex. Of these there were selected sam-
ples for isotopy 163-1 (tonalite) and 163-2 (fine-grained ap-
lite-like granite).

In Fig. 4.3, there is submeridional dike tonalite (sample
166) crossing the Early Paleozoic migmatite gneisses.

In Fig. 4.4, there is a table of dating for zircons from dikes
and small bodies in the samples. The green shadow strip is the
average duration of the appearance of fragile deformations and

1. pink aplite dike
2. tonalite dike
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Fig. 4. Examples of ladder type dikes

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2021, N° 4 7



early collisions, the ranges of dating at local zircon points from
the above samples, the data from the dike in the area of the
Maraldy settlement on the right bank of the Kurchum river
(test 56) and the dating by M. Kuibid from the plagiogranites
of the Sary-Tau massif in the ISZ Kurchum block [5].

The granite-gneiss Chechek dome is a tectonic block in
the ISZ bounded from the north-east and south-west by faults.
From the east the block of granite gneisses is bounded by the
“sickle-shaped” Surovsky massif of the gabbroids of the Irtysh
complex. In the papers dealing with the ISZ much attention is
paid to the Chechek gneiss dome (Fig. 5). Below there is given
our version that, in a lot of respects, does not coincide with the
other versions [6].

The entire dome is lined with fissures of contraction,
which are usually observed in cooled granite massifs and are
called cracks of separation or shrinkage cracks. The cracks
mapping showed that in the center of the lithoplate the sepa-
rate beds are either subhorizontal or very hollow. In the north-
western part of the dome both cracks and lithoplate joints are
submerged at the angle of 25—30° under the south-western
edge of the Irtysh fault and under the Surovsky massif.

The entire core obtained by drilling the Talovsky (Sur-
ovsky) massif in four wells (in the process of searching for
copper-nickel ores), at the request of the district geologist
E. M. Yurchenko was documented and described by P.V. Yer-
molov. All the wells in the south-western endocontact of the
Surovsky massif, under gabbroids, in different areas were ex-
posed by shales of Takyr (Ds;-C,tk) and Kystav-Kurchum
(Dskk) suites. Therefore, all the claims that the gneisses were
located above the Surovsky massif and were genetically formed
under the thermal impact of the Surovsky massif do not cor-
respond to reality. Rather, the Surovsky massif together with
the hornfels exocontact zone was tectonically pushed onto the
Chechek dome that at the time (375 + 2 Ma) had already ex-
isted. It is also not confirmed that the “chechekchits” belong
to the amphibolite facies of metamorphism [7].

Back in the 80-s of the last century P.V.Yermolov wrote:
1) biotite and muscovite are abundantly present in the
“chechekchits” in the absence of potassium feldspar, which is
a sign of the greenschist facies of metamorphism (decomposi-
tion of biotite and formation of potassium spar is the lower
boundary of the amphibolite facies); 2) granite in “chechek-
chits” is universally represented by the low-temperature al-
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Fig. 5. A fragment of the Chechek gneiss dome on the left bank
of the Irtysh river:

1 — undeformed granite; 2 - the Surovsky gabbro-peridotite massif;
3 — the green shale complex S,, in the south-west exocontact trans-
Jformed into plicated hornfels; 4 — contraction cracks in gneisses;
5 — dikes of quartz-feldspar granite-porphyries; 6 — the boundary
south-western Irtysh fracture; 7 — direction and angle of incidence
of contraction cracks

mandine-spessartine phase, and in granite the content of the
pyrope molecule is 2—3 %, which is also a sign of greenschist
facies. In metamorphic rocks of the amphibolite facies, the
pyrope content in granite is in principle determined by the me-
dium and the crystallization temperature, usually about 10 %,
and reaches 16—18 %; 3) the Chechek gneiss massif is a pro-
trusive dome whose roots go to the gneiss basement of the
Kalba-Narym zone and are not directly connected with the
ISZ.

Results. Based on more than ten uranium-lead dating for
|8] zircon using the local method and the given geological and
structural data, the following model of the ISZ tectonic devel-
opment has been proposed:

1. Formation in the Paleo-Zaisan oceanic basin in the rift-
type trough that divides the axial horst structure of the Ka-
zakhstan and the Siberian continents, which consists of al-
lochthonous metamorphic plates of the amphibolite-granulite
complex of the oceanic basement. Its age is the early Cambri-
an — the average Ordovician.

2. Framing the horst by the same metamorphic plates of
the greenschist complex of heterogeneous origin. The mode is
compression of the north-north-east direction, manifestation
of plicated folding in slightly diagenetic sandy-tuff-schist
rocks. The age is the Silurian-Early Devonian.

3. After relative consolidation of the axial horst structure
under the conditions of continuing compression of SW-NE,
transient plastic-brittle deformations took place in it that
strengthened its consolidation.

4. The next stage of brittle deformations led to forming a
network of discontinuous deformations and manifestation of
discordant shifts in the directions: N-S; SW-NW, SSE-NNW,
NW-SE, which were later filled with dikes and small bodies
having similar orientation. The discordant dikes and small
bodies in the Chinese part of the structure (in Fu-Yun) have
the same orientation as in the north-western Kazakhstan part
ofthe ISZ. A great variety of such shear deformations indicates
their connection with differentiated movements of the founda-
tion blocks in conditions of the entire region rising on the
whole. This phase of tectonic evolution is associated with an
early collision. It can be stated that early-collision processes in
the ISZ took place in the range of 346—360 million years, i.e.
in the late Devonian-Early Carboniferous.

5. After the appearance of early-collision deformations, the
ISZ and the Kalba-Narym zone acted as a single structure
(Fig. 5). In the Figure it is evident that [9] in the Chechek gran-
ite-gneiss dome two dating were obtained: 375 + 2 Ma close to
the range of 346—360 Ma, and 281 + 4 Ma for the final colli-
sion. The same age (282 + 2 Ma) was obtained for zircons from
discordant dikes that cut through the unified East-Kalbinsky
zone (Fig. 5) in whose structure the ISZ is included [10].
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Mogenb TeKTOHIYHOrO0 PO3BUTKY IpTHIICHKOI
30HM 3MHUHAHHS 3 YPAXYBAHHSIM CYYACHUX
Pamioi30TONMHUX JAHUX

K. B. [lonomapwvosa, M. B. I[lonomapwvosa, A. B. Caoduixos,
H. B. XKenaesa

KaparannuHcbkuii TexHiuHUi yHiBepcuteT, M. Kaparanna,
Pecny6nika Kazaxcran, e-mail: evmussinal992@gmail.com

Meta. Hanat Mozenb TEKTOHIYHOTO PO3BUTKY IpTuii-
CbKOI 30HM 3MMHAHHSI Ha MiICTaBi CydyaCHUX pai0i30TOMHUX
TOCTiIKEHb LIUPKOHY.

MeTtoauka. ABTOpaMU IIPOBEICHO aHaJli3 pe3y/IbTaTiB 10-
CHiKeHb 3apyOiXKHUX i BITYM3HSIHUX YYEHMX, 3IiliCHEHE
MPOBEICHHS TOJBOBUX MOCIIIKEHb, MPOOO MiATOTOBKA, BU-
KOHAHHSI 130TOMHUX A0CTiIKeHb 3a TexHoJorielo SHRIMP-2
i LA-ICP-MS, Bu3HaueHHSI MaJUX €JEMEHTIB METOIOM
CIIaBfeHHs 3 BUKopuctanusam ICP.

Pe3yabraTtn. Ha 0CHOBI OUIbIII HiX AECATH ypaH-CBUHIIE-
BUX JAaTyBaHb MO LMPKOHY JIOKAJIbHUM METOJIOM i HABEAECHUX
TE€OJIOTIYHUX i CTPYKTYPHUX JaHUX aBTOpaMu Oyiia 3ampormno-
HOBaHa MOJe/ib TEKTOHIYHOTO PO3BUTKY IpTUIICHKOI 30HU
3MUHAHHSL.

HaykoBa HoBM3HAa. Po3poOjieHa TEeKTOHiYHA MOIENb i
BCTaHOBJIEHI BIKOBI Ta CTPYKTYpPHi CIiBBigAHOLIEeHHS [pTrII-
cbKoi 30HM 3MMHaHHSI 3 Kaynba-Hapumcbkolo 30HOI0 Ha
OCHOBI ypaH-CBUHIIEBUX JATyBaHb MO LINPKOHY.

IIpakTuyna 3HAYUMICTb. PO3IISIHYTI CTPYKTYpPHI i1 BiKOBi
CHiBBIAHOIIEHHS IpPTUIICHKOI 30HUM 3MUHAHHS, 110 TiI-
TBEPKYIOTh 1i (hOPMYyBaHHSI B3AOBX MIMOMHHOrO IpTuUII-
CBKOTO PO3JIOMY Y TIPOLIECi TPUBAJIOTO OAraTOETAITHOTO TeK-
TOTeHE3Y.

KimouoBi cioBa: xpucmaniuni caanyi, ogionimosuii komn-
AeKc, MeKmoHiYHa esonoyisl, 3eAeHi cAanui, oaika, Koaizis,
YpaH-ceunyesi damyeanhs
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