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Abstract—The results of a study of Late Precambrian effusive and plutonic rocks of the Dyusembai and Aktass
volcanic–plutonic associations of the western part of the Southern Ulutau are reported. A U‒Th‒Pb iso-
tope–geochronological study of accessory zircons (SHRIMP II) showed that the formation of rhyolite–
granite associations occurred in the second half of the Tonian in the Neoproterozoic (~830 Ma, Dyusembai
association, and ~800–790 Ma, Aktass association). The formation of parental melts for effusive and plutonic
rocks of both associations occurred via dehydration melting of metatonalite (metagreywacke) formations of
the Early Precambrian continental crust in an intraplate environment. The Neoproterozoic evolution of the
Southern Ulutau took place in an environment of an active continental margin. The formations of the eastern
part of the Southern Ulutau were formed within the ensialic island arc, while the western part, in the area of
riftogenic magmatism, upon extension in the rear area. The Tonian magmatism in the Southern Ulutau, as
well as in the other terranes of the Ulutau‒Moyunkum Group, indicates their incorporation into the base-
ment of a large volcanic–plutonic belt marking subduction of the oceanic lithosphere beneath the northwest-
ern margin of the Rodinia supercontinent.
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INTRODUCTION

Intra- and marginal-continental types can be dis-
tinguished in volcanic–plutonic belts, which are
among the largest structures of the Earth. The origin
of marginal-continental belts is associated with the
evolution of suprasubduction igneous systems con-
fined to the zones of convergence of the oceanic and
continental plates (belts of the Andean active conti-
nental margin). The formation of intracontinental
belts may be controlled by convergent boundaries
accompanied by collision (Alpine–Himalayan Belt),
or due to the development of rifting processes accom-
panied by lithosphere extension and rise of the mantle
diapir (belts of the East African rift system).

The structures of different types of volcanic–plu-
tonic belts involve felsic igneous rocks, often forming
volcanic–plutonic rhyolite–granite associations. They
combine volcanic and intrusive formations with similar
patterns of the chemical and isotope compositions and
similar age estimates, which indicate their relationship
with the evolution of a single parental melt.

Rhyolite-granite associations of intracontinental
belts are usually the end-members of contrasting series
in which they are associated with igneous rocks of
ultramafic and mafic compositions with a high alka-
linity. In this case, felsic rocks are considered as the
result of the mantle–crust interaction caused by
underplating of mafic melts and the formation of
intracrustal melt chambers [18, 57].

Felsic volcanic rocks and granitoids of marginal-
continental belts are often associated with rocks of the
mafic and intermediate compositions of with calc-alka-
line specialization forming differentiated series [8, 45].
The origin of felsic varieties in this case is considered
as the final result of the evolution of melts, including
their generation in the suprasubduction setting of the
active margin, followed by the processes of crystalliza-
tion differentiation and assimilation [8, 45]. At the
same time, rifting processes in the rear and axial zones
of the continental-marginal belts may lead to the for-
mation of contrasting series as well [15].

The Precambrian volcanic–plutonic belts are of
particular interest, since their complexes provide infor-
mation on the evolution of the convergence and rifting
405
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Fig. 1. The scheme of the location of Precambrian terranes in the western part of the Central Asian Foldbelt. Precambrian ter-
ranes: K, Kokchetav; I, Ishkeolmes; E-N, Erementau–Niyaz; AM, Aktau–Mointy; U, Ulutau; Ch-K, Chuya–Kendyktas; Il, Ili;
IK, Issyk-Kul; CT, Central Tien Shan. (1) Precambrian terranes; (2‒4) complexes: (2) Lower Paleozoic volcanic–sedimentary,
(3) Middle–Upper Paleozoic volcanic–sedimentary, (4) Precambrian and Paleozoic complexes of the Tarim Craton; (5) large
faults; (6) State border.
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zones, which controlled the paleotectonic development
and growth of the continental crust of the Precambrian
supercontinents (Rodinia, Nuna) [46, 47, 54].

The opening of the oceans, breakup of superconti-
nents, and repeated collisional events in the Phanero-
zoic resulted in fragmentation of large Precambrian
structures, including volcanic–plutonic belts, and
their complexes experienced significant displace-
ments, deformations, and metamorphism.

In the western part of the Central Asian Belt, cov-
ering the territories of Kazakhstan, Kyrgyzstan, and
NW China, Precambrian formations are involved in
the structures of terranes of various sizes located
among the Lower Paleozoic accretionary and island-
arc complexes (Fig. 1). As a result of the study of the
Meso- and Neoproterozoic complexes, the terranes of
this part of the belt were divided into two groups that
had different tectonic–magmatic evolutions in the
Late Precambrian: the northeastern, Issedon (Kok-
chetav, Ishkeolmes, Aktau–Dzhungar, Issyk-Kul, and
Ili terranes), and southwestern, Ulutau-Moyunkum
(Ulutau, Karatau–Dzhebagli, Middle Tien Shan,
Chuya–Kendyktas, and Zheltav terranes) terranes [23].
Recent studies have shown that the fragments of the
Precambrian volcanic–plutonic belts are parts of the
GEOTECTONICS  Vol. 56  No. 4  2022
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Fig. 2. A scheme of the geological structure of the South-
ern Ulutau, modified after [13]. Areas of detailed studies
(outline) are shown: (1) area of the Dyusembai River,
(2) area of the Koktal and Akyrlysai rivers, (3) area of the
Bereke River. (1) Mesozoic–Cenozoic deposits; (2) Devo-
nian and Carboniferous volcanogenic sequences; (3) Paleo-
zoic granitoids; (4) Lower Paleozoic siliceous–terrigenous
and terrigenous sequences; (5) Ediacaran volcanogenic–
sedimentary and coarse clastic sequences; (6‒9) Neopro-
terozoic metamorphosed volcanic–sedimentary sequences
of the eastern part of the Southern Ulutau: (6) Beleuta
Group, (7) Karsakpai Group, (8) Aralbai Group, (9) Bala-
zhezdin Group; (10‒15) Neoproterozoic metamorphosed
volcanic–sedimentary sequences and plutonic complexes
of the western part of the Southern Ulutau (Maityubinsk
Zone): (10) Koksu Group, (11) Aktass granite complex,
(12) Karsakpai Complex of alkaline syenite, (13) Bozdak
Group, (14) Zhaunkar granite complex, (15) Maityubinsk
Group, (16) Mesoproterozoic volcanic sequences of the
Zhiidinskaya Group.
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structure of the Precambrian terranes of both groups.
For example, sheared rhyolite, trachyrhyolite, and
granitoids, the formation of which was associated with
the evolution of two volcanic–plutonic belts with ages
of ~1150 and ~900 Ma, are widespread within the ter-
ranes of the Issedon Group [23, 34, 66]. The isotope–
geochemical patterns of these volcanic rocks and
granite make them similar to A-type granite and indi-
cate the formation of melts in the intraplate settings
upon melting of the Early Precambrian continental
crust [1, 23].

The younger igneous complexes are involved in the
structure of terranes of the Ulutau–Moyunkum
Group [23]. These are metamorphosed felsic volcanic
rocks and granitoids, including those altered under the
high-pressure conditions.

The geochronological data obtained in recent years
indicate the formation of these rocks within the Neo-
proterozoic (830‒770 Ma) volcanic–plutonic belt
[23, 37, 60, 63]. However, as the geochronological
data are insufficient and volcanogenic sequences are
poorly preserved and metamorphosed significantly, it
is difficult to correlate the volcanic and plutonic com-
plexes of different terranes. The crustal Nd isotope–
geochemical characteristics of felsic rocks, the lack of
their spatial and genetic relationship with rocks of more
basic composition often do not allow us to estimate the
conditions for the formation of melts, which makes dif-
ficult to reconstruct the geodynamic settings for the for-
mation of complexes of the Neoproterozoic volcanic–
plutonic belt. Therefore, the most interesting object for
research is the Ulutau Terrane, located in the west of
Central Kazakhstan; it includes Neoproterozoic granit-
oids and felsic volcanic rocks, characterized by com-
pleteness of sections and low degree of metamorphism.

THE STRUCTURAL PATTERNS
OF PRE-EDIACARAN COMPLEXES 

OF THE SOUTHERN ULUTAU

The pre-Ediacaran complexes of the Ulutau Terrane
are poorly metamorphosed volcanogenic, volcano-
genic–sedimentary, and granitoid complexes, which
are most widespread in its southern part (Southern
Ulutau). The differentiated (basalt–andesite–rhyolite)
volcanogenic–sedimentary rocks, associated with che-
mogenic ferruginous quartzite, shale, and limestone
(Aralbai, Karsakpai and Beleuta groups) occur in the
eastern part of the Southern Ulutau (Karsakpai Zone);
an amphibolite-gneiss complex (Balazhezda Forma-
tion) is located structurally below (Figs. 2, 3) [13, 14].

The geochronological studies carried out in recent
years provided U‒Pb age estimates of accessory zircon
grains from felsic volcanic rocks of the Aralbay, Beleuta,
Karsakpai groups, as well as from metamagmatic rocks
of the Balazhezda Group, these data provide evidence
for the Late Neoproterozoic (~740–760 Ma) age of
these rocks [10–12].
GEOTECTONICS  Vol. 56  No. 4  2022
The distinctive feature of the western part of the
Southern Ulutau (Maityubinsk Zone) is the wide
abundance of poorly metamorphosed felsic volcanic
and volcanic–sedimentary rocks (Maityuinsk and
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Koksui groups), which are associated with large gran-
itoid massifs (Zhaunkar and Aktass complexes) (see
Figs. 2, 3). The Maityubinsk Group is underlain by the
Zhiida Group, composed of metamorphosed felsic
and basic volcanic rocks, sheared terrigenous and vol-
canic–sedimentary rocks. The sequences of felsic vol-
canic rocks that are part of the Maityubinsk Group are
overlain by black shale, quartzite–shale, and coarse
clastic volcanic–sedimentary sequences (Kumola,
Ushtoba, Bozdak, and other formations) [2, 13]. The
U‒Pb age estimates were previously obtained for
granite of the Zhaunkar and Aktass complexes and fel-
sic volcanic rocks of the Koksu Group, indicating the
Neoproterozoic (~800‒830 Ma) age of their forma-
tion [5, 23].

In our research we report the results of the geologi-
cal, geochronological, and isotope–geochemical stud-
ies of the Neoproterozoic rhyolite–granite complexes
of the Maityubinsk Zone in the western part of the
Southern Ulutau.

THE STRUCTURE AND MINERAL 
COMPOSITION OF NEOPROTEROZOIC 

VOLCANIC AND PLUTONIC COMPLEXES
Two associations of felsic volcanic and plutonic

rocks similar in age, namely Dyusembai and Aktass,
may be distinguished in the western part of the South-
ern Ulutau.

Dyusembai Association
The complexes of the Dyusembai association com-

pose most of the Maityubinsk Zone, where they include
felsic volcanic rocks of the Dyusembai, Zhaunkar, and,
probably, Tatpen formations of the Maityubinsk
Group, as well as granitoids of the Zhaunkar Complex
(Figs. 2, 3).

Rocks of the Dyusembai Formation. Volcanogenic
rocks of the Dyusembai Formation were studied in the
stratotype section in the upper reaches of the Dyusem-
bai River (central part of the Maityubinsk Zone).
Sheared felsic volcanic rocks with a f luidal structure
and tuff of the same composition of the Dyusembai
Formation (up to 2000-m thick) form the core of a
large meridional antiform there (Fig. 4).

These rocks with unclear relationships are under-
lain by sericite–chlorite–quartz schist and quartz
schist, which are conventionally related to the upper
section of the Zhiida Group. The rocks of the
Dyusembai Formation are unconformably overlain by
a thin member of carbonaceous quartzite and quartz
schists on the southern periclinal and eastern f lank of
the antiform; most likely, with a tectonic contact,
Dyusembai Formation is overlain by sheared felsic
volcanic rocks related to the Zhaunkar Formation.

Felsic volcanic rocks are unconformably overlain
by volcanogenic–sedimentary sequence of variegated
composition (conglomerate, sericite–feldspar, quartz–
biotite–sericite schist, mafic and felsic volcanic rocks,
marble, ferruginous and graphite quartzite) on the
flanks of the antiform and its southern periclinal clo-
sure; these rocks are identified as the Koldy-
baishokinsk and Zhilandysai formations [13].

Rocks of the Zhaunkar Formation. These effusive
rocks were studied in the west of the Maityubinsk
Zone in the area of the Koktal and Akyrlysai rivers,
where the Neoproterozoic complexes are involved in
the structure of the eastern f lank of the large synform
(Fig. 5).

The lowest position in the structure is occupied by
coarse-grained sheared granite of the Zhaunkar Mas-
sif of the same complex. Granite is unconformably
overlain by a thin (up to 60 m) member of blastopsam-
mitic quartzite and carbonaceous shale, which is a
marker and extends for a long distance [13].

The rocks of the Zhaunkar Formation represented
by sheared f luidal felsic effusive rocks and tuff, often
with lenticular fiamme, with a total thickness of up to
1500 m, occur structurally higher, probably with tec-
tonic contact. Their contacts with effusive rocks of the
Zhaunkar Formation are most likely tectonic as well
(Fig. 5).

Felsic effusive rocks, which dominate in both forma-
tions, experienced metamorphism, expressed in schis-
tosity and in some places a banded structure. The
groundmass in the rocks is recrystallized and trans-
formed into a fine-grained lepidogranoblastic aggregate
consisting of quartz, alkali feldspar, acid plagioclase,
biotite, muscovite, chlorite, zoisite, and ore mineral.

The predominant phenocrysts are orthoclase and
plagioclase (oligoclase–andesite and oligoclase–
albite), and quartz, while biotite and ilmenite are the
minor ones. Among the accessory minerals are apatite
and zircon.

Orthoclase and quartz are phenocrysts in rocks of
normal alkalinity; plagioclase (oligoclase–albite) and
biotite are the minor phases. Among the accessory
minerals are apatite and zircon.

Zhaunkar Granite Complex unites several intru-
sions (North Sarysai, Kulanbai, Zhaunkar, and Zhi-
ida) in the axial part of the Maityubinsk Zone, intrud-
ing volcanogenic–sedimentary rocks of the Zhiida
Group, as well as felsic volcanic rocks of the Dyusem-
bay Formation. The structure of the intrusions is
dominated by sheared coarse-grained, porphyritic
leucocratic granite of the major intrusive phase. Less
common is medium-grained leucogranite of the late
intrusive phase.

Aktass Association
The complexes of the Aktass association mainly

occur in the west of the Southern Ulutau, where they
include volcanic rocks of the Koksui Group and gran-
ite of the Aktass Formation. This association includes
GEOTECTONICS  Vol. 56  No. 4  2022
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Fig. 3. The correlation scheme of Precambrian stratified and plutonic complexes of various zones of the Southern Ulutau.
(1) Sandstone; (2) limestone; (3) quartz–feldspar schist, phyllite; (4) tillite-like conglomerate; (5) conglomerate; (6) quartzite,
quartz sandstone; (7) ferruginous quartzite; (8) ferruginous shale; (9) basalt; (10) tuff siltstone and tuffite of the basic composi-
tion; (11) basic tuff conglomerate; (12) andesite; (13) rhyolite; (14) felsic tuff conglomerate; (15) felsic tuff; (16) shale and gneiss;
(17) amphibolite and amphibole schist; (18) syenite; (19) granitoids.
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Fig. 4. The geological scheme of the site of detailed study in the area of the Dusembai River. (1) Cenozoic deposits; (2) Devonian
and Carboniferous volcanogenic and sedimentary rocks; (3) conglomerate, feldspar shale, tuff, tuff conglomerate, effusive rocks
of the basic composition of the Bozdak Group; (4) quartzite, quartz sandstone, phyllite-like shale of the Kumola Formation;
(5) conglomerate, sericite–feldspar, quartz–biotite–sericite schist, marble, ferruginous and graphitic quartzite, tuff and effusive
rocks of the basic and felsic compositions of the Koldybaishokinskaya and Zhilandysai formations; (6) felsic effusive rocks and
tuff of the Dyusembai Formation; (7) quartzite and phyllite-like schist of the Zhiidinskaya Group; (8) Paleozoic granitoids;
(9) faults: (a) thrusts, (b) others; (10) granitoids of the Zhaunkar Complex (North Sarysai Massif); (11) sampling sites and nos.
of geochronological samples.
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felsic effusive rocks of the upper part of the Kumola
Formation related to the Maityubinsk Group in the
east of the Maityubinsk Zone.

The rocks of the Koksui Group and granitoids of
the Aktass Formation were studied in the northwest-
ern marginal part of the Maityubinsk Zone near the
boundary with the Ediacaran–Lower Paleozoic for-
mations of the Baikonur Zone (Fig. 2).

Rocks of the Koksui Group. This group is composed
of sheared felsic volcanic rocks and tuff in the lower
GEOTECTONICS  Vol. 56  No. 4  2022
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Fig. 5. The geological scheme of the site of detailed study in the area of the Koktal and Akyrlysai rivers. (1) Cenozoic deposits;
(2) tillite-like conglomerate, phyllite-like schist of the Satan Formation; (3–4) Ushtoba Formation: (3) quartzite, quartz schist,
(4) sericite–quartz schist; (5–6) Zhaunkar Formation: (5) quartzite and carbonaceous shale, (6) felsic volcanic rocks and tuff;
(7) granitoids of the Zhaunkar Complex; (8) faults: (a) thrusts, (b) others; (9) sampling sites and nos. of geochronological samples.
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part and effusive rocks, tuff, and rhyolitic ignimbrite
with horizons of sandstone and conglomerate (the
Lakbai Formation) in the upper part. The total thick-
ness of the Koksui Group reaches 1500 m.

The effusive rocks of the Koksui Group are repre-
sented by sheared rhyolite with massive, less often f lu-
idal structure. Quartz and orthoclase phenocrysts
occur in a fine-grained lepidogranoblastic ground-
mass consisting of quartz, alkali feldspar, acid pla-
gioclase, biotite, and muscovite.

Granite of the Aktass Formation. This rock com-
poses linearly elongated bodies (Aktass and Ugyrlytau
intrusions) with a length up to 20 km and width of
3 km or less, which are mainly formed by coarse-
grained, sometimes porphyritic, biotite granite.

Rocks of the Kumola Formation. This formation is
mainly distributed in the east of the Maityubinsk
GEOTECTONICS  Vol. 56  No. 4  2022
Zone. The lower part of the formation is composed of
alternating quartzite, quartz schist, with a subordinate
amount of phyllite; there is a unit of f luidal felsic vol-
canic rocks and tuff with a thickness up to 300 m at the
top of the section. The rocks of the upper part of the
Kumola Formation were studied on the left bank of
the Bereke River, where they form the western f lank of
a large syncline, overlain by boulder conglomerate and
basic effusive rocks of the Bozdak Group without vis-
ible unconformity (Fig. 6).

METHODS
The analysis for the major rock-forming elements

by X-ray f luorescence method using an S4 PIONEER
sequential wave-dispersive spectrometer manufac-
tured by Bruker AXS (Germany) with an X-ray tube
with a power of 4 kW, Rh anode, and a 75 μm thick Be
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Fig. 6. The geological scheme of the site in the area of the Bereke River. (1) Cenozoic deposits; (2–4) Bozdak Group: (2) quartz-
ite, quartz schist, quartz–feldspar schist, phyllite-like schist, (3) quartz–sericite–chlorite schist, conglomerate, mafic and felsic
effusive rocks, (4) mafic tuff and effusive rocks; (5–6) Kumola Formation: (5) felsic effusive rocks, (6) quartzite and quartz schist;
(7) effusive rocks and tuff of the basic composition of the Karsakpai Group; (8) faults: (a) thrusts, (b) others; (9) sampling sites
with nos. of geochronological samples.
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window was carried out at the Laboratory of Chemi-
cal–Analytical Studies, Geological Institute, Russian
Academy of Sciences (Moscow, Russia). The contents
of trace components in the rocks were determined by
the ICP MS method at the Analytical Certification
and Testing Center of the Institute of Microelectronics
and Highly Pure Materials, Russian Academy of Sci-
ences (Moscow, Russia).

The Sm–Nd isotope data were obtained at the
Institute of Precambrian Geology and Geochronol-
ogy, Russian Academy of Sciences (St. Petersburg,
Russia). Approximately 100 mg of powdered samples,
to which a mixed 149Sm–150Nd tracer was added, were
decomposed in Teflon bottles in a mixture of HF,
HNO3, and HClO4. REEs were extracted by the stan-
dard cation exchange chromatography on BioRad
AG1-X8 resin columns (200–400 mesh), while Sm and
Nd were extracted by chromatography on LN-Spec
(100–150 mesh) columns.

The Sm and Nd isotope compositions were ana-
lyzed on a TRITON TI multicollector mass spec-
trometer in static mode. The measured 143Nd/144Nd
ratios were normalized to 146Nd/144Nd = 0.7219 and
reduced to 143Nd/144Nd = 0.512115 in the JNdi-1 Nd
standard. The blank run level was 0.05‒0.2 ng Sm
and 0.1‒0.5 ng Nd.
The accuracy of the analysis of Sm and Nd concen-
trations was ±0.5%; that of the 147Sm/144Nd isotope
ratios was ±0.5%; and for the 143Nd/144Nd isotope
ratios it was ±0.005% (2σ). The values of εNd(t) and
model ages TNd(DM), modern values of the homo-
geneous chondrite reservoir (CHUR), after [35]
(143Nd/144Nd = 0.512638, 147Sm/144Nd = 0.1967),
and DM, after [32] (143Nd/144Nd = 0.513151,
147Sm/144Nd = 0.21365) were used for calculations.

The U‒Pb geochronological studies of accessory
zircons were carried out to substantiate the age of plu-
tonic and volcanic rocks. The extraction of zircon
from rhyolite was carried out by the standard method-
ology using heavy liquids. Zircon grains were mounted
in epoxy along with standard TEMORA and 91500
zircon grains, and then ground to about half of their
thickness and polished. Photomicrographs taken on a
Camscan MX 2500S scanning electron microscope in
secondary electron and cathode luminescence modes
were used to select areas of zircon grains for local geo-
chronological studies.

The U‒Pb (SIMS) geochronological studies of
zircons were carried out on a SHRIMP-II secondary
ion microprobe at the Center for Isotope Studies of the
Russian Geological Research Institute (St. Peters-
burg, Russia). The U and Pb isotope ratios were mea-
GEOTECTONICS  Vol. 56  No. 4  2022
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Table 1. The characteristics of the samples used for the isotope–geochronological U–Pb studies and the obtained age esti-
mates

Age estimates indicated in bold were obtained by the authors [9, 22].

Sample N E Location Rock Formation/Complex Age (Ma)

Dyusembai volcanic–plutonic association
U-1103 47°46′34.80′′ 66°31′52.10′′ Dyusembai River Rhyolite Dyusembai 836 ± 6
U-1671 47°22′57.10′′ 66°22′56.70′′ Akyrlysai River Trachydacite Zhaunkar 823 ± 5
U-1331 47°46′46.3′′ 66°24′47.2′′ Shokyrsai River Leucogranite Zhaunkar 829 ± 10

Aktass volcanic–plutonic association
U-1349 47°50′31.29′′ 66°40′38.63′′ Bereke River Rhyolite Kumola 784 ± 5
TS-1180 47°55′32.0′′ 66°16′13.01′′ Baikonur River Trachyrhyolite Aktass 797 ± 4
U-9003 48°02′52.59′′ 66°19′15.04′′ Aktass Alkali granite Aktass 791 ± 7
sured by the traditional technique described in [70].
The intensity of the primary beam of molecular nega-
tively charged oxygen ions was ~2.5–4 nA; the spot
(crater) diameter was ~15 × 10 μm. The data we
obtained were processed using the SQUID [43] and
ISOPLOT [42] software.

THE DATA OF THE U–Pb
ISOTOPE–GEOCHRONOLOGICAL STUDIES

Complexes of the Dyusembai Association
Sample U-1103 (47°46′34.80′′ N; 66°31′52.10′′ E)

was collected from rhyolite in the section in the upper
reaches of the Dyusembai River to estimate the age of
felsic volcanic rocks of the Dyusembai Formation
(Table 1).

Accessory zircon was represented by euhedral crys-
tals of prismatic and tabular habit, 50–200 μm in size,
with an elongation factor of 2 to 4. The crystals were
characterized by clear igneous zoning (Fig. 7).

The U‒Pb geochronological studies were per-
formed for 14 zircon crystals. The concordant age
calculated from the 206Pb/238U ratio was 836 ± 6 Ma
(Fig. 8a; Table 2).

Estimates of the age of detrital zircon grains were
previously obtained for sheared volcanic–sedimen-
tary felsic rocks of the Dyusembai Formation in the
upper reaches of the Dyusembay River (Fig. 3, Sam-
ple M-12-13). They are dominated by subhedral
crystals with clear igneous zoning, aged in the range
of 840–1010 Ma with pronounced maxima at 846
and 904 Ma. There are a few rounded zircon grains
with poorly expressed igneous zoning and ages of
1600–2200 Ma, as well [4].

To estimate the ages of rocks of the Zhaunkar Forma-
tion, Sample U-1671 (47°22′57.10′′ N; 66°22′56.70′′ E)
was collected from trachydacite on the right bank of
the Akyrlysai River (Table 1). Accessory zircon is rep-
resented by euhedral crystals of a prismatic, dipyrami-
dal, and less commonly, a tabular habit, 100–200 μm
in size, with an elongation factor of 2 to 4 (Fig. 7).
GEOTECTONICS  Vol. 56  No. 4  2022
The crystals are characterized by clear igneous zon-
ing. The U‒Th‒Pb geochronological studies were
carried out for 19 zircon crystals. The concordant age
calculated from the 206Pb/238U ratio was 823 ± 5 Ma
(Fig. 8b, Table 2).

Thus, the data we obtained indicate that the age of
the felsic volcanic rocks of the Dyusembai and
Zhaunkar formations coincides within the error (825–
830 Ma). Taking into account the close structure and
compositional patterns of the rocks, their assignment
to different formations is most likely explained by con-
finement to several tectonic plates occupying different
structural positions.

An age estimate of 829 ± 10 Ma was previously
obtained for granitoids of the North Sarysai Massif of
the Zhaunkar Formation [9] (Fig. 4, Sample U-1331).

Complexes of the Aktass Association
A rhyolite sample (U-1349; 47°50′31.29′′ N;

66°40′38.63′′ E) was collected on the left bank of the
Bereke River in order to estimate the age of felsic vol-
canic rocks from the upper part of the Kumola Forma-
tion section (Table 1). Accessory zircon is represented
by euhedral crystals of a short prismatic, dipyramidal,
and less commonly tabular habit, 80–200 μm in size,
with an elongation factor of 1 to 2.

The crystals are characterized by clear igneous zon-
ing (Fig. 7). The U‒Pb geochronological studies were
carried out for 15 zircon crystals. The concordant age
calculated from the 206Pb/238U ratio was 784 ± 5 Ma
(Fig. 8c, Table 2).

The ages of crystallization were previously estimated
for volcanic rocks of the Koksui Group (Aktass Forma-
tion) and intruding granitoids of the Aktass Formation
as 794 ± 3 Ma and 791 ± 7 Ma, respectively [23].

The morphological patterns of the studied zircon
crystals indicate their igneous origin and the obtained
age estimates reflect the age of crystallization of igne-
ous rocks of the Dyusembai and Aktass associations.
Based on the analysis of the data, we believe that the
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Fig. 7. CL images of studied zircons from felsic volcanic rocks of the Dyusembai (U-1103), Zhaunkar (U-1671), and Kumolin
(U-1349) formations. The dated sites (circles) and concordant ages calculated from the 206Pb/238U ratio are shown.
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formation of these associations occurred over close but
different time intervals of the second half of the
Tonian period in the Neoproterozoic: ~830 Ma (Dyu-
sembai) and ~800–790 Ma (Aktass).

THE ISOTOPE–GEOCHEMICAL 
CHARACTERISTICS OF ROCKS 
OF THE VOLCANIC–PLUTONIC 

ASSOCIATIONS
Rocks of the Dyusembai association. According to

the contents of SiO2 and Na2O + K2O, the effusive
rocks of the Dyusembai and Zhaunkar formations
correspond to trachyte, trachydacite, and rhyolite, and
the granitoids of the Zhaunkar Complex are close to
the latter (Fig. 9, Table 3). The rocks are characterized
by moderate and high alumina (ASI = 0.86–1.24) and
high iron (FeO*/(FeO* + MgO) = 0.77–0.96) con-
tents and low values of the agpaitic index (Ka = 0.63–
0.97) (Fig. 10, Table 3).

The concentrations of TiO2, Al2O3, FeO, MgO,
and P2O5 decrease with an increase in the content of
SiO2 in rocks. There is no clear correlation between
SiO2 and alkalis, while the total of Na2O + K2O
decreases with increasing silica content (Fig. 11).

All rocks are characterized by a similar distribution
of trace elements. With increasing SiO2 content, the
Eu anomaly appears in volcanic rocks and granite:
from positive, in trachyte and trachydacite (Eu/Eu* =
GEOTECTONICS  Vol. 56  No. 4  2022
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Fig. 8. The diagram with concordia for zircons of the
Dyusembai, Zhaunkar, and Kumolin formations. (a) Sam-
ple U-1103, zircons from rhyolite of the Dyusembai For-
mation; (b) Sample U-1671, zircon from trachydacite of
the Zhaunkar Formation; (c) Sample U1349, zircon from
rhyolite of the Kumola Formation.
0.9–1.6), to negative, in rhyolite (Eu/Eu* = 0.1–0.8)
and granite (Eu/Eu* = 0.2–0.5). The depletion of
rocks in Ba and Sr is observed in the same direction.

The rocks are characterized by enrichment in U,
Th, Zr, Y and a differentiated REE distribution spec-
trum with (La/Yb)n = 3–23 (Fig. 12).

Rocks of the Aktass association. The effusive rocks
of the Aktass, Lakbai, and Kumola formations plot
into the fields of trachydacite and rhyolite on the
SiO2–Na2O + K2O diagram, while granitoids of the
Aktass complex, plot into the areas from trachyte to
rhyolite (Fig. 9, Table 4). The rocks are characterized
by moderate and high alumina (ASI = 0.92–1.34),
high iron (FeO*/(FeO* + MgO) = 0.77–0.96) con-
tents and an agpaitic index of Ka = 0.74–1 (Fig. 10,
Table 4). An increase in the SiO2 content in rocks is
accompanied by a decrease in the concentrations of
TiO2, Al2O3, FeO, MgO, P2O5, Na2O and an increase
in K2O (Fig. 11).

Effusive rocks and granitoids have similar trace-
element distribution patterns. With increasing SiO2
content, the rocks become depleted in Eu, Ba, and Sr.
They are characterized by enrichment in U, Th, Zr, Y
and a differentiated REE distribution spectrum with
(La/Yb)n = 4–15 (Fig. 13).

Volcanic rocks of the Aktass Formation and granit-
oids of the Aktass Complex are characterized by wide
variations in εNd (from +1.4 to –4.9) and model age
of tNd(DM) = ~1.31–1.76 Ga) (Fig. 14, Table 5).

Granitoids of the Zhaunkar Complex are charac-
terized by a negative εNd value (–11) and Early Pre-
cambrian model age (tNd(DM) = ~2.5 Ga) (Fig. 14,
Table 5).

DISCUSSION OF THE RESULTS
We performed geological, geochronological, and

isotope–geochemical studies, which allowed us to
identify two Neoproterozoic (Late Tonian) volcanic–
plutonic associations in the western part of the South-
ern Ulutau (Maityubinsk Zone), including the forma-
tions of felsic volcanic rocks and granitoids, namely
the Dyusembai (~830 Ma) and Aktass (800‒790 Ma).

The Environments of the Formation 
and Provenances of Rocks

The volcanic rocks and granitoids of different ages
have similar patterns of the chemical composition
characteristic of A-type granite. They mainly belong
to the mid- and high-alumina, ferruginous series
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Table 2. The results of U–Pb geochronological studies of accessory zircons

206Pbс, common Pb; 206Pb*, radiogenic Pb; Rho, coefficient of error correlation 207Pb/235U–206Pb/238U. Error of isotope ratio mea-
surements (%) is given at the level of 1σ.

Analysis 
no.

206Pbс
%

Concentration, ppm Isotope ratios

Rho

Age, Ma

206Pb* U Th
232Th/

238U
207Pb*/206Pb* 206Pb*/238U 207Pb*/235U 206Pb/238U 207Pb/206Pb

U-1671
1.1 0.00 15 128 163 1.32 0.0654 ± 1.5 0.1364 ± 1.2 1.231 ± 1.9 0.62 824 ± 9 788 ± 32

10.1 0.07 19.5 161 169 1.09 0.0672 ± 1.4 0.1413 ± 1.1 1.308 ± 1.8 0.60 852 ± 9 843 ± 30
11.1 0.04 26.3 223 286 1.32 0.0666 ± 1.2 0.1370 ± 1.0 1.258 ± 1.6 0.66 828 ± 8 825 ± 25
12.1 0.04 33.2 285 225 0.82 0.0664 ± 1.1 0.1353 ± 1.1 1.238 ± 1.5 0.70 818 ± 8 819 ± 23
13.1 0.00 2.76 23 23 1.04 0.0668 ± 3.5 0.1416 ± 1.8 1.305 ± 4.0 0.46 854 ± 15 833 ± 74
14.1 0.02 59.3 507 312 0.64 0.0664 ± 0.8 0.1361 ± 1.0 1.246 ± 1.3 0.77 823 ± 8 818 ± 17
15.1 0.81 2.09 18 18 1.03 0.0666 ± 8.2 0.1341 ± 2.1 1.230 ± 8.5 0.25 811 ± 16 825 ± 170
16.1 0.07 19.3 166 165 1.03 0.0654 ± 1.5 0.1353 ± 1.1 1.220 ± 1.8 0.59 818 ± 8 787 ± 31
17.1 0.88 3.19 28 36 1.34 0.0719 ± 6.7 0.1318 ± 1.8 1.307 ± 7.0 0.26 798 ± 13 984 ± 140
18.1 0.00 1.83 16 15 0.97 0.0688 ± 4.3 0.1372 ± 2.1 1.301 ± 4.8 0.44 829 ± 17 892 ± 89
19.1 0.06 21.7 186 99 0.55 0.0660 ± 1.4 0.1355 ± 1.1 1.233 ± 1.7 0.62 819 ± 8 806 ± 29
2.1 0.22 5.71 52 74 1.49 0.0641 ± 3.1 0.1287 ± 1.4 1.137 ± 3.4 0.41 781 ± 10 744 ± 66
3.1 0.08 17.2 149 146 1.02 0.0665 ± 1.6 0.1345 ± 1.1 1.233 ± 1.9 0.58 814 ± 9 821 ± 33
4.1 0.18 7.29 62 63 1.06 0.0655 ± 2.6 0.1376 ± 1.3 1.242 ± 2.9 0.45 831 ± 10 790 ± 55
5.1 0.44 5.17 43 43 1.03 0.0645 ± 4.3 0.1398 ± 1.5 1.244 ± 4.5 0.33 843 ± 12 759 ± 90
6.1 0.49 2.57 22 23 1.10 0.0664 ± 5.3 0.1371 ± 1.9 1.256 ± 5.6 0.33 828 ± 15 821 ± 110
7.1 0.30 4.35 36 44 1.25 0.0659 ± 3.8 0.1404 ± 1.6 1.275 ± 4.1 0.38 847 ± 12 803 ± 79
8.1 0.00 3.53 30 42 1.45 0.0682 ± 3.1 0.1360 ± 1.6 1.279 ± 3.5 0.46 822 ± 13 875 ± 65
9.1 0.77 1.78 15 13 0.90 0.0638 ± 7.9 0.1412 ± 2.3 1.240 ± 8.2 0.28 851 ± 18 736 ± 170

U-1103
5.1 0.00 44 378 182 0.50 0.0670 ± 1.6 0.1355 ± 0.7 1.250 ± 1.7 0.41 819 ± 5 835 ± 33

11.1 0.00 4.78 41 62 1.57 0.0701 ± 6.8 0.1375 ± 1.5 1.327 ± 7.0 0.21 830 ± 12 929 ± 1409
2.1 0.00 29 245 291 1.23 0.0675 ± 2.9 0.1379 ± 3.7 1.284 ± 4.7 0.79 833 ± 29 854 ± 59

10.1 0.00 81.1 684 691 1.04 0.0667 ± 0.9 0.1381 ± 1.1 1.271 ± 1.4 0.79 834 ± 9 829 ± 18
6.1 0.00 32.2 271 523 1.99 0.0680 ± 1.5 0.1384 ± 0.8 1.297 ± 1.7 0.48 835 ± 6 868 ± 31
3.1 0.00 128 1075 558 0.54 0.0674 ± 0.8 0.1386 ± 0.6 1.288 ± 1.0 0.64 837 ± 5 849 ± 16
4.1 0.00 9.7 81 169 2.15 0.0670 ± 3.3 0.1388 ± 1.1 1.283 ± 3.5 0.33 838 ± 9 839 ± 68

U-1349
15.1 1.03 79.3 732 766 1.08 0.0653 ± 2.8 0.1261 ± 1.6 1.136 ± 3.3 0.53 766 ± 13 785 ± 58
13.1 0.00 73.9 678 435 0.66 0.0659 ± 1.3 0.1268 ± 2.2 1.153 ± 2.6 0.86 770 ± 16 804 ± 27
5.1 0.04 108 976 821 0.87 0.0657 ± 1.1 0.1284 ± 0.9 1.162 ± 1.5 0.64 779 ± 7 796 ± 24

12.1 1.18 90.2 817 821 1.04 0.0664 ± 2.6 0.1284 ± 1.4 1.175 ± 3.0 0.46 779 ± 10 818 ± 55
7.1 0.27 94.5 855 714 0.86 0.0656 ± 1.5 0.1287 ± 1.5 1.165 ± 2.2 0.70 780 ± 11 795 ± 32
6.1 0.19 117 1058 944 0.92 0.0642 ± 1.3 0.1292 ± 1.3 1.143 ± 1.8 0.71 783 ± 10 747 ± 27
1.1 0.25 69.5 626 470 0.78 0.0638 ± 1.8 0.1292 ± 1.6 1.137 ± 2.4 0.66 783 ± 12 736 ± 38
3.1 0.00 78.1 703 572 0.84 0.0657 ± 1.3 0.1293 ± 1.1 1.172 ± 1.6 0.62 784 ± 8 798 ± 27

11.1 0.03 80.9 726 579 0.82 0.0662 ± 1.3 0.1297 ± 1.2 1.183 ± 1.8 0.69 786 ± 9 811 ± 27
14.1 0.03 78.9 706 518 0.76 0.0645 ± 1.3 0.1300 ± 1.4 1.156 ± 1.9 0.74 788 ± 11 759 ± 27
9.1 0.34 79.8 714 517 0.75 0.0633 ± 1.8 0.1300 ± 2.5 1.134 ± 3.1 0.81 788 ± 19 717 ± 39
8.1 0.05 109 976 878 0.93 0.0651 ± 1.2 0.1300 ± 1.8 1.167 ± 2.1 0.84 788 ± 13 777 ± 24
4.1 0.12 87.2 778 697 0.92 0.0659 ± 1.3 0.1304 ± 1.3 1.185 ± 1.9 0.70 790 ± 10 803 ± 28
2.1 0.25 88.8 791 692 0.90 0.0629 ± 1.6 0.1306 ± 0.7 1.134 ± 1.8 0.41 791 ± 5 706 ± 34

10.1 0.15 78.8 700 495 0.73 0.0653 ± 1.5 0.1310 ± 1.2 1.179 ± 1.9 0.62 793 ± 9 784 ± 31
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Fig. 9. The SiO2–Na2O + K2O diagram for igneous rocks of the Dyusembai and Aktass volcanic–plutonic associations, after [38].
(1) Effusive rocks of the Dyusembai and Zhaunkar formations; (2) granitoids of the Zhaunkar Complex; (3) effusive rocks of the
Aktass and Kumola formations; (4) granitoids of the Aktass Complex.
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(Fig. 10). According to the relationships of
CaO/(FeO* + MgO + TiO2) vs. CaO + Al2O3 and
FeO*/MgO vs. Zr + Nb + Ce + Y, the least-differen-
tiated varieties plot in the field of A-type granite,
which is supported by the enrichment of rocks in U,
Th, Zr, Y and slight depletion in Nb and Ta against the
background of a sharp depletion in Ba, Sr, P, Eu, and
Ti [25, 67] (Figs. 14, 15). The calculated temperatures
of saturation of their parent melts with Zr (average TZr
of 800°С (~830 Ma) and 840°С (~790 Ma)) indicate
the high-temperature mode of their formation, which
is a characteristic feature of Fe-rich A-type granite,
while the Rb–Y + Nb relationships suggest the forma-
tion of melts in an intraplate extension setting (Fig. 15)
[47, 50, 69].

The linear dependences between SiO2 and rock-
forming oxides in the rocks of both associations are the
result of fractional crystallization.

A decrease in Na2O + K2O content with increase in
SiO2, positive linear correlations between Ba and Sr,
and negative ones between Ba and Rb indicate the
removal of alkali feldspar from the melt (Fig. 11).

Fractionation of alkali feldspar seems to be the key
factor in the evolution of A-type acid melts [25, 26],
which is supported by the depletion of the most felsic
varieties in Eu/Eu*, Ba, and Sr.

The different behavior of Zr relative to SiO2 sug-
gests the removal of accessory minerals (zircon) in the
rocks of the Dyusembai (~830 Ma) association and
GEOTECTONICS  Vol. 56  No. 4  2022
their accumulation in the volcanic rocks and granite of
the Aktass (800–790 Ma) association at the final
stages of melt differentiation.

The negative correlation between SiO2 and Zr is
indicative of zircon fractionation. Correspondingly, the
calculated temperature of saturation with zircon, 740–
850°C, is lower than that of the initial melt. These data
characterize volcanic rocks and granitoids as products
of the evolution of melts with similar compositions.

Acid igneous rocks with A-type characteristics are
usually considered as a result of melting of rocks of the
continental crust or mantle–crust interaction, as well as
rocks of the mantle origin [16, 19–21, 25, 26, 29, 64]. In
the last two versions, it is assumed that felsic rocks are
differentiates of mantle melts or differentiates that have
experienced assimilation by crustal melts. In these
cases, felsic varieties usually associate with basalt, tra-
chybasalt, and, more rarely, rocks of intermediate com-
position, forming bimodal series [15].

Felsic volcanic rocks and their plutonic analogs in
such associations have an alkaline sialic composition.
The presence of dark-colored alkaline minerals and a
high agpaitic index are characteristic of alkaline rhyo-
lite, namely, comendite and pantellerite [47]. At the
same time, rocks of associations with different silica
content have the same variations in the Nd isotope
composition, close to the mantle one.

The absence of mafic igneous rocks with ages of
~830 and ~790 Ma at the modern erosion level of the
Maityubinsk Zone, the presence of biotite and horn-
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Fig. 10. Diagrams for igneous rocks of the Dyusembai
and Aktass volcanic–plutonic associations, after [28].
(a) SiO2–MALI (Na2O + K2O–CaO); (b) SiO2–ASI
(Al/(Ca–1.67P + Na + K)); (c) SiO2–FeO*/(FeO* +
MgO). (1) Effusive rocks of the Dyusembai and
Zhaunkar formations; (2) granitoids of the Zhaunkar
Complex; (3) effusive rocks of the Aktass and Kumola
formations; (4) granitoids of the Aktass Complex.
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Сalcareous
blende among the mafic minerals of volcanic rocks
and granitoids indicate the absence of a direct rela-
tionship between the formation of the latter and the
evolution of basic melts.
The petrogeochemical characteristics of effusive
rocks and granite are comparable with the melting
products of continental crust rocks [29]. Variations of
petrogenic and trace elements in effusive rocks and
granitoids of the Dyusembai association with an age of
~830 Ma, as well as a negative between of SiO2 and Zr,
which indicates fractionation of zircon, allow us to
consider trachyte and trachydacite as the least differ-
entiated varieties and accept their TZr (~820‒850°C)
value as that close to the temperatures of the initial
melt (see Fig. 11).

The positive correlation of SiO2 and Zr in igneous
rocks of the Aktass association with an age of ~790 Ma
indicates the accumulation of zircon at the final stages
of melt fractionation and allows us to accept TZr
(~790–830°C) value of granitoids of the Aktass Com-
plex as that close to the temperatures of the original
melt (Fig. 11).

The absence of xenogenic cores in accessory zircons
allows us to consider the obtained Zr saturation tem-
peratures as the minimum ones [44]. Based on this, the
melting temperatures were more than 800°C, which
refers these formations to the “hot” granite type [47].

The melts formed via metapelite source melting are
characterized by high contents of K2O and low con-
centrations of CaO, FeO*, and MgO. The enrichment
in Rb against the background of depletion in Ba and Sr
associates with the dehydration melting of muscovite,
against the background of biotite stability and, most
likely, the absence of plagioclase in the source.

The high iron content in trachyte, trachydacite, and
granitoids of the Aktass Complex is more characteristic
of the melting products of quartz–feldspar rocks repre-
sented by metatonalite and metagraywacke [29].

Melting of these substrates in the range of P = 4–
8 kbar leads to the formation of mid-aluminous ferru-
ginous melts due to the dehydration biotite melting
[49, 59, 65]. The formation of clinopyroxene instead
of orthopyroxene in restite at pressures of more than
8 kbar is accompanied by an increase in Mg and Al
contents in melts (ASI = 1.4–1.6) [49].

Dehydration melting of biotite at a pressure of
5 kbar or more leads to the formation of garnet [59, 65].
The high content of HREEs and Y in the studied vol-
canic rocks and granitoids indicates the formation of
melts at pressures of 5 kbar or less.

The participation of biotite in the formation of
parental melts is supported by the high concentrations
of Ba in effusive rocks and granitoids. At the same
time, trachyte and trachydacite are enriched in Eu
(Eu/Eu* = 0.9–1.6) and Sr (255–574 ppm), which
suggests the involvement of plagioclase in melting. 
Fig. 11. Variation diagrams of some major and trace ele-
ments. (a) SiO2–TiO2; (b) SiO2–Al2O3*; (c) SiO2–FeO;
(d) SiO2–MgO; (e) Ba–Rb; (f) Ba–Sr; (g) SiO2–Zr.
(1) Dyusembai association; (2) Aktass association.
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Fig. 12. The distribution spectra of rare and rare-earth elements in the rocks of the Dyusembai association, after [61]. (a) Chon-
drite-normalized; (b) normalized to the composition of the primitive mantle. (1) Effusive rocks of the Dyusembai Formation;
(2) effusive rocks of the Zhaunkar Formation; (3) granitoids of the Zhaunkar Complex.
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In turn, the depletion of granitoids of the Aktass
association in Eu (Eu/Eu* = 0.01–0.5) and Sr (24–
151 ppm) may indicate the stability of plagioclase.

Thus, the formation of parental melts for effusive
and plutonic rocks of both associations occurred via
dehydration melting of metatonalite (metagraywacke).
Differences in the composition of liquidus phases may
reflect certain differences in the sources of melts, which
is also confirmed by the isotope-geochemical charac-
teristics.

The low Nd isotope compositions of granitoids of
the Zhaunkar Complex (~830 Ma), εNd(T) from –10.8
to –11, T(Nd)(DM) = 2.5, indicate their formation
via partial melting of the Early Precambrian continen-
tal crust.

Variations in the Nd isotope composition in effu-
sive rocks and granitoids with an age of ~790 Ma
(~830 Ma), εNd(T) from –4.9 to +1.4, T(Nd)(DM) =
1.36–1.86, may reflect the addition of juvenile mantle
material to the Early Precambrian crustal source (i) or
melting of a heterogeneous source composed of rocks
with different crustal prehistory (ii). The latter variant
seems more plausible, since the calculation of the two-
component mixing model [36] showed a significant
contribution (up to 80%) of the mantle material to the
GEOTECTONICS  Vol. 56  No. 4  2022
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Fig. 13. The distribution of rare and rare-earth elements in the rocks of the Aktass association, after [61]. (a) Chondrite-normal-
ized; (b) normalized to the composition of the primitive mantle. (1) Granite of the Aktass Complex; (2) effusive rocks of the
Aktass Formation; (3) effusive rocks of the Kumola Formation.
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area of melt generation, which most likely should
have been ref lected in both the chemical and mineral
compositions of effusive rocks and granitoids of the
Aktass association.

THE TECTONIC EVOLUTION 
OF THE SOUTHERN ULUTAU 

IN THE NEOPROTEROZOIC

The data we obtained and that available indicate the
formation of the structural–material complexes of the
GEOTECTONICS  Vol. 56  No. 4  2022
pre-Vendian basement of the Southern Ulutau in the
Tonian period of the Neoproterozoic. However, varia-
tions in age estimates and isotope–geochemical char-
acteristics suggest a difference in the time and setting of
the formation of the Tonian complexes in the western
and eastern parts of the Ulutau Terrane (Fig. 15).

The reported isotope–geochemical characteristics
of felsic igneous rocks of the Dyusembai and Aktass
associations are characteristic of anorogenic-type
igneous rocks. The wide occurrence of coarse-clastic
rocks, including conglomerate with pebbles of felsic
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Fig. 14. The diagram of the evolution of the Nd isotope composition of igneous rocks of the Dyusembai and Aktass volcanic–
plutonic associations. The line of the evolution of the depleted mantle is shown (oblique line) after [24]. CHUR, homogeneous
chondrite reservoir, after [35]. (1) Rocks of the Aktass association; (2) rocks of the Dyusembai association.
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volcanic rocks and granitoids, in the overlying volca-
nogenic–sedimentary sequences of the Maityubinsk
and Bozdak groups indicates the riftogenic setting of
the formation of the complexes (Fig. 3).

Based on this, the obtained age estimates (830 and
790‒800 Ma) of the formation of two rhyolite‒granite
Table 5. A summary of the results of the Sm–Nd isotope study
associations

εNd(T) values are calculated for an age of 800 Ma.

Sample Rock Age Sm (ppm)

U-9006 Granite of the Zhaunkar 
Complex

829 0.62

U-9008 Granite of the Zhaunkar 
Complex

829 5.97

TS-1177 Rhyolite of the Aktass 
Formation

794 9.52

TS-1180 Rhyolite of the Aktass 
Formation

794 12.80

TS-1175 Granite of the Aktass 
Complex

791 6.95

TS-1176 Granite of the Aktass 
Complex

791 15.37

TS-1179 Granite of the Aktass 
Complex

791 9.18

U-9002 Granite of the Aktass 
Complex

791 8.51
associations characterize the beginning of the stage of
continental rifting.

There are no Precambrian rhyolite‒granite associ-
ations within the eastern part of the Southern Ulutau,
while the pre-Vendian basement complexes are repre-
sented by volcanic and basalt‒andesite‒rhyolitic tuff
GEOTECTONICS  Vol. 56  No. 4  2022

 of volcanic rocks and granitoids of the Dyusembai and Aktass

Nd (ppm) 147Sm/144Nd 143Nd/144Nd εNd(T) tNdDM

2.99 0.1253 0.511687 ± 4 –11.0 2513

28.6 0.1259 0.511698 ± 5 –10.8 2510

46.1 0.1249 0.512139 ± 4 –2.4 1733

58.2 0.1331 0.512215 ± 4 –1.8 1765

37.9 0.1110 0.512267 ± 5 1.4 1310

79.1 0.1175 0.512224 ± 2 –0.1 1466

46.9 0.1184 0.511983 ± 4 –4.9 1863

46.4 0.1108 0.512148 ± 5 –0.9 1483
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Fig. 15. Tectonomagmatic discrimination diagrams for the rocks of the Dyusembai and Aktass volcanic–plutonic associations.
(a) CaO/(FeO* + MgO + TiO2)–CaO + Al2O3, after [22]; (b) FeO*/MgO–Zr + Nb + Ce + Y, after [68]; (c) Y–Nb–Ce, after [24];
(d) Rb–Y + Nb, after [50]. (1) Effusive rocks of the Dyusembai and Zhaunkar formations; (2) granitoids of the Zhaunkar Com-
plex; (3) effusive rocks of the Aktass and Kumolin formations; (4) granitoids of the Aktass Complex.
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associated with terrigenous and chemogenic sedimen-
tary rocks (Fig. 3).

The differentiated character of magmatism and
other compositional patterns indicate the formation of
parental melts for this complex in a suprasubduction
setting [10]. The Nd isotope characteristics of felsic
volcanic and tuffaceous rocks (εNd from –2.0 to –2.5;
T(Nd)DM = 1.8–2.3 Ga) indicate the evolution of a
suprasubduction system on the continental crust; the
crustal complexes, including Early Precambrian ones,
were involved in the formation of melts [11].

The differentiated volcanic sequences in the east-
ern part are younger than the rhyolite‒granite associ-
ations in the western part of the terrane; their forma-
tion occurred in the second half of the Tonian, but in
the interval from ~780 to ~740 Ma [10–12].
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However, the predominance of a significant popu-
lation of nonrounded crystals with age estimates from
900 to 1100 Ma and variations in εHf(t) from –15 to
+8 in volcanic‒sedimentary rocks among grains of
detrital zircon suggests the onset of suprasubduction
magmatism at the end of the Mesoproterozoic‒begin-
ning of the Neoproterozoic [11].

Thus, the Tonian magmatism in the western part of
the terrane was associated with the processes of conti-
nental rifting, while that in the eastern part of the ter-
rane was associated with subduction processes. The
onset of suprasubduction processes at the end of the
Mesoproterozoic–beginning of the Neoproterozoic
allows us to consider the tectonic–magmatic evolu-
tion of the Southern Ulutau in the Tonian period in
the regime of an active continental margin.
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The differentiated volcanic series in its eastern part
(modern coordinates) were formed due to
suprasubduction magmatism caused by subduction of
the oceanic lithosphere.

The formation of two rhyolite–granite associations
in the western part of the Southern Ulutau occurred in
a rifting setting caused by their rearward location rela-
tive to the subduction front.

COMPARISON OF THE STRUCTURE
OF NEOPROTEROZOIC COMPLEXES 

OF THE SOUTHERN ULUTAU 
WITH TERRANES 

OF THE ULUTAU–MOYUNKUM GROUP

The Neoproterozoic felsic igneous complexes are a
characteristic structural element of the Precambrian
terranes of the Ulutau–Moyunkum group [23].

They are represented by orthogneiss (800 ± 9 Ma),
metarhyolite of the Kopin Formation (794 ± 5 Ma) of
the Kendyktas Block, and orthogneiss (789 ± 5 Ma) of
the Chuya and Atyuz (799–840 Ma) blocks within the
Chuya–Kendyktas Terrane [37, 59, 63]. In the Zheltav
Terrane, these complexes include felsic volcanic rocks
(829 ± 5 Ma) and orthogneiss (780–790 Ma) [51, 60].

The complexes of this type in the Karatau–Talas
Terrane include tuff of the Kurgan Formation (780–
760 Ma) [7, 39, 45]. In the Karatau–Dzhebagly Ter-
rane, such complexes are represented by the basalt–
rhyolite Kainar Formation and granitoids of the
Kumyst Complex (717 ± 4 Ma) [2, 3].

The Neoproterozoic igneous complexes in the
Middle Tien Shan Terrane are represented by granit-
oids of the Beshtor (893 ± 3 Ma) and Sarydzhaz
(831 ± 8 Ma) complexes, as well as felsic volcanic
rocks of the Bolshoi Naryn Formation (840–720 Ma)
[31, 56, 62].

The isotope–geochemical characteristics of the
Neoproterozoic felsic volcanic rocks and granitoids of
the Precambrian terranes of Southwest Kazakhstan
and the Middle Tien Shan allow us to classify them as
A-2-type granite and to accept the complexes of the
Early Precambrian continental crust as the major melt
source [23, 37, 51, 63]. Similar age estimates suggest
that in the Neoproterozoic, mainly in the Tonian
time, the Precambrian terranes of the Ulutau-Moyun-
kum group were part of a single continental marginal
igneous belt, in the rear part of which rifting processes
were accompanied by the formation of thick units of
felsic volcanic rocks and granitoids.
The features of the structure, composition, and age
of the Precambrian complexes make possible to con-
sider the terranes of the Ulutau–Moyunkum group as
formations related to the Tarim Craton [23] (Fig. 16).

Its structure includes, among others, the Early
Precambrian complexes (Heluositan and Tuogelake-
budake), which were the major sources of melts and
clastic material for the Proterozoic igneous formations
and terrigenous sequences [79].

The tectonomagmatic evolution of the craton in
the Neoproterozoic (Tonian period) included the
development of its northern part in the active marginal
regime [52, 53, 75, 76, 78]. At the same time, the Neo-
proterozoic evolution of both northern and southern
margins of the Tarim Craton included riftogenic
events, while they differed in ages and compositional
patterns of igneous rocks (Fig. 16).

The continental rifting on the southern margin of
the Tarim Craton was accompanied by the formation
of granitoids (Kalakashi Group) and bimodal volca-
nogenic series (Salaidzhiazitazh Group) with ages of
~900‒850 Ma, mafic and basaltic dykes (~800 Ma)
[66, 76, 77, 80]. These rifting events coincide with the
main stage of suprasubduction magmatism on the
northern margin of the Tarim (Aksu, Kuruktag),
which included the formation of andesite (908–
903 Ma) [33], granitoids, including those with ada-
kitic characteristics (830–785 Ma) [30, 41], mafic–
ultramafic intrusions, and dyke swarms in the interval
of 820–760 Ma [74].

The reverse migration of the subduction system to
the south began at the northern margin at the end of
the Tonian period [53]. These events included the
beginning of rifting processes in the back-arc region,
which was first recorded by mafic dykes with ages of
773–759 Ma [73] and subsequently led to the forma-
tion of a back-arc basin with characteristic bimodal
volcanism (740–725 Ma) [53, 71], which proceeded
until the Ediacaran.

The close age of the formation and composition of
the Neoproterozoic igneous complexes suggest that
the Precambrian terranes of the Ulutau–Moyunkum
Group and the Tarim Craton are the fragments of a
large igneous belt, which was confined to the active
NW margin of the Rodinia Supercontinent [30, 78]
(Fig. 17).

The long-term subduction of the oceanic litho-
sphere of the Panrodinian Ocean along the periphery
of the supercontinent, which began as early as the end
of the Mesoproterozoic, led to the rise of the mantle
plume in the rear parts, which contributed to the onset
Fig. 16. The correlation scheme for the structural–material complexes of the Southern Ulutau and Tarim Craton, compiled after
[30, 33, 41, 53, 58, 66, 67, 70, 72–81]. (1) Sandstone; (2) limestone; (3) quartz–feldspar shale; (4) phyllite; (5) tillite and coarse
clastic tillite-like conglomerate; (6) boulder and large-pebble conglomerate; (7) quartz shale; (8) monomineral and muscovite
quartzite; (9) ferruginous quartzite; (10) basic tuff conglomerate; (11) basalt; (12) andesite; (13) tuff of the intermediate compo-
sition; (14) rhyolite and rhyodacite; (15) felsic tuff; (16) shale and gneisse; (17) syenite; (18) carbonatite; (19) gabbro and ultra-
mafic rocks; (20) granitoids; (21) dykes of the basic composition.
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Fig. 17. Southern Ulutau and Tarim Craton in the Neoproterozoic. (a) Paleogeographic position, after [27, 30]; (b) scheme of
the tectonic evolution. (1‒3) Area of magmatism: (1) island-arc, (2) rear riftogenic, (3) back-arc riftogenic; (4) area of the passive
continental margin; (5) Central Tarim; (6) direction of subduction.
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of rifting and initiated the breakup of the Rodinia
Supercontinent [17, 40].

At the same time, the formation of rhyolite–gran-
ite associations both in the western part of the South-
ern Ulutau and on the other terranes of the Ulutau–
Moyunkum Group coincided with the stage of Tonian
within-plate magmatism at the southern margin of the
Tarim Craton (Fig. 16).
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Differentiated basalt–andesite–rhyolite magma-
tism in the eastern part of the Southern Ulutau
(~780–740 Ma) coincided with the beginning of back-
arc rifting at the northern margin of the craton (773–
759 Ma) [10–12, 73] (Fig. 16).

CONCLUSIONS

(1) Our new data on the structure, composition,
and ages of the Neoproterozoic complexes in the west-
ern part of the Southern Ulutau allowed us to identify
two rhyolite–granite volcanic–plutonic associations
in the structure of this block: Dyusembai and Aktass,
with ages of ~830 and ~790 Ma, respectively.

(2) Felsic volcanic rocks and their comagmatic gran-
itoids have geochemical characteristics of an anaro-
genic type and their parental melts were formed under
intraplate conditions and with the participation of com-
plexes of the Early Precambrian continental crust.

(3) The tectonomagmatic evolution of the South-
ern Ulutau in the Neoproterozoic occurred in the set-
ting of an active continental margin. The complexes of
the eastern part of the Southern Ulutau were formed
within an ensialic island arc, while the complexes of
the western part of the Southern Ulutau were formed
in the area of rift magmatism in the rear region.

(4) Tonian magmatism in the Southern Ulutau, as
well as in other terranes of the Ulutau–Moyunkum
group, was due to their inclusion in the basement of a
large volcanic–plutonic belt, which marked the pro-
cesses of subduction of the oceanic lithosphere beneath
the NW margin of the Rodinia Supercontinent.
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