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Abstract—Rhyolite—granite volcanoplutonic association was identified among the Precambrian basement
complexes of the Aktau—Mointy Massif, Central Kazakhstan. This association comprises rhyodacites, rhyo-
lites, subalkaline rhyolites, tuffs, and felsic volcanogenic-sedimentary rocks of the Altyn Syngan and Urken-
deu formations, as well as granitoids of the Uzunzhal Complex. U—Pb (ID-TIMS) dating of accessory zir-
cons from the volcanic rocks and granites showed that the association was formed in the Neoproterozoic
(Tonian, 925—917 Ma). The Neoproterozoic volcanic rocks and granites are the youngest Precambrian magmatic
complexes and mark the final stage in the formation of the Precambrian crust of the Aktau—Mointy Massif. In
terms of major and trace element composition, the volcanic rocks and granites resemble A-type granites, thus
indicating the within-plate settings of their formation. It was established that their primary magma could be
derived by melting of metatonalitic or metagraywacke protolith at 7> 940°C and P ~ 8—10 kbar in response
to mantle magma underplating. Sm—Nd isotope data on the volcanic rocks and granites (Tyg(DM) = 1.9—
1.7 Ma, eny(T) from —1.9 to —3.5) testify the Paleoproterozoic age of their crustal protolith. Available data
have revealed strong similarity between the Neoproterozoic tectonomagmatic evolution of the Aktau—
Mointy Massif and the Congo—Sao Francisco paleocontinent, which, with other cratons, composed the
southern Rodinia supercontinent. This suggests that the formation of the Tonian anorogenic volcanoplutonic
association of the Aktau—Mointy sialic massif was related to the global-scale divergent processes in the south-

ern Rodinia supercontinent (Congo—Sao Francisco paleocontinent).
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INTRODUCTION

The main structural plan of the Central Asian Fold
Belt (CAFB) is mainly determined by a combination
of large Precambrian sialic massifs and intervening
Paleozoic lithotectonic zones (Degtyarev and Rya-
zantsev, 2007; Degtyarev, 2012). The structure of the
massifs is traditionally subdivided into the basement,
which is made up of variably metamorphosed Protero-
zoic complexes, and unmetamorphosed Ediacaran—
Lower Paleozoic terrigenous—carbonate cover (Deg-
tyarev, 2003; Degtyarev and Ryazantsev, 2007, etc.).
The basement of many massifs is composed of high-
grade gneissic complexes and (or) weakly metamor-
phosed quartzite—schist sequences, which are
ascribed, respectively, to the Paleo- and Neoprotero-
zoic. It is suggested that the metaterrigenous quartz-
ite—schist sequences were accumulated on the passive
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shelf margin of the Rodinia supercontinent, which
also included sialic massifs of the western CAFB in the
Late Precambrian.

One more distinctive structural feature of some
Precambrian sialic massifs in the western CAFB is the
wide development of felsic volcanic rocks, which are
localized at different structural levels in the quartzite—
schist sequences of the subplatform cover, and associ-
ated granitoids. Unfortunately, available data do not
permit a sufficiently accurate estimation of their age,
as well as determination of their tectonic setting and
role in the formation of the Precambrian continental
crust of the CAFB. In this paper, the results of geo-
logical, U—Pb geochronological, geochemical, and
Sm—Nd isotope studies are presented for the pre-
Ediacaran volcanic rocks and associated granites of
the Aktau—Mointy sialic massif in Central Kazakh-
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stan, one of the largest Precambrian massifs of the
western CAFB.

GEOLOGICAL STRUCTURE
OF THE AKTAU-MOINTY MASSIF

The Precambrian Aktau—Mointy sialic massif
(Fig. 1) is located in the western part of Central Kaza-
khstan and represents the northwestern continuation
of the Precambrian Dzhungar massif. The massif
strikes in the northwestern direction for almost 800 km
at a width of 150—200 km. The Aktau—Mointy Massif
is thrust onto the Ordovician complexes of the Eremen-
tau—Buruntau zone in the southwest and is unconform-
ably overlain by Silurian terrigenous sequences of the
Agadyr zone in the northeast (Degtyarev, 2003).

The Precambrian basement of the Aktau—Mointy
Massif is made up of the greenschist-facies metamor-
phosed pre-Ediacaran terrigenous, volcanic and sub-
volcanic rocks, which are unconformably overlain by
terrigenous—carbonate sequences of the terminal Pre-
cambrian—Ordovician. The Late Precambrian
sequences are intruded by gneiss granite and granite
plutons of the Uzunzhal Complex (Avdeev et al., 1974;
Zaichkina et al., 1982; Filatova et al., 1988).

The structural plan of the eastern Aktau—Mointy
Massif is mainly defined by large anticlines, with
quartzite—schist sequences of the Kiik Group exposed
in their cores. The base of the group is composed of
weakly metamorphosed, slightly sheared mudstones,
siltstones, quartz sandstones, and carbonaceous—
clayey schists with marble lenses (Aikarly Formation
up to 2000 m thick). Upsection, these rocks grade into
quartzite-sandstones with interbeds and lenses of fine-
pebble essentially quartzite conglomerates (Aktau
Formation up to 1000 m thick). The metaterrigenous
rocks of the Kiik Group are unconformably overlain
by the volcanic rocks of the Altyn Syngan Formation
over 2000 m thick. It is mainly made up of weakly
metamorphosed coarse- and finely fluidal felsic lavas
locally transformed into porphyroids, crystal tuffs,
tuffaceous-sedimentary rocks, and subvolcanic gran-
ite porphyries. A bed of bouldery conglomerates with
quartzite pebbles is traced at the base of the Altyn Syn-
gan Formation (Avdeev, 1965; Avdeev et al., 1974).

Proterozoic stratified rocks in the western part of
the Aktau—Mointy Massif are characterized by the
higher degree of structural-metamorphic reworling as
compared to its eastern part and are usually ascribed to
the Upper Atasu Group, which includes (from bottom
upward): Urkendeu Formation of felsic volcanic
rocks, Kabantau and Aidarkharly formations consist-
ing of quartzite schists, quartzites, and felsic volcanic
rocks. The Urkendeu Formation (1000 m thick) is
formed by felsic porphyroids with horizons of brecci-
ated quartzites and quartzite schists thinning out along
strike. The Kabantau Formation (300 m thick) com-
prises schists and quartzites in its lower part (400 m
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thick) and alternation of thick units of felsic porphy-
roids and quartzites in the upper part. The Aidarkharly
Formation (300 m thick) is represented by alternation
of felsic porphyroids and quartzites (Zaitsev et al.,
1980).

Thus, the pre-Vendian stratified complexes in the
western and eastern parts of the Aktau—Mointy Massif
sharply differ in structure of their sequences and the
degree of structural-metamorphic transformation. In
the eastern part, the felsic volcanogenic sequences
occupy the highest structural position, overlying the
quartzite—schist units. In the western part of the mas-
sif, the felsic volcanic rocks are observed at the several
structural levels, which are separated by quartzite—
schist units. This explains the existence of two alterna-
tive stratigraphic schemes of the Pre-Vendian base-
ment of the Aktau—Mointy Massif. According to the
first scheme, the basement includes a single Late
Riphean felsic volcanogenic sequence, while its differ-
ent structural position in different parts of the massif is
related to the later tectonic reworking (Avdeev et al.,
1974; Avdeev and Kovalev, 1989). Large flat-lying and
recumbent folds deformed by imbricated thrusts are
inferred in the western part of the massif. This explains
the lowest structural position of felsic volcanic
sequence and repeated alternation of porphyroids and
quartz—schist sequences. An alternative scheme sug-
gests distinguishing several volcanogenic sequences at
different structural levels of the basement, which were
formed over almost entire Proterozoic (Zaitsev et al.,
1980).

Felsic volcanic sequences that occupy different
structural position in the sections of the eastern and
western parts of the Aktau—Mointy Massif basement
are similar in composition. They are represented by
coarsely and finely fluidal rhyolites and subalkaline
rhyolites. Phenocrysts are mainly represented by
quartz and perthitic orthoclase, with subordinate pla-
gioclase (<5—10%). The total content of phenocrysts
in the rocks varies from 20 to 35%. The groundmass of
the volcanic rocks is made up of micro- and fine-
grained quartz—feldspathic aggregate.

In addition to the stratified rocks, the basement of
the Aktau—Mointy Massif includes granite intrusions
of the Uzunzhal Complex (Avdeev et al., 1990; Geo-
logicheskaya karta..., 1981) cutting across the quartz-
ite—schist sequences and felsic volcanics. The largest
granite intrusions of this complex in the eastern part of
the massif are the Shumek and Uzunzhal plutons
(Fig. 1), which practically were not subjected to struc-
tural-metamorphic modifications. They consist
mainly of massive coarse-grained to giant porphyritic
biotite granites of the main phase. The rocks of the
younger phase are represented by fine to medium-
grained leucogranites developed in subordinate
amount (<5% vol %). In the western part of the
Aktau—Mointy Massif, the granites of the Uzunzhal
Complex compose the Zhamantas, and the Northern
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Fig. 1. Geological scheme of the Aktu—Mointy sialic massif. (1) Middle—Upper Paleozoic terrigenous—volcanogenic complexes;
(2) Ordovician—Silurian siliceous—basaltic and terrigenous complexes; (3) Lower Paleozoic siliceous and terrigenous complexes;
(4) Vendian—Lower Paleozoic terrigenous—carbonate cover of the Aktau—Mointy sialic massif; (5—8) basement complexes of the
massif: (5) Neoproterozoic metamorphosed felsic volcanic rocks, (6) quartzites, (7) schists, (8) Neoproterozoic granitoids of the
Uzunzhal Complex; (9) ophiolites; (10) Early Paleozoic granodiorites and monzonites; (11) Middle—Late Paleozoic granitoids;
(12) faults; (13) sampling localities for U—Pb geochronological studies and their numbers. Numbers in circles show the granite
plutons of the Uzunzhal Complex: (1) Uzunzhal, (2) Shumek, (3) Zhamantas, (4) Northern Kabantau, (5) Southern Kabantau
massifs.

and Southern Kabantau plutons (Fig. 1). We studied
the rocks of the Southern Kabantau Pluton, which was
described in detail for the first time by German and Fil-
ippovich (1987). Unlike the granites of the Uzunzhal

Complex in the eastern part of the Aktau—Mointy Mas-
sif, the granites of this pluton are strongly sheared and
locally transformed into augen blastomylonites. Its
contacts with host rocks are usually tectonic.
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It is noteworthy that the stratified basement com-
plexes and the Uzunzhal granites within the western
part of the Aktau—Mointy Massif experienced intense
structural-metamorphic evolution. This suggests that
the section of the Proterozoic stratified complexes in
this part of the massif is disturbed and corresponds to
the inverse stratigraphic succession.

ANALYTICAL

The major element composition of the rocks was
analyzed by XRF method at the GIN RAS (Moscow)
on a sequential S4 Pioneer Bruker spectrometer using
Spectra-Plus software, while the trace element com-
position was studied by ICP-MS with relative error no
more than 10% at the Institute of Mineralogy,
Geochemistry, and Crystallochemistry of Rare Ele-
ments, Ministry of Natural Resources of the Russian
Federation, Moscow.

U—Pb geochronological studies were carried out at
the IPGG RAS (St. Petersburg). Accessory zircons
were extracted using a heavy-liquid conventional
technique. Zircon crystals selected for U—Pb geo-
chronological study were subjected to a multistage
removal of surface contamination by alcohol, acetone,
and 1 M HNO;. After each stage, zircon grains were
rinsed in ultrapure water. The chemical decomposi-
tion of zircon and extraction of U and Pb were per-
formed using a modified Krogh technique (Krogh,
1972). Air-abrasion (Krogh, 1982) and preliminary acid
treatment (Mattinson, 1994) were sometimes applied to
decrease the discordance degree. Isotope studies were
carried out using 2*U—22Pb and 2*U—2%Pb mixed
isotope tracers. Isotope analyses were made on a
Finnigan MAT-261 multicollector mass spectrometer
in static and dynamic (using electron multiplier)
modes. The contents of U and Pb, as well as U/Pb iso-
tope ratios were determined accurate to 0.5%. The
procedure blanks were less than 15 pg Pb and 1 pg U.
Experimental data were processed using PbDAT
(Ludwig, 1991) and ISOPLOT (Ludwig, 1999) pro-
grams. The ages were calculated using conventional
uranium decay constants (Steiger and Jager, 1976).
Corrections for common lead were introduced in
compliance with model values (Stacey and Kramers,
1975). All errors are given at 2c level.

Sm—Nd isotope geochemical studies were carried
out at the IGEM RAS (Moscow). Sm and Nd were
extracted using technique (Larionova et al., 2007).
The Sm and Nd isotope compositions were analyzed
on a Sector-54 multicollector spectrometer in a
dynamic mode on a triple-filament ion source (Thirl-
wall, 1991). Measured '*Nd/'*Nd ratios were nor-
malized to '*Nd/'"“Nd = 0.7219 and reduced to
IBNd/"Nd = 0.511860 in the La Jolla Nd standard.
The '"¥Sm—"Nd tracer used in our studies was added
to sample aliquots (0.2—0.3 g) before chemical
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decomposition. The measurement accuracies were
+0.5% for Sm and Nd, +0.2% for '¥Sm/'*Nd ratio,
and £0.002% for '¥*Nd/'*Nd (2c). Blanks were less
than 15 pg for Sm and 50 pg for Nd.

RESULTS OF THE U-Pb
GEOCHRONOLOGICAL STUDIES

To determine the age of the Proterozoic igneous
rocks of the Aktau—Mointy Massif, U—Pb geochro-
nological studies were performed for felsic volcanic
rocks of the Altyn Syngan and Urkendeu formations as
well as for the Uzunzhal granitois cutting across them.

The Altyn Syngan Formation. Accessory zircon
extracted from weakly metamorphosed porphyritic
trachyrhyolite of the Altyn Syngan Formation (sample
AM-046, 47°45'13.20" N; 72°49'12.40" E) forms sub-
euhedral and euhedral transparent and semitranspar-
ent brown crystals of short-to long-prismatic habit.
The crystals are shaped by {100} and {110} prisms and
{122}, {111}, and {101} bipyramids (Fig. 2, I-III).
They show weakly expressed magmatic zoning; frag-
ments of zoning were also identified in the irregularly
shaped core relicts in semitransparent crystals (Fig. 2,
IV—VI). The crystal size varies from 40 to 100 um,

Four microaliquots of transparent zircon grains
taken from size fraction > 85 um and 85 + 53 pm
(Table 1, nos. 1—4) were used for U—Pb geochrono-
logical study. Two of these microaliquots were sub-
jected to preliminary air abrasion (Table 1, nos. 3—4).
Asseen from Fig. 3, the data points of untreated zircon
(Table 1, nos. 1, 2) and zircon after removal of 20% of
its material (Table 1, no. 4) define regression with an
upper-intercept age of 925 + 9 Ma (MSWD = 011)
and the lower-intercept age of 281 + 38 Ma. Some-
what older age (**’Pb/?%Pb) was determined in zircon
subjected to more pervasive (40%) air abrasion (Table 1,
no. 3), which is presumably related to the presence of
inherited radiogenic lead component. Since the mor-
phology of the studied zircon indicates its magmatic
origin, the age of 925 + 9 Ma may be interpreted as the
crystallization age of parental melts of the felsic volca-
nic rocks of the Altyn Syngan Formation.

Urkendeu Formation. Accessory zircon from por-
phyritic rhyodacites of the Urkendeu Formation
(sample AM-044; 47°58'52.50" N; 72°16'14.58" E) is
represented by subeuhedral semitransparent and
transparent brown and yellow-brown crystals of short-
and long-prismatic habit. The crystals are shaped by
{100} and {110} prisms and {111}, {101}, and {112}
bipyramids (Fig. 4, I-1V). They usually show mag-
matic zoning (Fig. 4, V—VIII). Some of them contain
both crystalline and metamict fractured cores with dif-
fuse borders (Fig. 4, VII). Crystal size is 40—200 pum,
K, =2.0—4.0.
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Fig. 2. Microimages of zircon crystals from the porphyritic trachyrhyolite of the Altyn Syngan Formation (sample AM-046) made
using an ABT 55 scanning electron microscope. (I—III) secondary electron regime; (IV—VI) cathodoluminescence regime.
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Fig. 3. Concordia diagram for zircons from weakly meta-
morphosed porphyritic subalkaline rhyolites of the Altyn
Syngan Formation (sample AM-046). Numbers of data
points in the diagram correspond to those in Table 1.

Five microaliquots (10—50 grains) of the most
transparent zircon crystals collected from size frac-
tions >100, —100 + 85, and —85 + 53 um (Table 1,
nos. 5—9) were selected for U—Pb geochronological
study. Three of them (Table 1, nos. 5, 6, 9) are charac-
terized by the least discordant age values. Their data
points define a discordia (Fig. 5) with an upper-inter-
cept age of 942 £ 67 Ma and almost zero lower inter-
cept (MSWD = 0.43). The data points of two more
microaliquots of zircon (Fig. 5, Table 1, nos. 7, 8) lie to
the right of discordia, showing the presence of older
inherited cores in them. Significant error in age of zir-
con from the porphyritic rhyodacites of the Urkendeu
Formation is related to the sufficiently compact distri-
bution of data points around the upper intercept of
discordia. Therefore, the average age calculated from
207pb /206Pb ratio for zircons, the data points of which
fit the discordia (Fig. 5, Table 1, nos. 5, 6, 9), is
regarded as the most accurate estimation of the crys-
tallization age of the studied zircons, and, correspond-
ingly, as the formation age of the volcanic rocks of the
indicated formation. This is 921 £ 5 Ma (MSWD =
1.5) and coincides within error with the upper-inter-
cept age.
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Fig. 4. Microimages of zircon crystals from the porphyritic rhyodacites of the Urkendeu Formation (sample AM-044) made on
an ABT 55 scanning electron microscope. (I—1V) secondary electron regime, (V—VIII) catodoluminescence regime.

Shumek Pluton. Zircons extracted from the biotite
granites of the Shumek Pluton (sample AM-039;
47°38'37.68" N; 73°11'34.98" E) are transparent and
semitransparent euhedral and subeuhedral light brown
and brown-pinkish crystals of prismatic, short-pris-
matic (Fig. 6, I-I1I), and acicular shapes. The crystals
show a combination of {100} and {110} prisms and
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Fig. 5. Concordia diagram for zircon from the porphyritic
rhyodacites of the Urkendeu Formation (sample AM-044).
Numbers of data points in the diagram correspond to the
ordinal numbers in Table 1.

{101}, {111}, and {112} bipyramids (Fig. 6, 1—III).
They have poorly expressed zoned structure (Fig. 6,
IV—VI). In the outer parts of many crystals, zoning is
partially disturbed by formation of “sugar” like shell
with lowered birefringence. The majority of the crys-
tals contain assimilated cores of irregular shape with
diffuse borders (Fig. 6, IV=VI), which are enriched in
dust-like and solid-phase mineral inclusions. The
crystal size varies from 50 to 150 um, K, = 2.0—3.3.

Three zircon microaliquots from size fractions
>100 pm and —100 + 85 pum subjected to preliminary
air abrasion (Table 1, nos. 10—12) were used for U—Pb
dating. Data points of these microaliquots define dis-
cordia (Fig. 7) with the upper-intercept age of 917 =
6 Ma and the lower-intercept age of —198 *+ 340 Ma
(MSWD = 1.1). Morphology of this zircon points to
its crystallization from a melt. Hence, the age of
917 = 6 Ma may be regarded as the emplacement age
of the Shumek Pluton.

Uzunzhal Pluton. Accessory zircon from biotite
granite of the Uzunzhal Pluton (sample AM-045;
47°41'27.60" N; 72°16'14.58" E) is represented by
euhedral and subeuhedral transparent and semitrans-
parent brownish prismatic and short-prismatic crys-
tals, which are shaped by {100} and {110} prisms and
{111}, {101} dipyramids (Fig. 8. I—III). Their inner
structure is determined by “thin” and sectorial zoning
(Fig. 8, IV=VI). Some crystals contain relicts of crys-
talline and metamictic cores of prsimatic and oval
shape with blurred margins (Fig. 8, IV—VI), as well as

PETROLOGY Vol.23 No.1 2015
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Fig. 6. Microimages of zircon crystals from the biotite granite of the Shumek Pluton (sample AM-039) made on an ABT 55 scan-
ning electron microscope: (I-I1I) secondary electron image; (IV—VI) cathodoluminescence image.

rims with lowered birefringence. Crystal size is 40—
100 um, K, = 2.0-2.2.

Five microaliquots of the most transparent and
euhedral zircons collected from size fractions >85 um,
—85+53 um, and < 85 um (Table 1, nos. 13—17) were
taken for U—Pb dating. Three microaliquots were sub-
jected to the preliminary air abrasion treatment (Table 1,
nos. 14, 15, 17), and one microaliquot was subjected to
the preliminary acid treatment (Table 1, no. 16). Data
points of microaliquots of untreated zircon (Table 1,
no. 13) and air-abraded and acid treated microaliquots
of zircon from fraction > 85 pum define a discordia
(Fig. 9) with the upper-intercept age of 945 + 22 Ma
and the lower-intercept age of 373+ 190 Ma
(MSWD = 0.95). Data points of air-abraded zircons
from fractions —85 = 53 um and <85 um plot to the
right of concordia, which indicates the presence of
small amount of inherited radiogenic lead. The mor-
phological features of the studied zircon indicate its
magmatic origin. Hence, age value of 945 + 22 Ma
corresponds to the formation age of the Uzunzhal
Pluton.
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Fig. 7. Concordia diagram for zircons from the biotite gran-
ite of the Shumek Pluton (sample AM-039). Numbers of
data points correspond to the ordinal numbers in Table 1.
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Fig. 8. Microimages of zircon crystals from the biotite granite of the Uzunzhal Pluton (sample AM-045) made on an ABT 55
scanning electron microscope: (I—III) secondary electron regime, (IV—VI) cathodoluminescence regime.
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Fig. 9. Concordia diagram for zircons from biotite granite
of the Uzunshal Pluton (sample AM-045). Data points in
the diagram correspond to the ordinal numbers in Table 1.

GEOCHEMISTRY OF THE VOLCANIC ROCKS
AND GRANITES

To characterize the composition of the Neoprot-
erozoic igneous rocks of the Aktau—Mointy Massif
basement, we analyzed the contents of major and trace
elements (Tables 2, 3) in the least altered volcanic
rocks of the Altyn Syngan (eastern part) and Urken-
deu (western part) formations and cross-cutting gran-
ites of the Uzunzhal Complex.

In terms of the major-element composition, the
volcanic rocks of the Altyn Syngan Formation corre-
spond to rhyodacites, rhyolites, and trachyrhyolites
(Si0, 68—76 wt %, £Na,O + K,0 7.0—8.7 wt %) of
high-K calc-alkaline series (K,0/Na,O 2.3—6.2),
while the porphyritic biotite granites and leucocratic
granites of the Uzunzhal Complex are ascribed,
respectively, to granites and subalkaline granites (SiO,
71-73 wt %, XNa,0 + K,0O 7.0-8.2 wt %), and
leucogranites (SiO, 73—74 wt %, ¥Na,O + K,O 7.8—
8.2 wt %). The albitized varieties of the porphyritic biotite
granites of the Shumek Pluton differ in the significant pre-
dominance of Na,O over K,O (K,0/ Na,O — 0.2).

In general, the volcanic rocks of the Altyn Syngan
Formation are chemically close to the granites of

PETROLOGY Vol.23 No.1 2015
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Fig. 10. Diagram ASI (Al/(Ca — 1.67P + Na + K))—SiO,
for the Neoproterozoic magmatic rocks of the Aktau—
Mointy sialic massif. (1) Felsic volcanic rocks of the Altyn
Syngan Formation; (2) granites of the Uzunzhal Pluton;
(3) granites of the Shumek Pluton. Lines separate the peralu-
minous and metaluminous rocks (Frost C.D., Frost, B.R.,
2011).

Uzunzhal Complex, which is expressed in their affil-
iation to peraluminous rocks (ASI,,, = 1.17—1.5;
ASly,, = 0.93-1.2) of high-K calc-alkaline
(K,0/NayO, 2.7-6.1; K,0/Na,O,,, = 1-2.18),
and ferroan (FeO*/(FeO + MgO),,. = 0.75—0.87;
FeO*/(FeO + MgO),, = 0.62—0.92) series (Figs. 10,
11). In addition, they show similar REE distribution
(Fig. 12) with LREE enrichment ((La/Yb), =4.3—7.2

102
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Rock/chondrite
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Fig. 11. Diagram Fe index (FeO + 0.9Fe,03)/(FeO +
0.9Fe,03 + MgO)—SiO, for the Neoproterozoic magmatic
rocks of the Aktau—Mointy sialic massif. Symbols are
shown in Fig. 10. Lines separate the fields of ferroan and
magnesian granitoids (Frost, C.D., Frost, B.R., 2011).

in the volcanic rocks and 4.4—9.5 in the granites) and
the well pronounced negative Eu anomaly (Eu/Eu*=
0.2—0.4 in the volcanic rocks and 0.23—0.35 in gran-
ites). In the multielement diagrams (Fig. 13), the con-
sidered volcanic rocks and granites exhibit sharply
expressed negative Ti, Sr, P, and Eu anomalies, the
least expressed negative Nb, Ta, and Ba anomalies and
the positive Cs, Rb, Th, and U anomalies.

| 1 1 1 1 | 1 |

La Ce

Pr Nd Pm Sm Eu Gd Tb Dy Ho Er

Tm Yb Lu

Fig. 12. REE distribution in the Neoproterozoic magmatic rocks of the Aktau—Mointy sialic massif. Symbols are shown in
Fig. 10. REE contents are normalized to chondrite composition (Sun and McDonough, 1989).
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Table 2. Content of major (wt %) and trace (ppm) elements in the Late Precambrian volcanic rocks of the Altyn Syngan
and Urkendeu formations and in the granitoids of the Uzunzhal Complex

Volcanic rocks of the Altyn Syngan and Urkendeu formations Granitoids of the Uzunzhal Complex

Component 1 2 3 4 5 6 7 8

AMO005-1 AMO007 AMO008 AMO009 AMO044 AMI139 AM141-1 AM142
SiO, 70.56 73.24 75.80 71.20 67.88 71.82 70.53 72.18
TiO, 0.39 0.30 0.19 0.36 0.47 0.251 0.35 0.30
Al,O4 13.53 13.02 11.28 13.40 14.41 13.97 14.65 13.83
Fe,0; 3.37 2.25 2.00 3.33 1.67 0.6 0.70 1.04
FeO 0.22 0.56 0.36 0.43 2.23 1.57 1.89 1.31
MnO 0.02 0.02 0.01 0.02 0.05 0.024 0.03 0.03
MgO 0.87 0.41 0.32 1.17 0.85 0.586 0.79 0.69
CaO 0.35 0.30 0.45 0.35 1.88 0.998 0.79 0.99
Na,O 2.15 2.31 1.08 1.30 2.15 2.386 2.72 2.59
K,0 6.58 6.28 6.62 5.64 4.95 5.747 5.48 5.43
P,05 0.13 0.16 0.12 0.14 0.14 0.098 0.11 0.10
LOI 1.80 1.35 1.80 2.54 2.40 1.78 1.76 1.31
Total 99.97 100.20 100.03 99.88 99.08 99.83 99.79 99.80
Sc 5.44 5.41 3.21 7.13 3.07 1.3 18.09 4.48
Ti 2109 1695 969 1914 2346 3432 2025.7 2427
\% 27 19.3 10.7 24.3 28.1 26.8 21.69 19.65
Cr 15.2 14.9 6.2 14.6 21 42.04 27.59 79.97
Rb 252 385 389 282 228.5 299.8 263.52 228.8
Sr 33 46 34 32 96 66.91 62.87 64.45
Y 35 49.1 66.8 56.6 56.1 57.41 45.43 42.7
Zr 153 195 117 151 268 537.5 220.43 158.6
Nb 10.4 10.98 10.19 10.49 12.04 18.82 9.94 10.93
Cs 16.81 23.27 11.68 14.89 6.01 10.78 4.53 3.47
Ba 673.6 329.6 226.5 571.2 912 548.4 636.21 497.6
La 31.2 354 27.6 453 50.9 83.67 50.79 39.56
Ce 74.3 86.3 61.6 97.1 111 178.7 110.2 86.86
Pr 7.84 9.03 7.63 11.11 12.9 20.13 12.49 9.41
Nd 29.7 32.3 28.4 41.3 48.2 71.42 45.03 33.71
Sm 6.12 6.71 7.13 8.8 10.2 13.02 9.11 7.1
Eu 0.72 0.49 0.52 1.05 1.27 0.97 0.99 0.67
Gd 5.58 6.32 7.92 8.69 9.22 11.48 8.39 6.86
Tb 0.91 1.16 1.56 1.44 1.47 1.8 1.41 1.23
Dy 5.58 7.57 10.2 8.83 9.08 10.82 8.66 7.7
Ho 1.18 1.62 2.04 1.85 1.89 2.2 1.8 1.55
Er 3.36 4.56 5.39 5.15 5.21 6.07 4.94 4.47
Tm 0.5 0.7 0.76 0.76 0.8 0.95 0.74 0.67
Yb 3.16 4.28 4.31 4.68 4.79 5.92 4.54 4.08
Lu 0.46 0.6 0.57 0.68 0.71 0.87 0.66 0.58
Hf 4.62 5.99 3.96 4.66 7.09 14.82 6.81 4.6
Ta 0.94 1.15 1.18 0.98 1 1.55 1.04 1.05
Pb 24.5 30.9 16.1 8.8 32.2 29.52 31.06 21.15
Th 17.27 27.38 20.48 23.36 29.1 67.54 35.82 28.28
U 3.18 3.24 4.01 3.04 3.73 6.49 3.85 3.36
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Table 2. (Contd.)
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Granitoids of the Uzunzhal Complex

9 10 11 12 13 14 15 16
AM-143 AMO12 AMO045 AMO10 AMO11 AMO19 AMO020 AMO021
73.26 72.52 71.16 74.80 74.22 71.80 72.82 72.73
0.14 0.27 0.32 0.17 0.17 0.27 0.42 0.53
14.60 12.79 13.00 11.62 11.10 12.20 13.00 12.44
0.69 1.00 2.00 0.60 2.77 1.36 1.65 0.96
0.84 1.50 1.80 0.79 1.08 1.61 1.15 1.79
0.02 0.04 0.04 0.04 0.03 0.03 0.02 0.02
0.24 0.40 0.40 0.16 0.55 0.50 1.64 0.25
0.75 1.23 1.46 0.90 0.24 1.11 0.34 0.69
2.45 4.05 2.40 2.63 2.85 3.24 6.11 5.76
5.35 4.05 5.01 5.49 5.34 5.34 1.01 1.30
0.16 0.08 0.12 0.12 0.10 0.05 0.11 0.10
1.43 0.95 1.52 1.20 1.48 2.02 1.70 2.34
99.91 99.51 99.23 99.52 99.93 99.53. 99.97 100.24
2.69 4.86 3.43 3.34 4.12 6.91 8.61 9.76

1645.67 1327 1555 728 893 1210 2173 2688
6.22 16.4 17.1 9 12.7 15.5 28.7 28.4
22.46 15.2 16 8.9 15.2 10.2 24.4 22.9
429.7 347 362.8 362 369 299 44 47.7
13.54 48 57 17 21 75 57 85
42.6 60.4 55.3 57.4 69.5 64.2 66.1 53.6
80.12 155 188 92 107 173 198 250
14.52 9.91 11.04 10 8.71 13.43 13.99 16.95
6.79 14.11 12.25 5.32 7.65 6.84 0.69 0.46
33.66 481.7 447 81.1 125.2 367.8 62.5 174.7
12.08 38.5 35.9 13.3 23.3 39.6 48.8 64.8
30.98 84.6 77.2 323 55.2 83.4 103.8 157.3
3.54 9.45 8.95 3.92 6.26 10.1 11.9 15
12.47 34.6 32.9 14.6 23.1 36.6 43.3 53
4.06 7.58 7.26 4.21 6.03 7.94 8.81 9.79
0.04 0.7 0.69 0.16 0.3 0.59 0.78 0.89
4.7 7.76 7.18 4.94 6.57 7.59 8.28 8.55
1.09 1.4 1.31 1.14 1.37 1.39 1.46 1.37
7.71 8.95 8.44 8.33 9.59 9.24 9.46 8.35
1.45 1.9 1.78 1.86 2.14 2.03 2.01 1.72
4.09 5.33 5.03 5.56 6.12 6.06 5.77 4.82
0.61 0.78 0.79 0.88 0.93 0.95 0.88 0.73
3.69 4.74 4.77 5.38 5.55 6.04 5.34 4.48
0.45 0.66 0.7 0.74 0.76 0.9 0.78 0.67
2.96 4.72 5.35 3.32 3.52 5.34 5.75 6.97
2.11 1.19 1.19 1.41 1.11 1.51 1.35 1.36
10.69 36.5 22.3 25.2 21.1 32.8 7.8 6.4
18.35 26.11 25 13.88 18.67 23.44 24.74 33.55
4.83 3.3 3.64 5.33 3.03 3.42 2.29 2.19

(1—4) Volcanic rocks of the Altyn Syngan Formation: (1—2) subalkaline rhyolites; (3—4) rhyolites; (5) rhyodacite of the Urkendeu For-
mation; (6—16) granitoids of the Uzunzhal Complex: (6—13) granitoids of the Uzunzhal Pluton; (6—8) subalkaline granites, (9, 11—13)
leucogranites; (10) granite; (14—16) granitoids of the Shumek Pluton: (14) subalkaline granite; (15, 16) albitized granites.
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Fig. 13. Multielement diagram for the Neoproterozoic magmatic rocks of the Aktau—Mointy sialic massif. Symbols are shown in
Fig. 10. The contents of minor and REE are normalized to those in primitive mantle (Sun and McDonough, 1989).

Results of Sm—Nd isotope geochemical studies of
the volcanic rocks of the Altyn Syngan Formation and
granites of the Uzunzhal Complex are shown in Table 4.
They are characterized by Tyy(DM) = 1.9—1.7 Ga
and negative values of gyy(T) (from —1.9 to —3.5).

DISCUSSION

Almost identical age and geochemical similarity
of felsic volcanic rocks of the Aktau—Mointy Massif
and granites of the Uzunzhal Complex confirm the
previous assumption that these rocks are comag-
matic (Avdeev et al., 1990; Degtyarev et al., 2008).
This makes it possible to consider the volcanic rocks
and granites as a single volcanoplutonic association,
which was formed during the Neoproterozoic
Tonian period (~920 Ma), after accumulation of
quartzite—schist sequences. It was established that
the felsic volcanic rocks of the Altyn Syngan Forma-
tion in the eastern part of the Aktau—Mointy Massif
are the youngest rocks among the Proterozoic meta-
morphic complexes and occupy the upper structural
position. The porphyroids of the Urkendeu Forma-
tion in the western part of the massif are coeval to the
felsic volcanic rocks of the Altyn Syngan Formation,
but experienced significant structural-metamorphic
reworking with formation of large recumbent folds
showing inverse stratigraphy in the overturned limbs.
The disturbance of fold structure by a series of imbri-
cated thrusts resulted in the repetition of felsic vol-

PETROLOGY Vol. 23 No. 1 2015

canic rocks and quartzite—schist sequences on the
fold limbs.

Geodynamic Typification
of the Volcanic Rocks and Granites

As already noted, the volcanogenic sequences of
the Altyn Syngan Formation of the Aktau—Mointy
Massif occupy the highest structural position in the
section of its basement and with unconformity rest on
the quartzite—schist sequences. In other words, the
emplacement of the considered volcanoplutonic asso-
ciation completed the formation of the shelf quartz-
ite—schist complexes of the Aktau—Mointy Massif
and presumably was related to the within-plate mag-
matic activity.

The petrochemical features of the Late Riphean
volcanic rocks and granites of the Aktau—Mointy
Massif (ASI,, 1.09; FeO/(FeO + MgO),, 0.82;
MALI,, 7.2) resemble those of typical within-plate
granites of the ferroan series according to (Frost C.D.
and Frost B.R., 2011) and A-type according to (Col-
lins et al., 1982; Clemens et al., 1986). The calculated
Zr saturation temperatures (780—920°C, Watson and
Harrison, 1983) indicate the high-temperature regime
of their formation, which is characteristic feature of
the anorogenic ferroan granites. Based on the high
Y/Nb (3.3—6.5), the Late Riphean volcanic rocks and
granites are ascribed to the anorogenic A-2 type gran-
ites of crustal origin (Eby, 1982).
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Sources of Parental Melts and Mechanisms
of Their Formation

The affiliation of the Neoproterozoic anorogenic
felsic volcanic rocks and granites of the Aktau—
Mointy Massif to a single volcanoplutonic association
suggests that they were derived through evolution of
compositionally similar parental melts. As seen from
Fig. 14 and Table 2, an increase of SiO, in the volcanic
rocks and granites of this association is accompanied
by the decrease of TiO,, Al,O;, FeO*, FeO* + MgO,
increase of K,O, and decrease of Rb/Sr ratio, which is
possibly caused by the differentiation of primary
melts. This implies that volcanic rocks most close in
composition to the primary melt should have the high-
est content of practically all major components
(except for SiO, and K,0), as well as Ba, Sr, and cor-
respondingly, elevated Rb/Sr ratios. The rhyodacites
ofthe Urkendeu Formation most completely meet this
requirement (Table 2, sample AM-044). In addition,
they are characterized by the highest REE content and
least differentiated REE distribution (ZREE 267,
(La/Yb), 7.2), as well as slight Eu anomaly (Eu/Eu*
0.4). On this basis, the rhyodacites may be regarded as
the least differentiated volcanic rocks of the Altyn
Syngan Formation, and hence, in first approximation,
as parental melt for the Neoproterozoic volcanoplu-
tonic association of the Aktau—Mointy Massif.

Experimental data show that melts composition-
ally similar to the rhyodacites of the Altyn Syngan For-
mation may arise by melting of biotite plagiogneisses
(metagraywackes) (Q1z(40%) + Pl(Ansy)(32%) +
Bt(25%) + Ap + Zrn + Mnz + Tur) or amphibole—
biotite orthogneisses (Pl(48.2%) + Qrz(30%) +
B1(19.4%) + Amph(1.8%) + Ep + Ap + Zrn) of tonal-
itic composition at temperature > 940°C and P = 8—
10 kbar (Skjerlie et al., 1993; Vielzeuf and Montel,
1994; Montel and Vielzeuf, 1997). An impact of a
powerful heat source on the lower continental crust is
required to produce the within-plate Neoproterozoic
magmatic rocks of the Aktau—Mointy Massif. This
source of heat could be underlplating mafic melts (hot
spot or mantle plume derivatives), which caused the
granulite-facies metamorphism and partial melting of
the lower continental crust (Ellis, 1987; Rudnick and
Fountain, 1995).

Results of Sm—Nd isotope-geochemical studies of
the volcanic rocks of the Altyn Syngan Formation and
granites of the Uzunzhal Complex (T\4(DM) = 1.9—
1.7 Ga, gny(T) from —1.9 to —3.5) indicate that their
parental melts were derived by melting of the Pale-
oproterozoic crust, possibly with a minor addition of
the younger mantle-derived material. The wide distri-
bution of thick shelf quartz-schist sequences within
the Precambrian sialic massifs of Kazakhstan and
Northern Tianshan indicates that these massifs,
including the Aktau—Mointy one, were accumulated
on a thick mature continental crust. This conclusion is
confirmed by Sm—Nd isotope-geochemical data,
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which testify that the sialic massifs of Kazakhstan and
Northern Tianshan bear significant contribution of
the Paleoproterozoic continental crust. In particular,
the Mesoproterozoic granitoids (1153—1133 Ma) of
the Makbal block, Northern Tianshan, are character-
ized by the Paleoproterozoic Nd model ages
(Tng(DM) 2.1—-1.7 Ga, Kroner et al., 2013). The
Mesoproterozoic granitoids (1150 Ma) of the
Kokchetav Massif have Tyy(DM) 2.5—-2.3 Ga (Trety-
akov et al., 2011a, Turkina et al., 2011). The Neopro-
terozoic (844—834 Ma) granitoids and orthogneisses
of the Aktyuz Block, Northern Tianshan, also have
Paleoproterozoic Nd model ages (Tyy(DM) 2.2—
1.6 Ga; Kroner et al., 2012).

Among the oldest known sialic massifs in the Pre-
cambrian complexes of Kazakhstan and Northern
Tianshan are the Mesoproterozoic granites of the
Makbal and Kochkor blocks of Northern Tianshan
(Degtyarev et al., 2011; Kroner et al., 2013) and
almost coeval granites and felsic volcanic rocks of the
Kokchetav Massif (Tretyakov et al., 2011a, 2011b;
Turkina, 2011). The older metamorphic and mag-
matic complexes at the present-day erosion surface of
the Precambrian sialic massifs of Kazakhstan and
Northern Tianshan have not been reliably established
yet. Arbitrarily, these are the metamorphic rocks of the
Aidaly (Chuya—Kendyk Tas Massif), Anrakhai
(Dzhel’tau Massif), Bekturgan (Ulutau Massif), and
Zerenda (Kokchetav Massif) groups (Rannii
dokembrii..., 1993), which are regarded as the frag-
ments of the Early Precambrian continental crust
exhumed during Early Paleozoic subduction—colli-
sional events (Maruyama and Parcinson, 2000;
Dobretsov et al., 2005; Alexeiev et al., 2011). The
aforementioned complexes are made up mainly of
two-mica, biotite, garnet—biotite paragneisses and fel-
sic orthogneisses, and, taking into account experi-
mental data (Montel and Vielzeuf, 1997; Skjerlie
et al., 1993), may be considered as possible source for
crustal granitoid melts, which were parental for mag-
matic rocks of the Neoproterozoic volcanoplutonic
association of the Aktau—Mointy Massif.

Paleotectonic Position of the Aktau— Mointy Massif
in the Late Riphean

The terminal stage in the Precambrian tectono-
magmatic evolution of the Aktau—Mointy Massif was
marked by the accumulation of shelf quartzite—schist
sequences and formation of the Neoproterozoic ano-
rogenic volcanoplutonic rhyolite—granite association.
Taking into account the unconformable deposition of
the volcanic rocks of the Altyn Syngan Formation on
the rocks of the quartzite—schist sequences, the
obtained age value of 925 + 9 Ma in first approxima-
tion corresponds to the upper age boundary of their
formation. Analogues of the quartzite—schist
sequences of the Aktau—Mointy Massif are also widely
spread in other sialic massifs of Northern Kazakhstan
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Fig. 14. Variation diagrams for the Neoproterozoic magmatic rocks of the Aktau—Mointy sialic massif. Symbols are shown in Fig. 10.

(Kokchetav, Ishkeol’mes, and Erementau-Niyaz ones),
where they are underlain by different metamorphic and
magmatic rocks. In the Kokchetav massif, the quartz-
ite—schist sequence rests on the 1136 = 4 Ma trachy-
rhyolites (Tretyakov et al., 2011a). This age estimation

constrains the lower age boundary of the quartzite—
schist sequences of the massif, which have accumu-
lated within the interval from the terminal Mesoprot-
erozoic to the beginning of the Neoproterozoic. This
is confirmed by age data on the detrital zircons from
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quartzites of the Kokchetav and Erementau—Niyaz
massifs (Letnikov et al., 2001; Kovach et al., 2014).

The fact that many sialic massifs in the western
CAFB contains the Meso-Neoproterozoic subplat-
form quartzite—schist complexes suggests that they
belonged to a single large continental block that
formed at the end of the Mesoproterozoic (Degtyarev
et al., 1998). However, the Late Precambrian mag-
matic activity was not simultaneous in different mas-
sifs. The 1150—1000 Ma-old Stenian (Kokchetav and
Ishkeol’mes massifs, western part of the Northern
Tianshan) and 800—750 Ma-old Cryogenian (Ulutau,
Chuya Kendyk Tas, Karatau-Talass, and the eastern
part of the Northern Tianshan massifs) complexes are
the widest spread among the magmatic complexes of
this age in the western CAFB. The manifestation of
the Tonian (925—920 Ma) magmatism is a distinctive
feature of the Aktau—Mointy Massif, which has no age
analogues in the western CAFB.

After termination of the Tonian magmatism in the
Ediacaran and Early Paleozoic, the Aktau—Mointy
Massif was overlain by terrigenous—carbonate cover,
with terrigenous rocks and tilloids at the base. The
cover complexes of similar composition, structure,
and age have been also formed at that time within
other sialic massifs of Kazakhstan and Tianshan, as
well as Central Mongolia. The best studied cover com-
plexes are those of the Dzabkhan Massif in Central
Mongolia, where the Upper Precambrian—Lower
Paleozoic terrigenous—carbonate cover with uncon-
formity lies on the felsic volcanic rocks of the Cryoge-
nian Dzabkhan Formation (around 800 Ma) intruded
by alkali granites with an age around 755 Ma (Levash-
ova et al., 2011; Yarmolyuk et al., 2008). The base of
the cover succession consists of tillites of the Taishir
Formation, which are overlain by the limestones of the
Tsaganalom Formation with basal zone dated at 632 +
14 Ma (Ovchinnikova et al., 2012), and Cambrian ter-
rigenous—carbonate rocks. In the Aktau—Mointy
Massif, their counterparts are the tilloids of the Kapal
Formation and the carbonate rocks of the Basagin
Group of the Ediacaran—Lower Cambrian age
(Al’perovich, 1971; Filatova, 1990; Filatova et al.,
1992).

At present, the determination of paleotectonic
position of definite continental block is mainly based
on the formation affiliation of its complexes, their age,
and results of paleomagnetic studies. Unfortunately,
the paleomagnetic data on the Precambrian com-
plexes of CAFB are fragmentary (Levashova et al.,
2011). Therefore, paleotectonic setting may be recon-
structed only from composition, structure, and age of
the Precambrian stratified and plutonic rocks.

According to the existing paleotectonic recon-
structions, continental block that included the sialic
massifs of western CAFB was a part of Rodinia in the
Late Precambrian. The assembly of this superconti-
nent was caused by the Grenville orogeny, the main
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phases of which occurred in the Mesoproterozoic
within 1300—1000 Ma (Li et al., 2008; Bogdanova
et al., 2009). The beginning of the Rodinia break-up is
regarded to be caused by the activation of the within-
plate magmatism in the middle Neoproterozoic
(around 830 Ma) (Li et al., 2008; Bogdanova et al.,
2009). The earlier Neoproterozic events, including the
within—plate magmatism of the Aktau—Mointy Mas-
sif, occurred mainly in the southern part of the Rod-
inia supercontinent (Fig. 15). In this region, the Late
Precambrian within-plate processes were expressed in
the continental rifting on the passive margin of the
Sao Francisco craton (Brito Neves et al., 1999; Cor-
rea-Gomes and Oliviera, 2000; Stern, 2008). The rift-
ogenic complexes are of Stenian age and include ter-
rigenous and volcanogenic rocks of the Espinhaco
Supergroup (Alkmim and Martins-Neto, 2012). Their
formation was accompanied by the emplacement of
layered mafic-ultramafic intrusions and tholeiitic dol-
erite dike swarm with an age of 1100—1000 Ma (Cor-
rea-Gomes and Oliveira, 2000; Angeli et al., 2004;
Tupinamba et al., 2007). The Neoproterozoic com-
plexes of the Aktau—Mointy Massif in age and compo-
sition are most close to the Tonian riftogenic com-
plexes in the western Congo Craton (West Congo
belt). During this time, quartzite—sandy and black
shale sequences were accumulated there (Zadinian
Group), after the formation of the trachyrhyolites and
alkali granites with an age of 1000 Ma (Tack et al.,
2001). The younger rocks are represented by felsic vol-
canogenic-sedimentary  sequence (Mayumbian
Group), high-K trachyrhyolites (Inga metarhyolites
with an age of 920—912 Ma), and comagmatic (924—
917 Ma) anorogenic granosyenites, monzogranites,
and granites (Tack et al., 2001).

These events were followed by the subsidence of the
western flank of the Congo Craton and the formation
of terrigenous—carbonate sequences (lower part of the
West Congo Group) (Tack et al., 2001; Kadima et al.,
2011). These events are correlated with the opening of
the Macaubas paleobasin between the Congo and
S3o Francisco cratons (Eriksson et al., 2001; Sial
et al., 2010; Pedrosa-Soares and Alkmim, 2011; Alk-
mim and Martins-Neto, 2012). In the S3o Francisco
craton, its opening was preceded by the activation of
within-plate magmatism and intrusion of tholeiitic
dike swarms with an age approximately 920 Ma
(Eriksson et al., 2001; Tupinamba et al., 2007). The
incipient opening of the basin was marked by the rift
magmatism responsible for the formation of anoro-
genic granitoid intrusions and basic rocks in the
Aracuai belt (Pedrosa-Soares and Alkmim, 2011; Silva
et al., 2008). The timing of maximum opening of the
basin is defined by the age of ophiolites (800 Ma)
(Pedrosa-Soares and Alkmim, 2011; Alkmim and
Martins-Neto, 2012). The paleobasin continued to
evolve during the entire Cryogenian, with transition
from pre-rift and rift stage to the passive margin. The
complexes of the latter are represented by the
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Fig. 15. Generalized correlation scheme of the Late Precambrian stratified and magmatic complexes of the Sao Francisco Cra-
ton, Araguai and West Congo belts, and Aktau—Mointy sialic massif. Compiled using materials of (Zaitsev et al., 1980; Besstrash-
nov et al., 1989; Filatova et al., 1992; Apollonov et al., 1999; Cérrea-Gormes and Oliviera, 2000; Eriksson et al., 2001; Tack et al.,
2001; Angeli et al., 2004; Degtyarev et al., 2003; Tupinambad et al., 2007; Degtyarev et al., 2008; Sial et al., 2010; Kadima et al.,
2011; Pedrosa-Soares and Alkmim, 2011; Alkmim and Martins-Neto, 2012; Brito Neves et al., 1999; Silva et al., 2008). (1) Con-
glomerates, (2) sandstones; (3) siltstones, (4) schists; (5) black shales, (6) quartzites, (7) quartzitic sandstones, (8) quartzite
schists, (9) limestones, (10) calcarenites, (11) dolomites, (12) phosphorites, (13) onkolitic dolomites; (14) tillites, (15) rhyolites,
trachyrhyolites, (16) felsic tuffs, (17) basalts, (18) granitoids, (19) basic dikes, (20) layered intrusions, (21) crystalline basement
complexes, (22) Paleoproterozoic complexes of the Aktau—Mointy sialic massif as inferred from Sm—Nd isotope data.

Macatibas Group in the Arauai belt and the lower part
of the West Congo Group. In the Sao Francisco Cra-
ton, their facies analogues are basal diamictitic
sequences (Jequitai Formation) and overlying terrige-
nous—carbonate sequences (Vazante Group) (Alkmim
and Marthins-Neto, 2012). Within the Aktau—Mointy
Massif, this age interval corresponds to the accumula-
tion of the Beipshin Formation, the terrigenous
sequences of which with conglomerates at the base rest
on the Tonian volcanic rocks of the Altyn Syngan For-
mation (Filatova, 1990).

The Ediacaran stage in the evolution of the Sao
Francisco and West Congo cratons is related to the
Brazilian—Pan-African orogeny, beginning of the clo-
sure of the Macatibas paleobasin (630 Ma), and for-
mation of the Araguai—West Congo orogen (580 Ma)
(Eriksson et al., 2001). The stratified complexes of this
age are represented by dolomitic and clayey—carbon-
ate sequences with tillite horizons at the lower portions
(correspondingly, the Bambui Group and the upper
part of the West Congo Group) (Tack et al., 2001; Sial
et al., 2010; Kadima et al., 2011; Alkmim and Mar-
tins-Neto, 2012). Within the Aktau—Mointy and
Dzabkhan massifs, the analogues of these complexes
are the Kopal and Basagin formations and the Tsaga-
nalom Formation, respectively.

Recently obtained data indicate the formation of
the Xu-Huai riftogenic system, which is traced by sub-
alkaline basic dikes of the Tonian (920—900 Ma) age in
the northeastern part of the North China Craton
(Peng Peng et al., 2011a, 2011b). This suggests a
genetic link between manifestations of the Tonian
plume magmatism in the Sao Francisco and West
Congo cratons, North China Craton, and the Araguai
belt, which are ascribed to the incipient break-up of
the Rodinian supercontinent (Peng Peng et al., 2011a,
2011b).

Presented data demonstrate the great similarity
between the geological evolution of the Aktau—
Mointy Massif and cratons in the southern part of the
Rodinian supercontinent, in particular, in the
Congo—Sao-Francisco paleocontinent. Thus, the
Late Precambrian evolution of the Aktau—Mointy
Massif heralds the global-scale divergent processes
within the indicated paleocontinent.

PETROLOGY Vol. 23 No. 1 2015

CONCLUSIONS

(1) The felsic volcanic rocks of the Altyn Syngan
and Urkendeu formations and granites of the Uzun-
zhal Complex of the Aktau—Mointy sialic massif are
ascribed to a single anorogenic rhyolite—granite volca-
noplutonic association, which was formed during the
Neoproterozoic Tonian period (~ 920 Ma) and com-
pleted the formation of the Precamrbian continental
crust of this massif.

(2) The anorogenic rhyolite—granite volcanoplu-
tonic association of the Aktau—Mointy sialic massif
was presumably derived by melting of the Paleoprot-
erozoc continental crust represented by meta-
graywackes and orthogneisses of the tonalitic compo-
sition at temperature more than 940°C and P = 8—
10 kbar under the impact of mantle hot spot or plume.

(3) The formation of the Tonian anorogenic volca-
noplutonic association of the Aktau—Mointy sialic
massif heralds the global-scale divergent processes
within the southern part of the Rodinian superconti-
nent (Congo—Sao Francisco paleocontinent).
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