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Abstract—The LA–ICP–MS U–Pb age was determined for the first time for zircon from granodiorites–
granites of the Sardara (Sarykty) intrusive in area of the giant Muruntau gold deposit in Western Tien Shan
(Uzbekistan). Three crystal groups were identified in a combined sample: their concordant U–Pb age is
322.0 ± 3.7 (four grains), 301.6 ± 2.1 (11 grains), and 289.5 ± 4.9 Ma (two grains) (MSWD = 3.1, 0.17, and
0.98, respectively). The dispersion of the isotopic age can be explained using a model of a successive crystal-
lization of different zircon generations in magmatic chambers at various depths and their further entrapment
upon differentiation/crystallization of new magma portions. The similarity of two (youngest) age intervals
with concordant U–Pb ages previously published for zircons of granitoid rocks directly at the Muruntau
deposit is noteworthy. The latter ages could thus represent dike branching at the corresponding stages of evo-
lution (progressive differentiation) of deeper sources of granitoid magma, the larger intrusions of which
include Sardara (Sarykty) and other plutons exposed at some distance from the deposit. The older U–Pb iso-
topic ages of zircons from granitoids of the Sardara (Sarykty) pluton (~322 and 302 Ma) generally correspond
to the subduction stage, whereas the youngest zircons (~289.5 Ma) correspond to the postcollision stage of
the region. The origination and initial evolution of the magmatic sources in area of the Muruntau deposit
could thus occur under subduction conditions; however, the final differentiation and crystallization of gran-
itoid magma has finished at the postcollision stage.
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INTRODUCTION

Igneous rocks in the area of the Muruntau gold
deposit had long been and remain in the focus of study
of the genesis and evolution of the magmatic-hydro-
thermal system of this largest ore object, the reserves
and resources of which exceed 6000 t Au [1–3]. At the
same time, the known isotopic ages of rocks are few in
number and contradictory, although these determina-
tions are of primary importance for the elaboration of
the corresponding models of the formation and evolu-
tion of this complex multistage deposit.
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The Muruntau deposit is located in the western
part of the Tien Shan orogenic metallogenic belt,
which is extended along the Late Paleozoic active con-
tinental margin of the Kazakhstan–Tien Shan Paleo-
continent (Fig. 1) [4]. The terranes of the passive mar-
gin of the Turkestan Paleoocean, which divided this
paleocontinent from the continental blocks of the
Tarim and Karakum cratons, were accreted to this
margin from the south; the closure of the paleoocean
occurred in the Late Carboniferous. In the western
part of the southern Tien Shan, these terranes form
the Nuratau–Kyzylkum segment, in which the Neo-
proterozoic metamorphic sequences are overlapped by
the Early Paleozoic (Ordovician–Silurian) clastic and
flyschoid sediments of the passive margin [5]. The
area of the deposit is characterized by Late Carbonif-
erous–Early Permian magmatism including postcolli-
sion plutons and dikes of calc-alkaline to subalkaline
granitoids, as well as lamprophyres [1‒3, 5‒7]. This
magmatism is responsible for the corresponding pro-
longed stage of the formation of this deposit, although
3
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Fig. 1. Scheme of the Late Paleozoic metallogenic belt of Tien Shan. 1, Faults of different orders; 2, Late Paleozoic active conti-
nental margin (Central Tien Shan); 3, continental blocks of the basement of the Tarim and Karakum cratons; 4, terranes of the
accretionary wedge thrust on the passive continental margin with a possible cratonic basement; 5 (a) main and (b) subordinate
gold deposits; 6, W deposits; 7, Sn deposits; 8, (a) main and (b) subordinate porphyry Cu–Mo and Au–Cu deposits; 9, state
boundaries. 
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this long process is probably not limited solely by mag-
matism [8].

This deposit contains small stocks of monzodio-
rites–monzonites (described in some publications as
subalkaline diorites–subalkaline quartz diorites of the
Myutenbai and other stocks), dikes of felsic rocks
(quartz monzonite porphyries and monzogranite por-
phyries described in some publications as syenite- and
granosyenite porphyries), apophyses of leucogranites–
alaskites of the larger Murun pluton (exposed by an
ultradeep SG-10 borehole at a depth of 4.0–4.2 km),
and various dikes of mafic and intermediate rocks
including monzogabbro and monzodiorite porphyries
and lamprophyres. The monzodiorites–monzonites
are typically considered the earliest rocks; however,
they predated the Fe–Mg–K (mostly biotite to
quartz–feldspar–biotite) metasomatites with dissemi-
nated, locally, abundant pyrrhotite, but with a minor
Au content. The leucogranites–alaskites of the Murun
pluton intrude these metasomatites and contain their
xenoliths. The dikes of quartz monzonite porphyries
and monzogranite porphyries intrude the early almost
barren quartz veins, but predate or accompany gold-
bearing metasomatites (with abundant K-feldspar) of
the main (early) productive stage. The latter, in turn,
DO
predate the late dikes of mafic and intermediate rocks
(including lamprophyres), after the intrusion of which
the metasomatites with abundant albite and gold-
polymetallic mineralization formed.

The area of the Muruntau deposit, at a distance
from the ore zones, exposes much larger granitoid plu-
tons (Fig. 2), the rocks of which are often considered
part of the igneous association of this deposit with
their possible correspondence to some rock varieties
(magmatic differentiates), which at the deposit
include only small stocks and dikes. The U–Pb ages of
zircons are measured for some plutons, in particular,
324‒277 Ma (293.5 ± 4.9 Ma, on average) for the
Aristantau pluton and 287.7 ± 1.4 Ma for melanocratic
granite, 293.3 ± 2.2 for porphyry granite, and 289.3 ±
3.6 Ma for leucocratic granite of the Tamdytau pluton
[7]. The Sardara (Sarykty) pluton of granodiorites–
granites is exposed ~15 km to the south from the
deposit and is the nearest to it. The Rb–Sr isochrone
age of the granitoids is 286.2 ± 1.8 Ma [9]. The U–Pb
age of zircon from rocks of this pluton, however, was
absent, which hampered the corresponding correla-
tion. We filled this gap for the first time.
KLADY EARTH SCIENCES  Vol. 512  Part 1  2023
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Fig. 2. Location of large intrusives in the area of the Muruntau deposit after [3] (the age of plutons is after [7]). 1, Intrusives;
2, gold deposits; 3, faults. 
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For the U–Pb isotopic dating, a sample of gran-
odiorite–granite was taken from the drill core of a
prospecting borehole (no. 15) at a depth of 40 m below
the erosion surface. The granodiorites–granites of the
pluton are the leucoratic medium-grained porphyritic
rocks composed of rare amphibole (0–5 vol %), sub-
ordinate biotite (5–10 vol %), and dominant pla-
gioclase (30–40 vol %), K-feldspar (30–35 vol %),
and quartz (30–35 vol %). Typical large (1–3 cm
across) phenocrysts of K-feldspar (orthoclase) com-
prise 5–10 vol %. The accessory minerals include
titanite, apatite, zircon, and the ore mineral. The
composition of major oxides and trace elements of
rocks is given in Table 1, according to which the gran-
itoids are characterized by higher contents of K, Ba
(617 ppm), and Sr (259 ppm), moderately higher con-
tents of Rb (187 ppm), Zr (190 ppm), and Nb (22 ppm),
a noticeable enrichment in light rare earth elements,
and a clear Eu minimum.
DOKLADY EARTH SCIENCES  Vol. 512  Part 1  2023
ANALYTICAL METHOD

The U–Pb isotopic studies of zircon crystals were
conducted at the Center for Multielemental and Isoto-
pic Studies, Institute of Geology and Mineralogy,
Siberian Branch, Russian Academy of Sciences (IGM
SB RAS, Novosibirsk, Russia), using an Element XR
high-resolution mass spectrometer (Thermo Fisher
Scientific) with an Analyte Excite excimer laser abla-
tion system (Teledyne Cetac) equipped with a HelEx
II two-chamber cell. The morphology and internal
structure of the zircon grains were studied in cathodo-
luminescent images. The analytical parameters of the
mass spectrometer were optimized to achieve a maxi-
mum intensity of the 208Pb signal at a minimum
248ThO+/232Th+ value (<2%) using the NIST SRM612
standard. All measurements were carried out by the
202Hg, 204(Pb + Hg), 206Pb, 207Pb, 208Pb, 232Th, and
238U masses. The analysis was conducted in the E-scan
regime. The signals were detected in a counting regime
for all isotopes except for 238U and 232Th (triple
regime). The diameter of the laser beam was 30 μm,
the frequency of pulse repetition was 5 Hz, and the
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Fig. 3. Cathodoluminescent images of zircon crystals from granodiorites–granites of the Sardara (Sarykty) pluton. Circles indi-
cate areas of isotopic dating; the point numbers correspond to those in Table 2.
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Table 1. Content of major oxides and trace elements in a gra-
nodiorite–granite sample of the Sardara (Sarykty) pluton

The content of components was analyzed using the X-ray f luores-
cent method (major oxides), volumetric method (FeO), and
ICP-MS (trace and rare earth elements) in the laboratory of the
Central Research Institute of Geological Prospecting for Base and
Precious Metals (Moscow, Russia).

wt % ppm ppm ppm

SiO2 69.42 Ba 617.2 Mo 2.43 Pr 7.02
TiO2 0.46 Sr 259.0 W 3.15 Nd 27.3
Al2O3 14.60 Co 8.18 Cs 6.19 Sm 6.83
Fe2O3 1.34 Ni 10.1 Hf 5.23 Eu 1.02
FeO 2.86 V 50.6 Ta 2.15 Gd 5.90
MnO 0.05 Cr 28.7 Th 22.6 Tb 0.94
MgO 0.73 Rb 187.0 U 9.30 Dy 5.03
CaO 2.37 Be 3.84 Cu 29.3 Ho 0.93
Na2O 4.00 Zr 190.3 Zn 30.2 Er 2.54
K2O 4.07 Nb 22.4 Pb 28.2 Tm 0.40
P2O5 0.10 Y 22.6 La 35.4 Yb 2.45
LOI 0.95 Sn 5.10 Ce 54.5 Lu 0.31
Total 100.95
energy density of laser radiation was 3 J/cm2. The mass
spectrometric measurements (including calculation of
the isotope ratios) were processed in the Glitter pro-
gram [10]; 235U was calculated from 238U on the basis
of a 238U/235U ratio of 137.818 [11]. To account for the
elemental and isotopic fractionation, the U–Pb ratios
were normalized on the corresponding values of the
isotope ratios of the Plesovice standard zircons [12].
The diagrams with concordia were plotted in the Iso-
plot program [13]. The quality was controlled by the
Temora-2 standard zircon [14] with an age of 413 ±
3 Ma (2σ, n = 9).

RESULTS

The zircon crystals in the studied granodiorite–
granite sample of the Sardara (Sarykty) pluton are
transparent, light pink, well faceted, tabular and elon-
gated prismatic individuals 100–200 μm long with an
elongation coefficient of 1.5–2.0 to 3–4 (Fig. 3). In
CL images, most crystals exhibit an azoned prismatic
core and a fine-zoned rim of various sizes. The U–Pb
ages were measured for 17 zircon grains (Table 2, Fig. 3),
DOKLADY EARTH SCIENCES  Vol. 512  Part 1  2023
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Table 2. Results of U–Pb isotopic studies of zircon of granodiorites–granites of the Sardara (Sarykty) pluton

Rho, correlation coefficient of errors of isotope ratios. D, discordance.
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1 97 2345 0.21 0.33172 1.5 0.04592 1.2 0.82 291 8 289 7 0.5
2 199 4627 0.15 0.34333 1.4 0.04768 1.2 0.88 300 7 300 7 –0.2
3 389 8952 0.15 0.34622 1.3 0.04808 1.2 0.90 302 7 303 7 –0.3
4 172 3743 0.18 0.37506 1.4 0.05098 1.2 0.87 323 8 321 8 0.9
5 150 3527 0.13 0.34019 1.4 0.04716 1.2 0.86 297 7 297 7 0.1
6 231 5252 0.17 0.35161 1.4 0.04867 1.2 0.88 306 7 306 7 –0.1
7 216 4992 0.19 0.34316 1.4 0.04796 1.2 0.87 300 7 302 7 –0.8
8 79 1700 0.24 0.37509 1.5 0.05105 1.2 0.83 323 8 321 8 0.8
9 50 1193 0.21 0.33204 1.7 0.04583 1.2 0.74 291 9 289 7 0.8

10 191 4368 0.11 0.34996 1.4 0.04826 1.2 0.89 305 7 304 7 0.3
11 151 3475 0.13 0.34416 1.4 0.04807 1.2 0.86 300 7 303 7 –0.8
12 204 4702 0.20 0.34767 1.4 0.04783 1.2 0.86 303 7 301 7 0.6
13 241 5583 0.19 0.34379 1.4 0.04765 1.2 0.87 300 7 300 7 0.0
14 83 1925 0.19 0.34401 1.5 0.04765 1.2 0.80 300 8 300 7 0.0
15 143 3067 0.30 0.37544 1.4 0.05129 1.2 0.86 324 8 322 8 0.4
16 188 4307 0.21 0.35035 1.4 0.04820 1.2 0.86 305 8 304 7 0.5
17 161 3488 0.21 0.37333 1.4 0.05109 1.2 0.85 322 8 321 8 0.3
which have higher contents of Th (248‒1314 ppm) and
U (1193‒8952 ppm) and low Th/U ratios (0.11‒0.30)
(Table 2). A broad range of U–Pb concordant ages is
identified for 17 zircon grains with three generations
evident, the U–Pb ages of which are 322.0 ± 3.7 (four
grains), 301.6 ± 2.1 (11 grains), and 289.5 ± 4.9 Ma
(two grains) (MSWD = 3.1, 0.17, and 0.98, respec-
tively) (Fig. 4).

DISCUSSION
The range of U–Pb ages can be interpreted using a

model of successive crystallization of different zircon
generations in magmatic sources at various depths and
their further capture upon differentiation and crystal-
lization of new magma portions with the formation of
new generations of this mineral in intrusive rocks [15].
According to this model, the “autocrysts” are zircon
crystals that crystallize from the final and most differ-
entiated portions of the magmatic melt; they are char-
acterized by the youngest age. In contrast to them, the
“antecrysts” are zircon crystals that crystallize in
intermediate magmatic sources and chambers; they
are characterized by a slightly older age, which is
responsible for the dispersion of concordant U–Pb
ages and corresponds to the successive evolution of a
large long-lived source of partly crystallized magma
(crystal mush magma) during its stagnation or trans-
DOKLADY EARTH SCIENCES  Vol. 512  Part 1  2023
portation to deeper crustal levels. Finally, rare
“xenocrysts” are zircon crystals that were trapped
from older substrate rocks upon their partial or full
melting.

The zircon crystals with a U–Pb age of ~322 and
~302 Ma, which probably indicate the presence of
successively crystallizing magmatic source (or a series
of sources) of granitoid magma at deeper levels, could
thus be ascribed to “antecrysts” in the studied gran-
odiorites–granites of the Sardara (Sarykty) pluton
(Fig. 5a). Further, under conditions of intrachamber
fractional differentiation and partial remelting, this
deeper (peripheral) magmatic source could yield por-
tions of more differentiated magma to higher levels,
where it finally crystallized. Under these conditions,
the “autocrysts” (zircon crystals with the youngest
U–Pb age of ~289 Ma) could have formed in the stud-
ied rocks with older “antecrysts.” The age of ~289 Ma
corresponds to the Rb–Sr age of the studied rock
(~286 Ma [9]), as well as the youngest U–Pb ages of
other granitoid plutons in area of the Muruntau
deposit (~293‒288 Ma [7]).

The similarity of the U–Pb ages of two (youngest
~302 and ~289 Ma, respectively) zircon generations
from granodiorites–granites of the Sardara (Sarykty)
pluton with the concordant U–Pb ages previously
measured for monzonite porphyries (303.3 ± 3.4 Ma)
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Fig. 4. Diagram with concordia for zircons from granodiorites–granites of the Sardara (Sarykty) pluton. Thin solid ellipses are
the results of single analyses; the dotted ellipses correspond to concordant values in the group of analyses. The errors of single
analyses and calculated concordant ages are given at the level of 2σ. 
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and Murun leucogranites–alaskites (291.9 ± 2.3 Ma)
at the Muruntau deposit is noteworthy, although the
reliability of the latter ages was doubtful because of the
high U content of zircon, which was interpreted as
indicating a postmagmatic (hydrothermal) origin of
this mineral [7]. Small dikes and apophyses of granit-
oid rocks, which occur at this deposit, could thus be
dike branchings at corresponding stages of evolution
(progressive differentiation) of sources of granitoid
magma of different depths, the larger intrusions of
which include Sardara (Sarykty) and other plutons
exposed at some distance from the deposit (Fig. 5a).
Our U–Pb ages of intrusive rocks are thus slightly
older than most isotopic age determinations of ore-
bearing metasomatites and ore minerals of the
Muruntau deposit (Fig. 5b), in particular, those for
arsenopyrite of an early (?) gold-bearing assemblage
(from 287.0 ± 2.5 to 295.4 ± 6.1 Ma according to the
Re/Os method [16]), as well as those for scheelite
(279 ± 18 Ma according to the Sm/Nd method [17]).
A series of close isochrone Rb–Sr ages (272.6 ± 3.8 Ma,
on average) was determined for quartz–K-feldspar
metasomatites with arsenopyrite, scheelite, and native
gold, which are crossed by a lamprophyric dike [9].
The isotopic ages of the most productive metasoma-
tites of this deposit analyzed by different methods
therefore lie in the range of 295‒272 Ma, which, even
taking into account the analytical error, coincides with

the suggested latest stage of crystallization of granitoid
rocks of the Sardara (Sarykty) pluton. This is also in
accordance with overprinted metasomatites of most
productive gold-bearing stage of the formation of the
deposit on dikes of monzonite porphyries, which are
probably the derivatives of slightly earlier (deeper?)
sources of granitoid magma.

The graintoid dikes associated with the Sardara
(Sarykty) pluton are crossed by late dikes of mafic por-
phyritic rocks. These dikes are younger, which is sup-
ported by their isotopic age. In particular, the iso-
chrone Rb–Sr age of a dike of lamprophyres (kersan-
tites) is 273.0 ± 3.0 Ma (87Sr/86Sr = 0.7082) [9],
whereas the K–Ar age of biotite from other dikes of
monzodiorite porphyries and lamprophyres ranges
from 247 ± 2 to 256 ± 7 Ma [18]. A similar 40Ar‒39Ar
age was identified for one of these dikes (251.9 ±
1.5 Ma [19]), which was however interpreted as the age
of hydrothermal alteration of this dike. These changes
could correspond to a later productive (gold–arseno-
pyrite–bismuth–telluride or gold-polymetallic) stage
related to quartz–albite–sericite–chlorite metasoma-
tites (Fig. 5b). The ages of these mostly albite metasoma-
tites vary from 257 ± 13 and 230.2 ± 3.5 Ma (Rb–Sr
method [8]) to 245 Ma (40Ar‒39Ar age of sericite [9]).

Our U–Pb ages of zircons from rocks of the
Sardara (Sarykty) pluton, which are correlated with
DOKLADY EARTH SCIENCES  Vol. 512  Part 1  2023
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Fig. 5. Idealized model of distribution of different zircon crystal generations (including “antecrysts” and “autocrysts”) in a series
of successively formed magmatic sources at various depths (a) and the metallogenic scheme showing isotopic ages (Ma) of mag-
matic and hydrothermal stages of the formation of the Muruntau deposit (b). The isotopic ages of zircons from igneous rocks of
the area of the Muruntau deposit are given from works [3, 7, 9, 16, 19]. (1) Mineralized zone of the Muruntau deposit; (2) apoph-
yses and dikes of leucogranites-alaskites of the Murun pluton; (3) dikes of monzonite- and monzogranite porphyries; (4) possible
dikes and stocks of less differentiated igneous rocks; (5) Sardara (Sarykty) pluton of granodiorites–granites; (6) zircon
“autocrysts”; (7) older zircon “autocrysts” and “antecrysts” including relics in core parts of crystals.
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the postgranite age of the main ore stage at the
Muruntau deposit, are interesting for the revealing the
position of potential ore-bearing magmatism in the
geological evolution of the region. It is generally
accepted that the transition from subduction (caused
by convergence of the Kazakhstan and Tarim conti-
nents) to the postcollision stage in the Late Paleozoic
occurred in Tien Shan at the very beginning of the Perm-
ian (Asselian Stage of the Early Permian ~295 Ma) [20].
With a typical short period after the subduction pro-
cesses, the region was thus affected by Early Permian
postcollision magmatism mostly dated at 295‒280 Ma
and characterized by intrusion of numerous granitoid
plutons [5, 6]. The older U–Pb isotopic ages of zircon
DOKLADY EARTH SCIENCES  Vol. 512  Part 1  2023
from granitoids of the Sardara (Sarykty) pluton
(322 and 302 Ma) are therefore closer to the subduc-
tion stage, whereas the youngest zircons (289 Ma) cor-
respond to the postcollision stage. Thus, the origina-
tion and initial evolution of magmatic sources in area
of the Muruntau deposit occurred in subduction con-
ditions, whereas the final differentiation and crystalli-
zation of granitoid magma finished at the postcollision
stage. This postcollisional stage probably corresponds
to the age of the formation of the main abundance of
gold ores at the deposit. As a result, long evolution of
the magmatic-ore system in transitional subduction–
postcollision conditions is probably a distinctive fea-
ture of this giant deposit.
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