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A B S T R A C T  
 
The Djamgyr gold deposit is located within the Neoproterozoic basement of the Middle Tien Shan terrane immediately west of 

the Talas-Fergana fault. The deposit comprises a system of auriferous quartz veins cross-cutting the Beshtor plagiogranite. The 

veins are surrounded by hydrothermal alteration aureoles and are oriented parallel to the Talas-Fergana fault. The Beshtor 

granite sampled in the vicinity of the deposit yielded a Neoproterozoic (Tonian) U-Pb zircon age of 815 ± 6 Ma, which is the 

first single grain zircon age of the Middle Tien Shan basement west of the Talas-Fergana fault. Ar-Ar dating of two mus-

covite fractions from the alteration aureoles of the auriferous quartz veins yielded ages of 804 ± 3 and 805 ± 3 Ma suggesting 

that the mineralization in the Djamgyr deposit occurred during the Neoproterozoic ca. 10 m.y. after emplacement of the 

Beshtor granite. The structural pattern of the aurif-erous quartz veins and the new geochronological data, combined with the 

results of previous structural studies, may tentatively constrain the age of pre-existing major fault possibly marking an 

inherited ter-rane boundary in the northern part of the present-day Talas-Fergana strike-slip fault. The discovery of 

Precambrian gold mineralization in the Middle Tien Shan suggests re-evaluation of the metallogenic potential of its 

Precambrian basement that occupies significant areas west and east of the Talas-Fergana fault. 
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1. Introduction 

 
The Tien Shan orogenic belt, stretching from the western deserts of 

Uzbekistan to the eastern Xinjiang in China for more than 2000 km, is known 

for its world-class ore deposits making this region the richest gold province of 

Eurasia. The majority of ore deposits in the Kyrgyz Tien Shan have formed 

during the late Paleozoic (Hercynian) evolution and final closure of the 

Turkestan (or Paleotethys) Ocean (e.g., Yakubchuk et al., 2002; 

Djenchuraeva, 2010). However, the implementation of advanced 

geochronological methods revealed older ages for several deposits, which 

increased the metallogenic potential of terranes that formed prior to middle 

Paleozoic   times   (e.g.,   Yakubchuk   et   al.,   2010;  Konopelko   et   al.,  

2014).     Although     Precambrian,     mostly     Neoproterozoic,      blocks  
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occupy significant parts of the Tien Shan (see Kröner et al., 2013 for review), 

gold mineralization in the Precambrian rocks is usually interpreted to be of 

late Paleozoic origin, while geochronologically constrained Precambrian gold 

deposits have not been reported in the whole belt until now (Rui et al., 2002; 

Nikonorov et al., 2007; Djenchuraeva, 2010; Goldfarb et al., 2014). 

The Djamgyr gold deposit is located within a large Neoproterozoic block 

in the Kyrgyz Tien Shan and comprises a system of auriferous quartz veins, 

which occur parallel to the regional scale Talas-Fergana strike-slip fault that 

was active since the late Permian (cf. Rolland et al., 2013). Our sampling and 

investigation of the deposit area was aimed to constrain the timing of motions 

along the fault and its metallogenic potential. However, the obtained results of 

Ar-Ar and U-Pb dating revealed a Neoproterozoic age of the hydrothermal 

alteration and thus gold mineralization of the Djamgyr deposit. Below we 

describe the discovery of the first Precambrian gold deposit in the Kyrgyz 

Tien Shan and discuss the metallogenic and tectonic implications on a 

regional scale. 

http://dx.doi.org/10.1016/j.oregeorev.2017.03.007
http://www.sciencedirect.com/science/journal/01691368
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mailto:konopelko@inbox.ru
mailto:d.konopelko@spbu.ru
http://dx.doi.org/10.1016/j.oregeorev.2017.03.007


2. Principal terranes of the Kyrgyz Tien Shan and geological
setting of the Djamgyr gold deposit

The Tien Shan orogenic belt formed during the late Paleozoic
collisions between the Precambrian microcontinents of Karakum
and Tarim in the south and the early Paleozoic Kazakhstan conti-
nent in the north (Zonenshain et al., 1990; S�engör et al., 1993;
Windley et al., 2007; Biske and Seltmann, 2010; Biske et al.,
2013; Burtman, 2015). The western Tien Shan in Kyrgyzstan is
composed of three tectonic units (Fig. 1): (1) the Northern Tien
Shan, the deformed margin of the Paleo-Kazakhstan continent;
(2) the Middle Tien Shan, a middle to late Paleozoic continental
arc developed at the southern margin of the Paleo-Kazakhstan;
and (3) the Southern Tien Shan, a fold and thrust belt of tectoni-
cally superimposed Paleozoic passive margin and accretionary
wedge units formed during the final closure of the Turkestan
Ocean (Zonenshain et al., 1990; Biske and Seltmann, 2010;
Burtman, 2015). Several major EW trending faults divide the Tien
Shan into a series of linear terranes. These terranes are crosscut
by the NW trending Talas-Fergana fault, which demonstrates a
total dextral offset of about 200 km and separates the western Tien
Shan terranes from the eastern terranes (Fig. 1).

The Northern Tien Shan in Kyrgyzstan and southernmost Kaza-
khstan is represented by the early Paleozoic continental magmatic
arc built up on Precambrian basement. The arc formed as a result of
subduction to the north with subsequent closure of the Terskey
Ocean and accretion of the Middle Tien Shan to the Northern Tien
Shan in the middle Ordovician (Lomize et al., 1997; Ghes, 2008;
Degtyarev et al., 2017). East of the Talas-Fergana fault, the North-
ern and Middle Tien Shan terranes are separated by the Nikolaev
Line, a late Paleozoic sinistral strike–slip fault generally following
an early Paleozoic suture. The Talas-Karatau terrane of the North-
ern Tien Shan located on the NE wall of the Talas-Fergana fault
(Fig. 1) represents a fragment of the Neoproterozoic – to early Pale-
ozoic passive margin that is less affected by the early Paleozoic col-
lisional events compared to other parts of the Northern Tien Shan
(Maksumova et al., 2001).

Prior to accretion to the Northern Tien Shan, the Middle Tien
Shan terrane developed as a southern passive margin of the Ters-
key Ocean (Ghes, 2008). A general feature of the Middle Tien Shan
is a lack of early Paleozoic granitoids. To the west of the Talas-
Fergana fault, the Neoproterozoic basement of the Middle Tien
Shan is overlain by the latest Neoproterozoic clastic sediments that
change upwards into Vendian diamictites and early Paleozoic
shales, carbonates, cherts and turbidites (Osmonbetov and Knauf,
1982). Similar geological structures point to possible tectonic links
between the Talas–Karatau terrane, the Middle Tien Shan, and the
Tarim during the Neoproterozoic to early Paleozoic (Eganov and

Sovetov, 1979). The Chatkal-Kurama volcano-plutonic belt, occu-
pying a significant portion of the Middle Tien Shan, formed in a
continental arc setting when the southern part of the Paleo-
Kazakhstan continent developed as a northern active margin of
the Turkestan Ocean during the middle and late Paleozoic (Fig. 1;
Yakubchuk et al., 2002; Burtman, 2015). Final closure of the Turke-
stan Ocean in the late Carboniferous (e.g., Mühlberg et al., 2016)
formed the Turkestan and Atbashi-Inylchek sutures separating
the Middle and Southern Tien Shan terranes.

Major ore deposits of the Northern Tien Shan in western Kyr-
gyzstan are related to early and middle Paleozoic magmatism
and include Cu-Au-Mo porphyry-type deposits, skarns and low sul-
fide Au deposits. The Middle Tien Shan west of the Talas-Fergana
fault is known for its world-class Cu-Au-Mo porphyry-type depos-
its, skarns and epithermal Au deposits associated with supra-
subduction Carboniferous and post-collisional early Permian mag-
matic pulses which formed the Chatkal-Kurama volcano-plutonic
belt (Yakubchuk et al., 2002; Nikonorov et al., 2007;
Djenchuraeva, 2010).

The Djamgyr gold deposit, which is hosted by the Neoprotero-
zoic basement rocks of the Middle Tien Shan and juxtaposed to
the Talas-Karatau terrane of the Northern Tien Shan, occurs almost
immediately SW of the Talas-Fergana fault zone (Figs. 1 and 2).
Auriferous quartz veins similar to those at the Djamgyr deposit
comprise the Korumtor deposit and a number of occurrences in
Kyrgyzstan and the adjacent territory of Uzbekistan (Nikonorov
et al., 2007; Dunin-Barkovskaya and Koloskova, 2012).

3. Geology of the Djamgyr deposit area and previous
geochronological studies

The Djamgyr gold deposit is located in the Talas range 2 km
WSW of the Karabura mountain pass and ca. 1.5 km SW from the
Talas-Fergana fault (Fig. 2). The area around the deposit is mapped
at scales of 1:50,000 and 1:25,000 (Seliverstov and Datov, 1987;
Shubin et al., 1992). The Neoproterozoic and early Paleozoic rocks
in the deposit area are strongly deformed and metamorphosed
under greenschist-facies conditions within a wide zone along the
Talas-Fergana fault. On the NE wall of the Talas-Fergana fault, clas-
tic metasediments of the Mesoproterozoic (middle Riphean) Kara-
bura and Uzunakhmat Formations in the Talas–Karatau terrane are
deformed in tight and subisoclinal folds parallel to the fault, over-
turned to the NE and cut by top-to-NE thrusts (Shubin et al., 1992;
Rolland et al., 2013). On the SW wall of the Talas-Fergana fault, in
the Middle Tien Shan terrane, deformed granites are dominant
while minor metasediments are represented by siltstones and
sandstones with subordinate volcaniclastics, cherts, carbonates
and schists of the Korumtor, Ayaterek, Yaisamtor and Chakmak
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Formations of inferred Neoproterozoic (late Riphean) to early Cam-
brian ages (Osmonbetov and Knauf, 1982; Shubin et al., 1992). In
the field the Talas-Fergana fault occurs as a thick (up to 0.5 km)
subvertical zone of variably mylonitized rocks with numerous tec-
tonic slices of various ages striking in the area of the deposit
roughly at 290� WNW.

A Precambrian age of the Middle Tien Shan basement was rec-
ognized in the early works of Sinitsin (1937), Zubtsov and Zubtsova
(1963), Makarychev and Pavlova (1967) and other authors. In the
last decades, ages in the range from 900 to 720 Ma were obtained
for granites and felsic volcanics comprising the basement (Kiselev
et al., 1993; Kröner et al., 2011, 2012; Konopelko et al., 2013). The
granites in the vicinity of the deposit in the Middle Tien Shan ter-
rane are represented by rose-grey porphyritic granites of the Muz-
bel massif of the Beshtor complex and by red granites of the
Almasay complex (Osmonbetov and Knauf, 1982). Plagiogranites
of the Beshtor intrusion, a type-locality of the Beshtor complex,
were dated in the adjacent territory of Uzbekistan and yielded K-
Ar ages in the range of 915 to 824 Ma (Ahmedov, 2000) and a
multigrain U-Pb zircon age of 859 ± 22 Ma (Rafikov and Musaev,
1995). The granites of the Almasay complex are shown on geolog-
ical maps as late Carboniferous based on a K-Ar biotite age of
285 Ma (Osmonbetov and Knauf, 1982). The geochronologically
investigated rocks from both complexes occur far outside the
Djamgyr deposit area.

In the Kyrgyz territory, the Djamgyr-type gold mineralization
was considered as related to intrusions of the late Carboniferous
or early Permian granites (Nikonorov et al., 2007; Djenchuraeva,
2010). This point of view was reflected on geological maps where
auriferous quartz veins were shown as crosscutting both the Neo-
proterozoic and the late Carboniferous granites (e.g. Seliverstov
and Datov, 1987; Shubin et al., 1992). The nearest largest example
of the Djamgyr-type gold mineralization, the Korumtor gold
deposit, is located ca. 8 km NW from the Djamgyr deposit along
the Talas-Fergana fault. Auriferous quartz veins in the Korumtor

deposit cut Neoproterozoic sediments, which were interpreted as
a roof pendant of the late Carboniferous intrusion (Djenchuraeva,
2010). However, auriferous quartz veins in the Beshtor intrusion
at the Tuyuk-Levoberezhny gold occurrence in the adjacent terri-
tory of Uzbekistan were tentatively interpreted to be similar in
age to the surrounding Neoproterozoic plagiogranites (Dunin-
Barkovskaya and Koloskova, 2012; Dunin-Barkovskaya et al.,
2012).

4. Description of the Djamgyr gold deposit and sampling

The Djamgyr deposit was discovered in the 1980s by Seliverstov
and Datov (1987). It is located on the SW slope of the Talas range at
the altitudes of 3200–3600 m a. s. l. (Figs. 3, 4, and 5a). The terri-
tory of the deposit is mapped at scales of 1:5000 and 1:2000
(Sarbagishev and Nazaraliev, 2013). The dominant rock type in
the deposit is represented by the Beshtor plagiogranite that is
crosscut by a number of quartz veins generally striking NW along
the Talas-Fergana fault (Fig. 3). The thickness of the quartz veins
varies from a few cm to ca. 1 m. Individual small veins may com-
prise a series of parallel veins with a thickness of up to 5 m.
According to Nikonorov et al. (2007), the gold mineralization is
associated with quartz veins localized within two NW striking
ore-bodies. Hydrothermal alteration aureoles in the host rocks
around individual veins and vein swarms (0.1–10 m wide) are
characterized by quartz, carbonate, muscovite and sericite, and
K-feldspar assemblages, typical for orogenic gold-lode deposits
(e.g., Goldfarb et al., 2001). The ore-body No 1 is 740 m long and
0.6–2 m wide, and the ore-body No 2 is 540 m long and 0.4–4 m
wide (Figs. 3 and 4). As uncovered by drilling and mining, the aurif-
erous quartz veins, comprising the two ore-bodies, form a rela-
tively regular system of parallel veins steeply dipping to the NE
(Figs. 4 and 5a). About 95% of the gold is represented by native gold
disseminated in quartz, while the rest occurs as inclusions in sul-
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phides such as pyrite, chalcopyrite, arsenopyrite, galena, molyb-
denite and tennantite-tetrahedrite (Nikonorov et al., 2007). Chan-
nel sampling shows a very irregular distribution of gold in the
quartz veins (Fig. 4). Native silver is also reported in the ores.
The ores can be easily treated by a gravitation-cyanidation scheme
with gold recovery of 98.4% (Nikonorov et al., 2007). The Soviet-
style ore resources of C2 category in the two ore-bodies, estimated
by Shubin et al. (1992), included 5.336 tonnes of Au, grading
12.25 g/t Au. In addition, there are ca. 6 tonnes of Ag, grading
38.56 g/t and ca. 20,000 tonnes of Mo, grading 0.14%. The pre-
mining resources of C1 category of the ore-body No 2 were esti-
mated in 2004 by Vertex-Gold Company OcOO at 0.535 tonnes of
Au grading 17.72 g/t (Nikonorov et al., 2007; Nikonorov, 2009).
The deposit is mined by Vertex-Gold Company since 2009. Accord-
ing to the ‘‘Fergana” News Agency, ca. 562 kg of Au was produced
during 2009–2013 (Ivashchenko, 2013).

In order to estimate an age of the gold mineralization, several
wall-rock samples of hydrothermal alteration aureoles around
auriferous quartz veins were collected for the detailed petro-
graphic study and subsequent A-Ar dating of the hydrothermal
micas (Fig. 5c and d). The hydrothermally altered samples from
the ore-body No 2 were collected by us from the ore storage and
represent material obtained for processing. Sample 77, which
was used for U-Pb zircon dating, was collected from a less altered

host granite, ca. 450 m SSE from the ore-body No 2 at the lower
levels of the deposit at the surface (Fig. 3).

5. Methodology and results

The methodology includes a petrographic description of the
rock samples, U–Pb zircon geochronology of the granite surround-
ing the deposit, and Ar–Ar dating of muscovite concentrates from
the ore samples. Mineral concentrates were produced at St. Peters-
burg State University. U-Pb zircon dating was performed in the
VSEGEI, St. Petersburg, Russia, and the muscovite concentrates
were dated in Lund University, Sweden. The results are presented
in Tables 1 and 2 and Figs. 5–8.

5.1. Petrographic description of sampled rock-types

The granite hosting the deposit (Sample 77) is amedium-grained
plagiogranite, consistingmainly of plagioclase and quartz as well as
minor microcline-perthite. The rock is strongly brecciated and
shows recrystallization of quartz surrounding granoblastic grains
of plagioclase and growth of sericite along fractures (Fig. 5e). A
strong limonitic and/or hematitic overprint is locally characteristic
for the granite in the area close to the sampling site of Sample 77.
Samples of the hydrothermal alteration, enveloping auriferous

Fig. 3. Detailed geological map of the Djamgyr gold deposit. Based on Sarbagishev and Nazaraliev (2013), modified by the authors.
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quartz veins (Fig. 5c and d), comprise strongly altered granite char-
acterised by the pervasive growth of new muscovite and sericite,
carbonate and quartz (Fig. 5f). Plagioclase is frequently sericitized,
and biotite is altered to chlorite. The quartz shows strong dynamic
recrystallization, and the secondary muscovite blades are often
kinked and bent, indicating syntectonic deformation under
greenschist-facies conditions (e.g., Lloyd, 1994). The rocks contain
numerous mm-size fractures, formed as a result of brittle deforma-
tion, filled with a fine-grained aggregate of quartz, carbonate and
sericite (Fig. 5g and h). In general, the described alteration patterns
comprise typical mesothermal mineral assemblages (quartz + mus-
covite + carbonate ± chlorite ± pyrite ± arsenopyrite), characteristic
of orogenic quartz vein gold deposits (e.g., Goldfarb et al., 2001;
Marushchenko et al., 2015).

5.2. Zircon U–Pb age of the host granite

Selected zircon grains recovered from Sample 77 were hand-
picked and mounted in epoxy resin together with chips of standard
zircon grains. The grains were approximately sectioned in half and
polished. Prior to analysis, zircon grains were investigated in trans-

mitted and reflected light and under a scanning electron micro-
scope equipped with cathodoluminescence (CL) detector. The U–
Th–Pb isotope analyses were made using Sensitive High-
Resolution Ion Microprobe (SHRIMP-II) in the Centre for Isotopic
Research, VSEGEI, St. Petersburg, Russia. Each analysis consisted
of four scans through the mass range. The diameter of the spot
was about 30 lm, and the primary beam current was about 4 nA.
Every fourth measurement was carried out on the zircon standard
TEMORA 1, with an accepted 206Pb/238U age of 416.75 ± 0.24 Ma
(Black et al., 2003). The Pb/U ratios have been normalized relative
to a value of 0.0668 for the 206Pb/238U ratio of the TEMORA 1 stan-
dard. The zircon standard 91,500, with a U concentration of
81.2 ppm and an accepted 206Pb/238U age of 1065 Ma
(Wiedenbeck et al., 1995) was used as a ‘‘U-concentration” stan-
dard. The data were reduced in a manner similar to that described
by Williams (1998) and references therein, using the SQUID Excel
Macro of Ludwig (2000). Corrections for common Pb were made
using the 204Pb isotope (measured 204Pb/206Pb) and the present
day terrestrial average Pb-isotopic composition (Stacey and
Kramers, 1975). Uncertainties given for individual analyses in
Table. 1 (ratios and ages) and Fig. 6 are at the 1r level, however,

Fig. 4. Geological cross-section of the Djamgyr gold deposit. Based on Sarbagishev and Nazaraliev (2013), modified by the authors.
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Fig. 5. (a) A view of the Djamgyr deposit from SE in wintertime. (b) Outcrop photograph of ca. 40 cm wide steeply dipping auriferous quartz vein in altered granite taken
underground, ore-body No 2. (c and d) Hydrothermal alteration envelopes around auriferous quartz veins from ore-body No 2 sampled for Ar-Ar dating. (e and f)
Photomicrographs of variably deformed and altered granites from alteration envelopes: (e) brecciated granite; (f) strongly altered brecciated granite with secondary sericite
and carbonate. (g and h) Fractures, formed as a result of brittle deformation, filled with a fine grained aggregate of quartz, carbonate and sericite. Photographs a and b from
Ivashchenko (2013).
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the uncertainties in calculated concordia ages (Fig. 7) are reported
at 2r level. The concordia plots were constructed using the ISO-
PLOT/EX macro (Ludwig, 1999).

The plagiogranite Sample 77 produced a datable population of
stubby prismatic zircon grains with well-shaped facets and pro-
nounced oscillatory zoning (Fig. 6). Eight zircon domains in 8
grains were analyzed. The analyzed zircon domains have U and
Th contents in the range of 169–338 ppm and relatively high Th/
U ratios >0.2 (0.57–1.11, Table. 1), typical for magmatic zircon
(Kirkland et al., 2015 and references therein). Analytical data for
Sample 77 are concordant and plot as tight clusters, for which a
206Pb/238U concordia age of 815 ± 6 Ma was calculated (Fig. 7),
which is considered as a good estimate of a crystallization age of
the Beshtor plagiogranite.

5.3.40Ar/39Ar analysis of muscovite concentrates

Muscovite crystals recovered from the alteration aureoles (Sam-
ples 78 and 79) were pre-treated to remove possible traces of
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Table 1
U-Pb analytical data and calculated ages.

Sample-spot #a Concentrations Isotope ratiosc Age (Ma)

U Th Th/U 206Pb* f206b 207Pb⁄ ±1r 207Pb⁄ ±1r 206Pb⁄ ±1r err.d 206Pb⁄ ±1r 207Pb⁄ ±1r Disc.e

ppm ppm ppm % 206Pb⁄ % 235U % 238U % corr. 238U 206Pb %

Sample 77 – granite (N 42� 11014.000 , E 71� 33003.800)
77.7.1 218 169 0.80 25.0 0.24 0.0653 2.8 1.19 3.0 0.1326 1.1 .365 803 8 783 59 -2
77.5.1 239 218 0.94 27.3 0.47 0.0666 3.2 1.22 3.4 0.1327 1.1 .319 803 8 827 67 3
77.8.1 286 254 0.92 32.9 0.30 0.0666 2.8 1.22 2.9 0.1333 1.0 .350 807 8 826 58 2
77.4.1 226 125 0.57 26.0 0.18 0.0656 3.0 1.21 3.2 0.1336 1.1 .344 808 8 793 62 -2
77.3.1 243 201 0.86 28.3 0.05 0.0672 1.9 1.26 2.1 0.1356 1.1 .492 820 8 843 39 3
77.1.1 295 275 0.96 34.5 0.19 0.0662 2.1 1.24 2.4 0.1356 1.0 .424 820 8 812 45 -1
77.2.1 299 291 1.00 35.1 0.11 0.0670 1.9 1.26 2.1 0.1364 1.0 .468 824 8 839 39 2
77.6.1 314 338 1.11 36.9 0.18 0.0655 2.0 1.23 2.3 0.1365 1.0 .437 825 8 789 43 -4

a The last two digits denote number of grain and number of analytical spot within the grain.
b f206 denotes 100⁄(common 206Pb)/(total measured 206Pb).
* Radiogenic Pb.
c Corrected for 204Pb.
d Error correlation 207Pb/235U � 206Pb/238U.
e Disc. % denotes 100⁄((1 � (age206Pb/238U)/(age207Pb/206Pb)).

100 m

Fig. 6. CL images of analyzed zircon grains from granite Sample 77. Ovals define
analytical spots. Sample and spot numbers are as in Table 1 Ages are in Ma, errors at
1r level.
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weathered material, separated by standard techniques and
selected by handpicking under a binocular microscope from the
50–200 lm size fraction. Argon was measured from at least two
different aliquots of the same concentrate. The Geochronology
laboratory at the University of Lund uses a Micromass 5400 mass
spectrometer with a Faraday and an electron multiplier. The
sample, which was loaded into a copper planchette that contains
several 3 mm holes, was step-heated using a defocused 50 W
CO2-laser. Rastering the laser beam over the sample provided uni-
form heating of all grains. An automated analytical process runs on
a Macintosh OS 10.2 platform with software customized for the
Lund laboratory. Regressions to time zero were fitted to data col-
lected from ten scans over the mass range of 36 to 40. Peak heights
and backgrounds were corrected for mass discrimination, isotope
decay and interfering nucleogenic Ca-, K- and Cl-derived isotopes.
Sanidine standard TCR (t = 28.34 Ma, Renne et al., 1998) was used,
and J values were calibrated with a precision of ±0.25%. The sam-
ples were irradiated at the Petten reactor. A step-heating age spec-
trum plot displays a plateau age interpreted to be meaningful
when the apparent age for at least three consecutive steps com-
prises a minimum of 50% of the total released 39Ar (Dickin,
2005). ISOPLOT/EX macro (Ludwig, 1999) was used to calculate
the ages and 2r errors.

Both muscovite concentrates Sample 78 and 79 yielded rela-
tively variable 40Ar/39Ar spectra with similar characteristics (Table.
2, Fig. 8). The intermediate and high-energy steps recorded a sys-
tematic increase of apparent ages. A well-defined plateau age of
804 ± 3 Ma (MSWD = 0.92), including 6 adjacent steps and 69.9%
of the released 39Ar, is assumed to be a good estimate of the geo-
logical age of the hydrothermal muscovite of Sample 78. A plateau
age of 805 ± 3 Ma (MSWD = 2.47), including 10 adjacent steps and
43.6% of the released 39Ar, obtained for Sample 79 is poorly defined
but co-insides within error limits with an age obtained for Sample

78. Finally, integrated ages of 784 ± 10 and 786 ± 3 Ma, obtained
for Samples 78 and 79, respectively, clearly show that formation
of the hydrothermal alteration and the associated gold mineraliza-
tion occurred in the Neoproterozoic (Tonian) and not in the late
Paleozoic as was previously suggested (Nikonorov et al., 2007;
Djenchuraeva, 2010). The new ages also demonstrate that the gold
mineralization (assuming a simultaneous formation of the gold
and associated hydrothermal alteration) occurred ca. 10 m.y. after
the emplacement of the host-rock granite that yielded a U-Pb zir-
con age of 815 ± 6 Ma.

6. Discussion

6.1. Tectonic implications

6.1.1. Age of the Middle Tien Shan basement
Precambrian terranes constitute more than 50% of the western

Tien Shan crust and form several relatively narrow and long blocks
separated from each other by Paleozoic orogenic belts marked with
ophiolites. Recent geochronological studies showed that some
high-grade metamorphic terranes, previously interpreted as
Archean to Paleoproterozoic basement, are much younger and con-
sist of late Precambrian rock assemblages. The two major crust-
forming events, recognized in the last decades, include 1.3–
1.1 Ga Mesoproterozoic (Tarimian or Issedonian) and 950–
700 Ma Neoproterozoic (Baikalian or Ulutau-Moyunkum) tectonic
cycles (see Kröner et al., 2013; Konopelko and Klemd, 2016 and
Degtyarev et al., 2017 for review). In the Kyrgyz Tien Shan, ages
in the range of 1.3 to 1.1 Ga are characteristic for the Northern Tien
Shan while ages in the range of 950–700 Ma were established in
the Middle Tien Shan and in the Karatau-Talas terrane
(Degtyarev et al., 2017 and references therein). In the Middle Tien

Table 2
Results of 40Ar/39Ar analysis of muscovite concentrates.

Sample Plateau age

N/Ntot Age ±2r (Ma) 39Ar (%) MSWD

78 6/13 804 3 69.9 0.92
79 10/16 805 3 43.6 2.47

Given are number of increments included in the age calculation, % of 39Ar released from the sample and included in the age calculation and Mean Square Weighted Deviation
(MSWD) for plateau age calc.
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Fig. 8. 40Ar/39Ar step-heating spectra for Samples 78 and 79. Data and results at 2 sigma.
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Shan, single grain zircon ages of 778 and 728 Ma were obtained for
deformed granites located immediately NE of the Talas-Fergana
fault ca. 200 km SE of the Djamgyr deposit (Konopelko et al.,
2013), and ages of 836, 806 and 764 Ma were reported for felsic
volcanics and granitoids outcropping several hundred kilometres
east of the Talas-Fergana fault (Kröner et al., 2013 and references
therein). Earlier, multigrain and discordant U–Pb zircon ages of
806 and 753 Ma were reported for granitoids from the Middle Tien
Shan and Talas-Karatau terrane, respectively, sampled in the
immediate vicinity of the Talas-Fergana fault ca. 150 km NW from
the Djamgyr deposit in the territory of Kazakhstan (Kozakov,
1993). These ages are compatible with four maximum depositional
ages in the range of 800 to 750 Ma, reported by Rojas-Agramonte
et al. (2014) for clastic metasediments of the Talas-Karatau terrane
in the territory of Kyrgyzstan, ca. 20 km NE of the Djamgyr deposit.
Thus, an age of 815 ± 6 Ma, obtained in this study for the Beshtor
plagiogranite, is in good agreement with published ages for the
Middle Tien Shan basement and comprises the first single grain zir-
con age reported for the basement west of the Talas-Fergana fault.
Further west the Middle Tien Shan basement is overlain by middle
Paleozoic to Cenozoic sedimentary basins, with only limited expo-
sure west of the Talas-Fergana fault. However, drilling and geo-
physical data suggested presence of buried terranes, such as the
large Syrdaria block, occupying the entire area of the western
deserts of Uzbekistan and Kazakhstan and possibly composed of
similar Meso- to Neoproterozoic formations (Degtyarev et al.,
2017 and references therein).

6.1.2. Possible age of the inherited terrane boundary in the northern
part of Talas-Fergana fault

The Talas-Fergana fault strikes across the Tien Shan structures
for ca. 1500 km from Kazakhstan to western Tarim. The dextral dis-
placement along the fault from the early Permian to present time
reached ca. 200 km in its central part based on the offset of the Tur-
kestan and Atbashi-Inylchek sutures (Fig. 1). The main shear dis-
placement along the fault occurred in the late Permian to
Triassic. The amplitude of displacement decreases from the central
part of the Talas-Fergana fault to its NW and SE terminations
(Burtman, 2015 and references therein). Several researchers
pointed out that the Talas-Fergana fault obviously inherited a
pre-existing terrane boundary. Based on different tectonic scenar-
ios of convergence and timing of collisional events to the west and
to the east of the fault, Charvet et al. (2011) and Loury et al. (2015)
proposed that during the Carboniferous the Tarim and Alai micro-
continents were separated by a major transform fault that was
later converted into an intra-continental strike-slip fault. Other
authors (e.g. S�engör et al., 1993; Burtman, 2015) suggested that
in its northern part the Talas-Fergana fault probably inherited an
early Paleozoic terrane boundary as indicated by juxtaposition of
two terranes (the Middle Tien Shan and the Talas-Karatau) that
have different early Palaeozoic geological histories and are both
overlain by similar Devonian redbeds. Voytenko and Khudoley
(2012) showed that structural patterns of the ca. 70 km-long and
8 km-wide Usunakhmat unit of the Talas–Karatau terrane, bound
to the Talas-Fergana fault in the area of the Djamgyr deposit, were
formed prior or during the early Paleozoic. They suggested that
during the late Paleozoic the fault was reactivated with displace-
ment parallel to already formed folds and thrusts of the Usunakh-
mat unit, which explains why it does not show a cross-cutting
relationship with the early Paleozoic structures. The geometry of
deformations along the Talas-Fergana fault near Karabura pass in
the immediate vicinity of the Djamgyr deposit was recently stud-
ied by Rolland et al. (2013) who showed that the granites to the
SW of the fault are cross-cut by numerous ductile to brittle shear
zones parallel to the fault and demonstrated combined dextral
and top-to-the south motion. Based on brittle-ductile deformation

of quartz and brittle strain of K-feldspar, these authors concluded
that the temperature conditions during shearing were close to
300 �C, i.e. under greenschist-facies conditions. The deformational
patterns observed on both sides of the Talas-Fergana fault in the
area of the Djamgyr deposit are in agreement with a positive
flower structure that may have formed in a transpressive regime
(Fig. 9) (Rolland et al., 2013).

The Djamgyr deposit is located ca. 1.5 km SW of the Talas-
Fergana fault within the area studied by Rolland et al. (2013).
Detailed geological cross-section (Fig. 4) clearly demonstrates that
the orientation of the auriferous quartz veins at the Djamgyr
deposit is parallel to that of the Talas-Fergana fault and perfectly
matches their expected position in the described flower structure
(Fig. 9) and may be explained by top-to-the south motions in a
transpressive regime. However, our new ages indicate that ductile
to brittle deformation of the surrounding granite, that controlled
gold mineralization at the Djamgyr deposit, had already occurred
as early as in the Neoproterozoic (Tonian), much earlier than it
was previously thought (Nikonorov et al., 2007; Djenchuraeva,
2010). Consequently, the Neoproterozoic age established for the
Djamgyr gold deposit may substantiate the former presence of a
pre-existing major fault, possibly marking an inherited terrane
boundary in the northern part of the present-day Talas-Fergana
strike-slip fault.

6.2. Metallogenic implications

Available statistics on discovery of gold deposits show that dur-
ing the last decade discovery rates of new deposits were declining
and the cost per discovery was rising steeply, bringing the whole
industry to a situation close to a zero return. This was explained
by a tendency to study ore-forming processes at the deposit scale,
despite employing a hierarchical approach from province through
district to deposit scales (Groves, 2014). The situation can be
improved by changing the nature of greenfields exploration by
evaluating each exploration target in terms of its larger scale tec-
tonic and temporal setting to assess its true potential.

A Neoproterozoic age obtained for the Djamgyr gold deposit
represents an example when a deposit scale study allows re-
evaluation of the metallogenic potential of a wider terrane. Previ-
ously, all gold deposits in the Tien Shan were considered to be
Phanerozoic in age and the absence of Precambrian gold deposits
was explained by the fact that exposed Precambrian rocks are of
relatively high-metamorphic grade and define deeper crustal levels

Karabura pass
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Fig. 4
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Phyllites, sandstones
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Fig. 9. A schematic geological transect across the Talas–Fergana fault near Karabura
mountain pass, after Rolland et al. (2013), modified by the authors.
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than those that would contain preserved Precambrian gold depos-
its (Nikonorov et al., 2007; Djenchuraeva, 2010; Goldfarb et al.,
2014). However, our recent work has already shown that some
Neoproterozoic terranes in the Kyrgyz Tien Shan may have metal-
logenic potential for ore deposits (Konopelko et al., 2014). The new
discovery of a Precambrian gold deposit in the Middle Tien Shan
suggests further re-assessment of the metallogenic potential of
its Precambrian basement that occupies significant areas west
and east of the Talas-Fergana fault (Fig. 1). However, the geody-
namic setting of the Neoproterozoic gold occurrences in the Middle
Tien Shan basement remains poorly constrained. The Yenisei Ridge
region, a late Neoproterozoic orogenic belt along the SW margin of
the Siberia craton, is perhaps the closest equivalent of the Middle
Tien Shan terrane in the Central Asian Orogenic Belt with signifi-
cant recognized gold resources formed in the late Neoproterozoic
(Goldfarb et al., 2014). Both terranes probably represented inde-
pendent blocks within the Paleotethys Ocean, subsequent to ca.
900–800 Ma rifting from their poorly constrained positions within
the Rodinia supercontinent (Cocks and Torvsik, 2007; Yakubchuk,
2017). Thus, future exploration, focused on deciphering geody-
namic settings of magmatic rocks in combination with structural
studies, may potentially result in finding of new exploration tar-
gets in the Middle Tien Shan basement.

7. Conclusions

Here we report for the first time a Neoproterozoic (Tonian) sin-
gle grain U-Pb zircon age of 815 ± 6 Ma for the Beshtor granite of
the Middle Tien Shan basement west of the Talas-Fergana fault.
Ar-Ar dating of two muscovite fractions from the hydrothermal
alteration aureoles of the auriferous quartz veins of the Djamgyr
gold deposit hosted by the Beshtor granite yielded ages of
804 ± 3 and 805 ± 3 Ma indicating that the hydrothermal alteration
and thus the ore-formation in the Djamgyr deposit occurred during
the Neoproterozoic, ca. 10 m.y. after the emplacement of the Besh-
tor granite. The structural pattern of the auriferous quartz veins
and the new geochronological data, combined with the results of
previous structural studies, may tentatively constrain the age of
pre-existing major fault possibly marking an inherited terrane
boundary in the northern part of the present-day Talas-Fergana
strike-slip fault. The recognition of the Precambrian gold mineral-
ization in the Middle Tien Shan suggests a re-assessment of the
metallogenic potential of its Precambrian basement that occupies
significant areas west and east of the Talas-Fergana fault.
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