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A B S T R A C T

The Tien Shan Belt extends for over 2500 km, from western Uzbekistan, through Tajikistan, Kyrgyzstan and
southern Kazakhstan to western China, and represents a part of the Altaid Orogenic Collage. The Tien Shan is one
of the largest gold provinces on Earth and hosts several world-class gold deposits. The Turkestan-Alay and
Southern Fergana regions, located within the South Tien Shan, host an important Hg–Sb mineral province with
proven reserve of over 5 Mt Sb and 0.8 Mt Hg. In Soviet times, during the intensive study and exploitation of the
mercury-antimony deposits, increased gold content of these ores has been noted. But the focus on only the main
ore components (Hg-Sb), as well as the absence of “working” exploration geological and genetic models of Carlin
type deposits, did not allow to fully assess the gold potential of the ore belt. Meanwhile, gold exploration in the
region during the past two decades has identified a few deposits, now recognized as Carlin type. The studied
Chauvai and Kadamzhai Hg-Sb deposits belong to the central part of the South Fergana antimony-mercury belt
and, together with other Hg-Sb deposits (Abshyr, Khaidarkan), form a large ore province. They are located in the
northern arms of the Alay ridge extending along the southern flank of the Kauzan antiform. The South Fergana
antimony-mercury belt is commonly associated with the North-Katran regional deep fault (located between the
southern edge of the Fergana depression and the foot of the Alay and Turkestan ridges). The host rocks are
represented by alternating grey inequigranular gradational-layered sandstones, gravel, associated with sand-
stones by gradual transitions, and dark-grey carbonaceous siltstones, enriched in organic matter. Gold miner-
alization is confined to the main contact of the Tolubai Formation and Alay limestone. The rocks of the Tolubai
Formation and Alay limestones have undergone pervasive hydrothermal alteration near the “main contact”.
Based on the study of host rocks, three main types of gold-associated alteration have been recognized, such as
jasperoides, decarbonatization, and sulfidization. Mineral composition of the Kadamzhai and Chauvai deposits is
similar to gold deposits located in Nevada and Guizhou province. These deposits contain both Au and Sb-Hg. The
main minerals in gold ore are pyrite, marcasite, arsenopyrite, orpiment, and realgar. The Sb-Hg ores are re-
presented by cinnabar and stibnite. Deposits contain invisible gold (no observed native gold) associated with
arsenic, antimony, mercury, and thallium, and have high gold-silver ratios. The distribution of gold is structu-
rally controlled and is disseminated in the wall rocks. Structural settings for gold mineralization at the
Kadamzhai and Chauvai deposits are transpressional regime. Based on geology, geochemical signatures and
mineral composition of the Kadamzhai and Chauvai deposits that these deposits can be classified as Carlin type.

1. Introduction

The Tien Shan Belt extends for over 2500 km, from western

Uzbekistan, through Tajikistan, Kyrgyzstan and southern Kazakhstan to
western China, and represents part of the Altaid Orogenic Collage
(Sengör et al., 1993; Sengör and Natalin, 1996; Yakubchuk, 2004) of
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central Eurasia (Fig. 1). The Tien Shan Gold Province coincides with a
Paleozoic fold and thrust belt hosting numerous mesothermal gold
deposits (Mao et al., 2004). It has undergone activation and orogenesis
in the Alpine time and has become a part of the Himalayan orogenic
belt formed by the Cenozoic collision of the Indian and Eurasian plates
it is a hot spot for gold mining companies.

The Tien Shan is one of the largest gold provinces on Earth and hosts
several world-class gold deposits (Fig. 1c) (Seltmann et al., 2003).
Muruntau in Uzbekistan is the largest gold resource in Eurasia (ori-
ginally containing 5400 tonnes (175 Moz) of gold at an open pit re-
covered grade of 3.4 g/t Au), and Kumtor in eastern Kyrgyzstan is one
of the world’s 10 largest gold mines (550 tonnes (17.5 Moz), of Au
grading 2–6 g/t Au) (Yakubchuk et al., 2002; Mao et al., 2004; Porter,
2006).

The Turkestan-Alay and Southern Fergana regions in the South Tien
Shan Orogen form an important Hg–Sb mineral province that contains a
proven reserve of over 5 Mt Sb and 0.8 Mt Hg (Nikiforov, 1969; Li et al.,
2010; Zhou et al., 2017). Within this domain mineralization is asso-
ciated with the limestone at the contact with the overlying clastic se-
diments. These deposits occur within the highly folded and deformed
units of the Alay Segment of the Southern Tien Shan, over 300 km of
strike length. Two large Sb-Hg deposits are located at the studied area
(Fig. 2) in the Southern Fergana region, which have been discovered in
the early 20th century.

At Soviet times, during the intensive study and exploitation of
mercury-antimony deposits of the Southern Fergana region, increased
gold content of these ores has been obviously noted. But the focus on
only the main ore components (Hg-Sb), as well as the absence of

“working” exploration geological and genetic models of Carlin type
deposits, did not allow to fully assess the gold-bearing potential of the
ore belt. Meanwhile, gold exploration in the region during the past two
decades has identified a few deposits, now recognized as Carlin type
(Yakubchuk et al., 2002; Seltmann et al., 2004; Rickleman et al., 2011;
Kirwin et al., 2017). Examples of such deposits are Severnyi Aktash,
Obdilla and Shambesai (Rickleman et al., 2011; Goldfarb et al., 2014).

Sedimentary rock-hosted disseminated gold deposits have geologic
features and geochemical signatures that are remarkably similar to
those of sedimentary rock-hosted gold deposits in the United States and
People's Republic of China. The size of deposits is as yet undetermined,
but they each contain significant potential resources grading 1–5 g/t.
Exploration and drilling are in progress at the deposits.

In this paper, we report new ore geology, geochemical signatures
and mineral composition of the sedimentary gold deposits in the
Southern Fergana region and discuss the deposit type in terms of a
Carlin-type gold province.

2. Geological background

Well-exposed structures in the Tien Shan Paleozoic fold belt were
formed during amalgamation of Eurasia (Biske and Seltmann (2010)
and references therein). The Kyrgyz Tien Shan Mountains are tradi-
tionally subdivided into the Northern Tien Shan, Middle Tien Shan and
Southern Tien Shan (Fig. 1).

In Kyrgyzstan, the Northern Tien Shan consists of several
Precambrian metamorphic blocks and Cambrian to Lower Ordovician
ophiolites with deeper marine sequences. These geological units are
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Fig. 1. (a) Tectonic outline of the Central Asia Orogenic Belt (modified from Jahn et al. (2000)). (b) The main tectonic units of Kyrgyztan (after Burtman (2006) and
Biske and Seltmann (2010)). (c) Distribution of the most significant gold deposits in the Tien Shan Gold Belt (modified from Yakubchuk et al. (2002) and Goldfarb
et al. (2014)).
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overlain by Ordovician sediments and volcanic rocks and cut by I-type
granites, ranging in age from Late Ordovician to Early Silurian. The
main accretion occurred during the Ordovician (Ghes, 2008; Biske and
Seltmann, 2010). The Middle Tien Shan terrane is a single block of
continental crust with the Precambrian basement (Zubtsov et al., 1974;
Windley, et al., 2007; Alekseev et al., 2009). It collided with the con-
tinental blocks of the Northern Tien Shan during the Ordovician. As a
result, the new Kyrgyz-Kazakh continent had been formed (Burtman,
2006; Biske and Seltmann, 2010).

The Southern Tien Shan is a late Paleozoic fold-nappe belt which
was formed in response to collision of the Kyrgyz-Kazakh continent
with the Alay-Tarim and Karakurum-Tajik continental blocks (Fig. 1b).
In Kyrgyzstan, the Southern Tien Shan includes reworked Paleozoic
cover of the Alay-Tarim block (microcontinent) and the remnants of the
adjacent (sub)oceanic crust. It is bounded from the north by the suture
of the Turkestan Ocean that existed between the Kyrgyz-Kazakh and
Alay-Tarim continents (Biske and Seltmann, 2010).

The studied (Figs. 1 and 2) area is situated in the mountain region to
the south of the Fergana depression. It is a part of the northern (Bu-
kantau–Kokshaal according to Biske (1996)) branch of the Southern
Tien Shan. This branch was formed as a result of the Turkestan Ocean
crust subducted beneath the active Kyrgyz-Kazakh continental margin
and subsequently (after closure of the Turkestan Ocean in the Mos-
covian age) ubmerging northern passive margin of the Alay micro-
continent (probably the western continuation of Tarim) into the sub-
duction zone, which was inclined to the north. As a result, the fold-
nappe belt was built with both ocean-derived slices and the detached

Paleozoic predominantly sedimentary cover of the Alay microcontinent
(Burtman, 2006; Biske and Seltmann, 2010 and references therein).

The upper nappes in the northern branch of the Southern Tien Shan
are of oceanic (Turkestan Ocean) origin (Fig. 2) and are composed of
Cambrian to Early Carboniferous ophiolitic fragments (ultramafic,
gabbros, basalts and cherts) which are metamorphosed in blue-shale
and eclogite facies (Burtman, 2006). Most basalts of the upper nappes
erupted onto late Silurian to Devonian deep-sea sediments and thus are
not related to the Ordovician ophiolites (Konopelko et al., 2018). Under
them are the middle nappes filled by Silurian-Carboniferous pre-
dominantly pelagic deep-sea deposits (so-called condensed sedimentary
succession represented by green, red, and black slates and cherts, la-
minated cherty limestones). The lower nappes are made up of Silurian
to Devonian shales, turbidites and debris-flow/olistostrome deposits
(clastic succession type) as well as the Silurian to Carboniferous car-
bonate platform sedimentary rocks (carbonate succession type). The
(para)-autochthon consists of mainly Devonian to Carboniferous
shallow-marine shelf-type dolomites and limestones of the Alay mi-
crocontinent (Alay succession type or simply Alay limestone).

Synorogenic Late Carboniferous turbidites were deposited on the
top of many nappes and show the same rejuvenation of lower nappes in
comparison with upper ones. Flysch is tectonically covered by overlying
nappes. Such flysch is developed on top of Alay-type succession. It
conformably lies on Alay limestone and is tectonically covered by the
lower nappes comprising the Silurian to Devonian sediments (clastic
succession type). The synorogenic flysch belongs to the Tolubai
Formation (Moscovian in age) and is represented by gravel-sandy-clay-

Lower to middle nappes: Silurian-Carboniferous

Upper nappes: Turkestan Ocean-derived basalts

Fig. 2. The tectonic units of the northern branch of the Southern Tien Shan (Kadamzhai and Chauvai deposit area). According to Biske (personal communication, see
also Biske (1996)).
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marl turbidites including coarse submarine debris-flow deposits with
large olistolites/olistoplaques, mainly comprised of limestones, in the
upper part of the formation. Generally, the turbidites demonstrate
coarsening of grains upwards the sedimentary sequence. These turbi-
dites reach 1 km in thickness.

Tectonic melanges with fragments of lower to middle Paleozoic
rocks are recorded in the South Fergana mountain region (Biske, 1996;
Biske and Seltmann, 2010 and citation therein). In some places, post-
nappe cover is developed and represented by Carboniferous to Permian
flysch and molasse sediments.

The package of tectonic nappes was deformed into folds (antiforms
and synforms) as a result of further collisional compression in the late
Paleozoic. The Kausan antiform (see Fig. 2) is one of such structures
hosting the Sb-Hg deposits of Kadamzhai and Chauvai. Additionally at
this time, the South Tien Shan orogen fragment by predominantly
subvertical strike-slip faults.

Post-collisional granitoid intrusions of the Alay segment are gen-
erally undeformed and demonstrate crosscutting relationships with all
late Paleozoic sedimentary formations. The intrusions are exposed in
the axial parts of the Alai range (Fig. 2), with detailed descriptions of
main rock-types and characterization of post-collisional magmatism
(Osmonbetov and Knauf, 1982; Dodonova et al., 1984; Nenakhov et al.,
1992; Nenakhov and Vaulin, 1992; Nenakhov and Belov, 1996;
Solomovich, 2007). According to Konopelko et al. (2018), diverse
magmatic series of the Alai segment formed virtually coevally in a post-
collisional setting during the main post-collisional magmatic pulse at
290–280 Ma, which is similar to ages of post-collisional intrusions
elsewhere in the Southern Tien Shan.

In Mesozoic-Cenozoic time, this territory developed a platform re-
gime. In the Alpine stage, a modern high-mountain topography was
formed, as well as new faults and gentle folds were originated due to
collision of India and Eurasia.

3. Deposit geology

The Chauvai and Kadamzhai Hg-Sb deposits belong to the central
part of the South Fergana antimony-mercury belt, which together with
other Hg-Sb deposits (Abshyr, Khaidarkan) form a large ore province.
They are located in the northern arms of the Alay Ridge extending along
the southern flank of the Kauzan antiform (Fig. 2). The South Fergana
antimony-mercury belt is commonly associated with the zone of the
North-Katran regional deep fault (located between the southern edge of
the Fergana depression and the foot of the Alay and Turkestan ridges).

3.1. Chauvai deposit

At the Chauvai ore field, the Carboniferous Alay limestones and
overlapping synorogenic flysch of the Tolubai Formation, which is
complicated by NE striking disjunctive dislocations and the low-order
folding and is accompanied by sulfide mineralization, are developed
(Nikiforov, 1969; Vaulyn, 2016). The ore field includes a few deposits
and occurrences (Tuyuksai, Zor-Dange, Tolubai-Kyshtau, Tokunsai,
Sart-Istagan, Dzhidasai, Kosh-Unkur, Chiltan, Chatmazar, Duvana-
Tash) localized at the transition from the Alay limestone and the Upper
Carboniferous synorogenic flysch of the Tolubai Formation (Fig. 3).

In the top portion of the Alay limestone succession, one can observe
hydrothermal alterations expressed by jasperoides (silicification),
which includes a Hg-Sb mineralization occurring as veinlets of anti-
monite and cinnabar. The thickness of jasperoids varies from 30 cm to
10 m. The Tolubai Formation contains interbedded sandstones, gravel,
carbonaceous slates of siltstones and mudstones and rare occurrence of
limestone lenses. At the base of the formation, the sedimentary rocks
are reworked and transformed into the silicified tectonic breccia. The
thickness of sandstones typically increases (up to 1 m) in the lower part
of the formation, where they alternate with black carbonaceous slates
of siltstones and mudstones. The middle part of the Tolubai Formation

contains the intraformational clay limestones (up to 2–3 m thick), while
the coarse-grained deposits (sandstones with gradual transition to
gravels) prevail over the fine-grained varieties (carbonaceous, gray to
dark gray siltstones and mudstones). The upper part is represented
mainly by dark gray siltstones and argillites with thin interlayers of
gray sandstones (up to 20 cm thick). Blocks of the massive gray lime-
stones and dolomites tectonically occur above the Tolubai Formation
(Fig. 4).

The sediments of the Tolubai Formation were crosscut by numerous
strike-slip dislocations which are responsible for presence of irregu-
larly-striking breccia layers composed of fragments of sandstones and
siltstone with carbonate matrix and multidirectional calcite veinlets.
The wide occurrence of silicified breccias in the basement of the
Tolubai Formation as well as intensive brecciation and foliation of
jasperoids and limestones of the Alay succession type suggest tectonic
contact between these two units (however, there are local sites with
concordant occurrence).

Gold mineralization at the Chauvai deposit is localized mainly in the
near-contact zone (so called “main contact”, here and elsewhere this
term means the contact between the Tolubai Formation and the Alay
limestone) in the lower part of the Tolubai Formation. Economic mi-
neralization is confined to clastic rocks, whereas gold content in jas-
peroid bodies rarely reaches 0.5 ppm. The main ore-controlling struc-
ture within the Chauvai deposit is a regional dislocation with strike-
thrust kinematics. Significant gold contents have also been recorded in
other parts of the Tolubai Formation and are most commonly associated
with disjunctive dislocations of the strike-thrust kinematics of the lower
order.

3.2. Kadamzhai deposit

A detailed mapping was carried out on the western flank of the
Kadamzhai field, including the Karabiy and Slantsevyi Klin sites. Here,
two main tectonic units of the northern (Bukantau-Kokshal after Biske
(1996)) branch of the southern Tien Shan fold belt are developed. The
first unit (parautochthone) is represented by the Carboniferous Alay
limestone and the overlapping synorogenic flysch of the Tolubai For-
mation. Debris-flow/olistostrome sediments are also developed in the
upper part of the synorogenic formation.

The second unit (allochthon: lower and middle nappes of the
southern Tien) is made up of the Silurian to Devonian shales, turbidites
(clastic succession type) and, locally, pelagic siliceous sediments (con-
densed sedimentary succession type). The Silurian to Devonian schists
are locally transformed into clay mélange, including blocks of older
early Paleozoic or Ediacaran (?) phtanites.

Parautochthone together with overlying lower and middle nappes is
deformed into the antiform and synform folds. The core part of such an
antiform (Kausan antiform) is composed of the Alay limestone and is
exposed at the northern margin of the studied area (Aktash mountain;
Figs. 2 and 5), while the flank of this antiform, filled predominantly
with the Silurian to Devonian clastic sediments, is developed in the
southern part of the area.

The Kausan antiform in the western part is severely disturbed by the
younger shear-type faults, resulting in formation of the so-called
“Slantsevyi Klin” (the so-named site; Fig. 5). In places, the “Slantsevyi
Klin” site is characterized by a poor occurrence or even absence of the
synorogenic flysch of the Tolubai Formation, resulting probably from
the “tectonic peeling” of the flysch sedimentary succession during the
sheet thrusting.

In the eastern part of the mapped area (the Karabiy mountains), the
Alay limestones are delaminated into tectonic sheets, exfoliating from
the main limestone body, thinning southward and wedging into flysch
sediments of the Tolubai Formation (Fig. 5). To the south, these tec-
tonic limestone wedges are occasionally replaced by olistostromic
lenses in the Tolubai formation, suggesting consedimental protruding of
limestone wedges into the flysch basin.
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Silicification is distinctly manifested along the “main contact” of the
clastic rocks of the Tolubai Formation and Alay- limestones. Both
limestones and clastic rocks are fully or partially silicified. Tectonic
breccias and debris-flow deposits are typical for the silicified rocks.
Silicified rocks are commonly intensely ferruginized. Lack of the
Tolubai Formation causes occurring the silicified limestones im-
mediately under of the nappe of the Silurian to Devonian sediments
(clastic succession type).

It should be noted that the sizes of silicification bodies (including

jasperoids) increase from the east to the west, reaching first hundreds of
meters in size in the “Slantsevyi Klin” site (Fig. 5). The gold content in
these breccias reaches as much as 1–3 ppm.

3.3. Obdilla and Shambesai deposits

Geology of the Obdilla and Shambesai area is dominated by two
east-west trends that are duplicates of the same succession, created by
imbricate thrusting. Notably, the two deposits occur along the same
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Fig. 3. (a) Detailed geological map of central part of the Chauvai deposit; (b) Simplified geological map of central part of the Chauvai deposit (satellite image from
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stratigraphic contact within each trend. Silurian siltstones, sandstones,
shales and Devonian siltstone, cherty siltstones, limestone, and dolo-
mite have been thrust onto Carboniferous limestone and carbonaceous
siltstone. It is the south dipping contact between these Carboniferous
units – the Pyrkaf Formation (massive reef Alay limestone) and the
Tolubai Formation (carbonaceous, carbonate siltstone and fore-reef
collapse breccias), which host both the Shambesai and Obdilla deposits.
There are no intrusives, in the area.

The Shambesai orebody strikes ENE for 1.4 km, with 300 m wide
and 30 m thickness. Gold mineralization occurs primarily in a sub-
horizontal ‘trough’, on the contact formed by pre or synmineralization
deformation. The tectonic breccia within this interval is the primary
host of gold mineralization. Un-brecciated siltstone does carry grade,
but only when proximal to a brecciated zone. Organic carbon is
common in the upper siltstone. Limestone blocks, interpreted as likely
debris from the reef-front, occur within the siltstone and also host mi-
neralization at their boundary. Massive limestone is barren except
where strongly brecciated < 1 m from the contact. Notably, the oxi-
dation profile is inverted so that sulfide ore occurs above oxide ore,
which is invariably found at the limestone contact. Oxide ore has been
found in the deepest drilling at a depth of 409 m. This is probably due to
meteoric water flowing along the contact (Rickleman et al., 2011). Gold

is disseminated. Its size is 50 µm in oxide ore. Oxide ore has goethite
often as sulfide pseudomorphs. Sulfide is generally extremely fine pyrite
and arsenopyrite, although arsenopyrite is up to 20 µm in size. Realgar
and orpiment occur with sulfide ore. Mineralized rock is dec-
arbonatized, giving a ‘pock-marked’ texture and minor vugginess.
Quartz veins, silicification and jasperoids occur but are not pervasive.
Argillic alteration exists throughout the deposit however a clear zona-
tion is not apparent (Rickleman et al., 2011).

The Obdilla ore body strikes east-west for 1.64 km, and is at most
220 m wide. The ore occurs as a sub vertical body that, while not re-
lated to the limestone contact as closely as Shambesai, does occur at a
dip parallel to the Alay limestone. The controls on mineralization at
Obdilla are far less well understood than at Shambesai, partly owing to
the more complex shape of the ore body. Gold is disseminated and is at
most 30 µm in size. Pyrite and arsenopyrite are the gold-bearing sul-
fides. Limonite and hematite occur throughout in minor amounts.
Realgar, orpiment and cinnabar are also seen and chalcopyrite and
magnetite in thin section only (Rickleman et al., 2011).

4. Sampling and analytical method

Local geology of the Kadamzhai and Chauvai deposits was studied
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Fig. 4. (a) Conceptual cross section of the Chauvai deposit (modify after Kirwin et al. (2017)); (b) Photograph showing the contact between main geological units at
the Chauvai deposit.
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during the large-scale geological mapping in 2017. We compiled de-
tailed geological maps with a structural analysis of the localization of
mineralization and hydrothermal alteration. At the Kadamzhai deposit,
more than 100 samples were collected from surface, as well as from

trenches. Most of the collected samples are oxidized, excluding strongly
silicified breccias near the “main contact”. Samples at the Chauvai
deposit were collected from the surface, as well as from drillholes. The
drillholes at the Chauvai deposit have been designed to cross the main

Slantsevyi Klin

Fig. 5. (a) Geological map and cross-section of the eastern part of the Kadamzhai deposit. (b–e) Photographs showing the Kadamzhai deposit: (b) “Main contact” at
the Karabiy Mountains; (c, e) “Main contact” at the Slantsevyi Klin; (d) A nappe structure at the left bank of the Shakhimardan River with Silurian-Devonian shales
the Carboniferous Alay limestone.
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contact between the clastic rocks of the Tolubai Formation and the
limestones of the Alay succession. In total, more than 500 samples were
collected from 25 drillholes at the Chauvai deposit.

The mineral composition, textural–structural features, and mineral
relations were studied under an optical microscope in reflected and
transmitted light. A total of 120 polished sections and 10 thin sections
from the Chauvai deposit and 30 polished and 10 thin sections from the
Kadamzhai deposit, were studied to characterize the mineralogy,
paragenetic and textural relationships, as well as petrography alteration
types of host rocks.

The concentration of gold was analyzed by FAA (fire assay analysis
with AA finish). Samples were fused with a mixture of lead oxide, so-
dium carbonate, borax, silica and other reagents as required, inquarted
with 6 mg of gold-free silver and then cupelled to yield a precious metal
bead. The bead was digested in 0.5 ml dilute nitric acid in the micro-
wave oven, 0.5 ml concentrated hydrochloric acid was then added and
the bead was further digested in the microwave at a lower power set-
ting. The digested solution was cooled, diluted to a total volume of
10 ml with de-mineralized water, and then analyzed by atomic ab-
sorption spectroscopy against matrix-matched standards. Major and
trace elements were analyzed by ICP-OES and ICP-MS reading (aqua
regia digestion). Chemical analyses were performed in the Stewart
Assay and Environmental Laboratories LLC, Kyrgyzstan. Detection limit
is 0.01 ppm for Au, Bi, Nb, Ta, and U, 0.04 ppm for Rb, 0.1 ppm for Ba,
Co, Sb, and Tl, 0.2 ppm for Mo and Sn, 0.4 ppm for Pb, 0.5 ppm for Cr,
1 ppm for Ag, Cu, Hg, Ni, V, and W, 1.5 ppm for As and Se, 2 ppm for
Zn, 5 ppm for Sr and Te.

5. Results

5.1. Host rock lithology

The lithological characteristics of the host rocks of the Tolubai
Formation within the Kadamzhai and Chauvai deposits are identical.
The nature and scales of the hydrothermal alteration are also compar-
able. Hereafter, we provide a description of the host rocks according to
the drilling data at the Chauvai deposit. Taking into account the li-
thological composition of the Tolubai sediments at the surface within
the studied deposits, we suppose that the clastic rocks at the Kadamzhai
and Chauvai deposits are similar.

The host rocks are represented by alternating grey heterogranular
gradationally-layered sandstones, gravel associated with sandstones via
gradational transitions, and dark-grey carbonaceous siltstones enriched
in organic matter. Two elements are distinguished: (i) sandstone and
gravel strata, varying in thickness from 5 to 120 cm; and (ii) packages of
siltstones with thin sandstone layers. The quantitative proportions of
coarse- and fine-grained rocks vary against the background of dom-
inating sandstone.

The coarse-grained layers are characterized by gradational sorting
of detrital material (Fig. 6a). The material grade directly correlates with
the thickness of the layer. Gravel form the lower parts of the thickest
layers of sandstones is 0.5–1.2 m thick. The clastic material of the
sandstones is poorly rounded and sorted. The sandstones are wackes
with a matrix of silt-clay material, part of some pores are filled with
epigenetic carbonate material.

The base of coarse-grained layers is clear and even (Fig. 6b). The
sandstones are represented by fine-grained varieties near the top of the
strata, which are characterized by small cross wave-like lamination
with finest interbeds of dark gray siltstones. Fine-grained sandstones
and siltstones zone are thin (5–30 mm) alternating siltstone layers and
fine-grained sandstone layers, 1–30 mm thick (Fig. 6c).

The breccia occurs at the base of the thickest layers of gravel with
sandstone, the fragments of limestone “floating” in the gravel with
sandstone matrix are common (Fig. 6d). The thickness of the breccia
typically varies from 20 to 60 cm. The upper part of the Tolubai clastic
succession contains blocks (olistoliths) of limestones and sequences of

debris-flow sediments.
The clastic sediments of the Tolubai Formation outside the deposits

occur conformably on Alay limestones. In some cases, there is a gradual
transition from massive through platy limestones to clastic-carbonate
rocks of the Tolubai Formation. Within the deposits, the contact is
faulted, whereas the host rocks are hydrothermally altered.
Mineralization is confined to the hydrothermally-altered rocks. The
volume of altered host rocks varies greatly due to post-ore tectonic
processes that disrupted the hydrothermal zonning. In some drill holes,
the thickness of altered rocks may be as much as 20–40 m, while in
other drill holes there is a tectonic contact between clasticrocks of the
Tolubai Formation and unaltered limestones (wedging out of metaso-
matic alteration zone).

5.2. Specific features of the “main contact”

In the immediate vicinity of the main contact between the Tolubai
Formation and Alay limestones, several zones can be recognized within
the Tolubai Formation, whose appearance is determined both by the
original sedimentation setting and superimposed alteration. The first
zone is represented by a package of interbedding laminae of sandstones
and siltstones (Fig. 6e). The sandstone laminae contain abundant dis-
seminated sulfides (Fig. 6f). The specific feature of this zone is realgar
and orpiment streaks whose wide occurrence corresponds to its lower
part.

Towards the main contact, the rocks lose their bedded structure and
acquire massive appearance due to deformations and subsequent hy-
drothermal alteration. This zone is conditionally called “massive silt-
stones”. In case of intense breccia structure, this zone may disappear
from the sequence. Massive siltstones are not calcareous rocks including
quartz and fluorite streaks, whereas sulfides occur as lenticular segre-
gations and scattered dissemination (Fig. 6g). Massive siltstones are
characterized by slight bleaching as compared to unaltered siltstones.

In the zone of massive siltstones, there is a gradual development of
the breccia structure down the sequence with gradual transition to the
breccia of the main contact. Breccia consists of angular debris of silt-
stones and sandstones. In some cases, the irregular bleaching is ob-
served in spotted textures (Fig. 6h). Breccias are not calcareous, locally
revealing silicified fine-grained cement, while rock fragments are sili-
cified. Breccias are vesicular with caverns typically containing druses of
fine-grained crystalline quartz. Breccia of the main contact differ from
tectonic breccia of the Tolubai Formation. It has dense structure, high
degree of lithification and bleaching, as well as elevated content and
association of vein minerals and, locally, silicification.

Unaltered rocks of the Tolubai Formation are strongly calcareous.
The massive siltstones and breccias of the main contact are typically not
calcareous, while their thin interbedding packages can be represented
by both calcareous and non-calcareous rocks. In some drillholes, the
proportion of calcareous material gradually decreases down the se-
quence, but more frequently it disappears in the lower part of the thin
interbedding zone.

The contact pattern with the Alay limestones can vary. If jasperoids
(see below) are absent and breccias are in immediate contact with
limestones, then the contact is distinct, but if jasperoids are present,
then the contact can both be distinct (Fig. 6i) and gradually transitional
(Fig. 6j), manifested in progressive silicification and bleaching of rocks
and extinction of breccia structure.

Unlike the zone of massive siltstones and breccias of the main
contact, which are epigenetic formations, the habit of the thin inter-
bedding zone is determined by sedimentation factors.

5.3. Host rock alteration

The rocks of the Tolubai Formation and Alay limestones are per-
vasively hydrothermally alteration near the “main contact”. Based on
the study of host rocks, three main types of gold-associated altered have
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been recognized such as silicification, decarbonatization, and sulfidi-
zation, which are the most common types of rock alteration seen in
many Carlin-type deposits (Ashley et al., 1991; Arehart, 1996; Hofstra
and Cline, 2000; Cline et al., 2005; Peters et al., 2007; Pirajno, 2009; Su
et al., 2009a; Xie et al., 2017).

The clastic rocks of the Tolubai Formation are stronger dec-
arbonatized with consistent increase toward the main contact. During
decarbonatization of siltstones and sandstones, a large amount of cross-
cutting, rather than layer-parallel, calcite veins and veinlets formed
(Fig. 6k). The source of carbonate matter for these veinlets is assumed
to be the host clastic rocks.

Silicification is more distinctly manifested immediately along the
main contact, where limestones are transformed into crypto- and mi-
crocrystalline rocks, which are typically vesicular and consist mainly of
silica (Fig. 6l). At times, the intensity of silicification is smoothly de-
creasing with distance away from the contact towards the carbonate
rocks series up to complete transition into unaltered limestones. The
Tolubai clastic sediments are silicified to a lesser degree, however, near
the main contact one can observe abundant breccia, composed of in-
tensely silicified fragments of siltstones and sandstones cemented by
chalcedonic quartz (Fig. 6m).

Results of our study indicate that economically significant gold as-
sociates with decarbonatized rocks of the Tolubai Formation. The sili-
cified rocks are also supposed to have an elevated gold content, but its
concentration does not exceed 0.1–0.5 ppm. Sb and Hg mineralization
in the studied deposits is associated exclusively with jasperoids, de-
veloped mainly over limestones.

Sulfidization (iron sulfides) is developed only in the Tolubai clastic
rocks. Sulfides occur as finely diffused disseminations, subconcordant
microveins and zones of enrichment, cutting the veinlets (Fig. 6n). The
concentration of sulfides varies from individual grains to the first per-
cent, whereas their increased amount is not a reliable indicator of gold
mineralization.

The distribution of sulfides is also controlled by the bedded struc-
ture of the formation. The most commonly enriched are thin (1–20 mm
thick) interlayers of fine-grained sandstones in siltstones (Fig. 6n).
These interlayers contain a rich dissemination of hydrothermal idio-
morphic pyrite. In contrast, thick layers of sandstones and gritstones are
depleted in sulfides or do not bear them at all. The sulfide impregnation
in siltstones is so thin that it is almost invisible macroscopically.

Sulfidization processes are generally confined to the lower part of
the Tolubai Formation, within about 0–20 m above the main contact.
Close to the main contact, where the host rocks lose the bedded
structure (zone of massive siltstones and breccias of the main contact),
sulfides occur as intersecting veinlets, lenses, and vermicular segrega-
tions of 0.5–2 mm thick and 5–10 mm long, isometric clusters, as well
as irregularly distributed scattered dissemination. Frequently, one can
observe the replacement of scattered sulfide dissemination by orpiment.

5.4. Mineral composition

Mineral composition of the Kadamzhai and Chauvai deposits is si-
milar to Carlin type deposits in Nevada and Guizhou province (Hofstra
and Cline, 2000; Peters, 2002; Peters et al., 2007; Cline et al., 2005;
Zhang et al., 2005; Su et al., 2008; Large et al., 2011). These deposits
host complex ore bodies, which contain both Au and Sb-Hg. The main
minerals in gold ore are pyrite, marcasite, arsenopyrite, orpiment, and

realgar. Sb-Hg ores are represented by cinnabar and stibnite.
The zone of thin interbedding is dominated by impregnated and

bedded ore structures (Fig. 7a). In general, siltstones are characterized
by impregnated structures, while sandstone interlayers have pre-
dominantly layered textures. Individual sulfide-enriched sandstone in-
terlayers are commonly complicated by disruptions and displacements
of insignificant amplitude not exceeding the first centimeters (Fig. 7b).
Cross-cutting calcite veins contain no sulfides (Fig. 7c). This ore type is
typically characterized by low gold content. Sulfides are represented by
pyrite and, to a lesser extent, marcasite. Arsenopyrite in these ores is
rare. The size of pyrite grains and its morphological characteristics are
different in sandstones and siltstones. A relatively large (up to 0.5 mm)
idiomorphic pyrite dominates in sandstones (Fig. 8h). Dissemination in
siltstones is represented by small idiomorphic grains of pyrite (up to
50 μm) (Fig. 8e and f), frequently framboidal pyrite (Fig. 8a). Marcasite
occurs as elongated grains, in some cases its aggregates grow on pyrite
of early generation (Fig. 8j).

Breccia ores are mostly manifested in the zone of massive siltstones
and breccias of the main contact (Fig. 7d), while streaky ores are much
less abundant (Fig. 7e). Sulfides are represented by pyrite, marcasite,
and rarely arsenopyrite. A distinctive feature of this part of the section
is the widespread occurrence of realgar and orpiment. In the upper part
of the packet, these minerals represent rich dissemination in siltstones
and sandstones, which, formed probably due to the replacing of pyrite
(Fig. 7f and g). In the breccia zone of the main contact, one can observe
cross-cutting veinlets of realgar and orpiment, which frequently serve
as cement (Fig. 7h and 1). The widest occurrence of arsenic sulfides is
confined to brecciated siltstones and sandstones, which have undergone
significant decarbonatization. In some cases, the thickness of veins with
realgar and orpiment reaches 1–5 cm (Fig. 7j and k). Down the se-
quence, where breccias are more silicified, sulfides are represented by
pyrite of several generations, marcasite and arsenopyrite. Fluorite is not
uncommon in silicified breccias of the main contact (Fig. 7l). Gold
content in this breccia ore is up to 5 ppm.

As and Hg mineralization does not extend beyond the silicified rocks
and is mostly localized in jasperoids as well as in their breccias. The
major Hg and Sb minerals are represented by cinnabar and antimonite,
respectively, and form veinlets and nests up to massive ores (Fig. 7m).
In rare cases, quartz veinlets with antimonite and cinnabar are super-
imposed on the breccia of the main contact (Fig. 7n). The gangue mi-
nerals associated with Sb-Hg mineralization are represented by quartz
with the subordinate calcite and fluorite. This type of ore is char-
acterized by low gold contents, that are not higher than 0.5 ppm.

Pyrite, as major ore mineral of gold ores, occurs in the form of
several generations, whose formation was successively replaced by each
other. In unaltered host rocks, a significant portion of pyrite is re-
presented by the framboids and their aggregates having isometric or
oval outlines (Fig. 8a and b). We suggest that the origin of this pyrite is
diagenetic. Commonly the pyrite framboids are spatially confined to the
horizons enriched in organic matter (Fig. 8c). In weakly altered host
rocks, the relicts of the framboidal pyrite are occasionally found in the
central parts of pyrite aggregates (nodules) of irregular form, up to
100 μm in size (Fig. 8d).

The amount of sulfides in the rock typically grows with the increase
in intensity of hydrothermal alteration. As the intensity of rock al-
teration increases, pyrite represented by small metasomatic idio-
morphic grains becomes more widespread. The pyrite grain sizes in

Fig. 6. Photographs showing host rocks and ore of the Chauvai (a–l, n) and Kadamzhai (m) deposits: (a) gradational sorting of detrital material; (b) base of coarse-
grained layers (red line); (c) thin alternation of sandstone and siltstone layers; (d) gravel with breccia/debris-flow sediments; (e) “bundle of frequent interbedding”;
(f) sandstone with disseminated sulfides; (g) “massive” siltstone with sulfide veins; (h) breccia with sulfide mineralization and quartz geodes; (i) abrupt contact
between “main contact” breccia and jasperoid; (j) gradual contact between “main contact” breccia and jasperoid; (k) siltstone with disseminated sulfides and calcite
veins; (l) jasperoid; (m) siliceous “main contact” breccia with quartz cement; (n) locally sulfidized siltstone and sandstone. Note: sl – siltstone; sn – sandstone; gr –
gravel; ls – limestone; br – breccia; js – jasperoid; py – pyrite; qz – quartz; cal – calcite. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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siltstones are significantly lower than that in sandstones (Fig. 8e–g).
Idiomorphic pyrite grains in sandstones are often zoned with abundant
inclusions of nonmetallic minerals (Fig. 8h). In the zone of massive
siltstones and breccias of the main contact, marcasite commonly occurs
as aggregates of elongated grains ranging in size from 10 to 100 μm
(Fig. 8j). In brecciated ores, clasts frequently contain various sulfide
impregnations. Some fragments are characterized by the impregnation

of small pyrite grains, others contain elongated marcasite grains (Fig. 8i
and k). Arsenopyrite in ores is quite rare. Occasionally, single arseno-
pyrite grains of up to 30 μm in size intergrow with idiomorphic pyrite in
sulfidized sandstones (Fig. 8l). In silicified breccias of the main contact
arsenopyrite forms rims around the large clasts of idiomorphic pyrite
(Fig. 8m).

The replacement of pyrite by orpiment and, to a lesser extent, by
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realgar is widespread in breccias of the main contact (Fig. 8n) Thus,
orpiment forms complete pseudomorphs after pyrite aggregates. Frag-
ments of mineralized siltstones and sandstones are cut by calcite vein-
lets with realgar and orpiment (Fig. 8o). In thicker veins there are
fragments of sulfidized siltstones (Fig. 8p).

In general, it may be inferred that ore minerals are represented by
pyrite of several generations (framboidal–nodular–idiomorphic), mar-
casite, arsenopyrite, realgar and orpiment. No native gold was found in
the ores. The antimony-mercury mineralization, composed mainly of
antimonite and cinnabar, is intersecting the gold mineralization.

5.5. Ore geochemistry

Selected results of ICP-MS analysis of host rocks and ores are shown
in Table 1.

Unaltered sedimentary rocks of the Tolubai Formation consist of
alternating layers of siltstones, sandstones, and gravel. No gold and
silver were found in assays of the unaltered rocks. The contents of Hg
and Tl are below detection limits. The Sb content is at a very low level
ranging from 0.2 to 2 ppm. The As content varied from 6 to 57, with an
average value of 24 ppm. The contents of Ba and Sr are relatively high
due to the high content of carbonate material in unaltered rocks.

In the zone of thin-bedded siltstones, especially where disseminated
and layered sulfidization is manifested, the gold content ranges be-
tween 0.42 and 0.71 ppm. High gold contents strongly correlate with:
As (9072 and 3253 ppm), Hg (51 and 38 ppm), Sb (98.6 and 79.1 ppm),
and Tl (26.5 and 17.9 ppm), respectively. The concentrations of these
elements in the gold-free samples correspond to those in unaltered
rocks. The mineralized siltstone varieties of this zone reveal lower Ba
and Sr contents, which, most likely, can be due to decarbonatization
processes. Similar geochemical features were also observed in for the
zone of massive siltstones. Although the assays did not reveal eco-
nomically significant gold contents (0.34–0.51 ppm Au), these modified
rocks are characterized by a relatively high content of As, Hg, Sb, and
Tl. In addition, there is a significant decrease (by an order of magni-
tude) in the concentration of Ba and Sr.

The gold content in gold-bearing ore, represented by mineralized
altered breccias of the main contact, varies from 0.42 to 4.16 ppm.
Silver is practically absent in ores, with its maximum concentrations
being 2.2 ppm. The arsenic content is abnormally high ranging from
4346 to more than 50,000 ppm (the upper limit of determination). The
concentrations of other Carlin-suite elements are as follows: Hg from 37
to 232 ppm (mean value 110 ppm), Sb – from 51.6 to 1926.3 ppm
(mean value 446.5 ppm), and Tl – from 5.9 to 18 ppm (mean value
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12.8 ppm). The content of base metals (Pb, Zn, and Cu) is similar to that
from the unaltered or weakly altered rocks. Of the rock-forming ele-
ments, Ba and Sr contents are significantly lower (relative to unaltered
rocks). This decrease is supposedly related to the decarbonatization and
silicification of rocks, which are associated with the formation of mi-
neralization.

In the zone of intense silicification of breccias at the main contact
(the zone of jasperoid breccias) the gold content is not high, ranging
from 0.21 to 0.83 ppm. The contents of As, Hg, Sb, and Tl consistently
decrease. The strontium content is significantly lower than in unaltered
rocks, but barium concentration is slightly higher than in non-silicified
breccias. This may be due to the formation of a rare impregnation of

“Rythmic” siltstone

Fig. 9. Bivariate plots for arsenic, thallium, antimony, mercury, barium and strontium against gold for rocks and ores of the Chauvai deposit. (a) arsenic–gold; (b)
thallium–gold; (c) antimony–gold; (d) mercury–gold; (e) barium–gold; (f) strontium–gold.
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barite together with fluorite.
Jasperoids have low gold contents of 0.34 ppm on average. Silver

grade reaches as high as 3.2 ppm. A relatively high silver content
probably may be due to high concentrations of antimony. Jasperoids
have high Hg and Sb contents, up to 1000 and 2440.9 ppm, respec-
tively. Such elevated contents of these elements are consistent with
petrographic evidence and field observations, according to which Sb-Hg
mineralization is confined specifically to jasperoids developed over

limestones. The Sr content shows a challenging regularity. Two groups
of jasperoids are distinguished: the first group hosts 250 ppm Sr on
average, while the second group is significantly depleted in strontium,
with an average value of 50 ppm. This fact can be explained by in-
complete silicification of limestones of the first group. The barium
content is quite high (up to 397 ppm). Considering intensive metaso-
matic alteration of limestones as well as depletion in strontium, such
high barium values can be associated with barite mineralization

“Rythmic” siltstone

Fig. 10. Bivariate plots of selected minor elements for rocks and ores of the Chauvai deposit. (a) thallium–arsenic; (b) antimony and mercury–arsenic; (c) bar-
ium–arsenic; (d) strontium–arsenic; (e) mercury–antimony; (c) strontium–barium.
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accompanying Hg-Sb mineralization at the deposit. On the other hand,
it cannot be ruled out that elevated barium contents are associated with
relicts of metasomatically unaltered limestones.

6. Discussion

6.1. Geochemical signature

Sedimentary rock-hosted gold deposits, including Carlin-type gold
deposits, are characterized by a specific suite of trace elements. In a
broad sense, this set consists of Au, As, Sb, Hg, and Tl (Zhang and
Zhang, 2003; Zhang et al., 2005; Peters et al., 2007; Large et al., 2011).
Orogenic sedimentary rock-hosted gold deposits usually contain sig-
nificant concentrations of Au, As, and Sb (Goldfarb et al., 2005; Large
et al., 2011; Goldfarb and Groves, 2015; Nevolko et al., 2017;
Yudovskaya et al., 2016), whereas, a suite of trace elements, Au, (As,
Sb, Hg, and Tl) is inherent only to Carlin-type deposits (Hofstra and
Cline, 2000; Cline et al., 2005; Peters et al., 2007). However, Au, As, Sb,
Hg, and Tl rarely form composite economic ore deposits. There are

examples where Carlin-suite elements are present in insignificant
amount and appears only as “geochemical signature” of mineralization.
Some deposits are complex and contain significant resources of mer-
cury, antimony, arsenic and less often thallium. For example, the giant
Wuchuan and Wanshan mercury deposits (> 10,000 t of Hg) in
Guizhou province have low gold concentrations and moderate anti-
mony and arsenic concentrations. Similarly, the giant Dachang anti-
mony deposit (> 500,000 t Sb) in Guizhou province has low con-
centrations of Au, As, Sb, and Hg (Hu et al., 2002). Instead, one of the
elements is usually dominant and the others are subordinate. So, the
amounts of As, Sb, and Hg in the ores at the Banqi, Getang, Zimudang,
and Lannigou deposits in southwest Guizhou province are of no com-
mercial importance and could never be mined independently (Peters,
2002; Yan et al., 2018).

Newly obtained geochemistry data of the Chauvai deposit (Fig. 9a
and b), convincingly demonstrate a strong positive correlation of gold
with arsenic and less pronounced correlation of gold with thallium.
Since geochemical data from the deposits show positive correlations
between gold and arsenic and no native gold have been observed, we
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suggest that there are occurrence of invisible gold in arsenous-pyrite (or
marcasite) and arsenopyrite.

Bivariate plots for antimony and mercury against gold (Fig. 9c and
d) do not show strong correlations between gold and any of these ele-
ments. In addition, for all types of ores and hydrothermally altered host
rocks there is a strong positive correlation in pairs of Tl vs. As and Sb vs.
Hg (Fig. 10a and e). The total content of antimony and mercury also
shows a direct correlation with the arsenic concentration (Fig. 10b).
This fact can be explained that this mineralization was formed as a
result of a single process and Carlin-suite elements were added to the
rocks by the same hydrothermal fluid.

Concentrations of copper, lead, zinc, and tin do not consistently
correlate with gold values. Barium generally correlates well with
strontium (Fig. 10f). The bivariate plot for barium and strontium shows
strong positive correlation, but bivariate plots for barium and strontium
against gold and arsenic revealed a reverse correlation (Figs. 9e, f and
10c, d, f). Thus, as the degree of hydrothermal alteration of host rocks
increases (with an increase of gold and arsenic contents), the con-
centration level of barium and strontium decreases. This can be ex-
plained by the fact that in unaltered host rocks, barium and strontium
are concentrated in the carbonate material. Since the deposit formation
associated with decarbonatization and silicification alteration types,
these elements have been removed from mineralization zone.

Relationship and correlation between Carlin-suite elements at the
Chauvai deposit are shown in Fig. 11, which illustrated content of Au,
As, Tl, Sb, Hg, Ba, and Sr downhole as plotted line graph. Unaltered
host siltstone and sandstone contain significant amount of barium and
strontium, however concentration of these elements almost completely
decreases at a depth of 55 m. From here and to a depth of 70 m, clastic
rocks have been intensely altered (decarbonatization and sulfidization
type) and contain high level of arsenic, thallium and gold. Antimony
and mercury mineralization is also confined to this zone of altered
rocks, but apart from been located within a zone of jasperoid breccia
and jasperoid (silicification alteration type).

Following Hou et al. (2016) and Tan et al. (2015), we suppose that
deposition and spatial distribution of Carlin-suite elements depends on
structural-lithological factors, rather than on a paragenetic sequence, as
is shown in Ashley et al. (1991) and Hu et al. (2002). Different host
rocks are also preferentially mineralized by different elements. The gold
ores (Au-As-Tl) are mainly hosted in siltstones and their breccia,
whereas the mercury and antimony mineralization occur chiefly in al-
tered carbonate rocks (jasperoid). The same is observed in other Carlin-
type deposits. According to Hu et al. (2001), Su et al. (2012), and Tan
et al. (2015) mercury mineralization associated with the Shuiyindong
(Sanchahe) gold deposit in southwest Guizhou occurs mainly within a
carbonate horizon of the Changxing Formation, but gold mineralization
is restricted to the lower mudstone units of this formation.

Based on our new data on textural features and mineral composition
of ore, we suggest that the weak positive correlation for antimony and
mercury against arsenic is more likely a consequence of different
structural control of mineralization, rather than the paragenetic se-
quence.

The similar distribution patterns of Carlin-suite elements are known
in many Carlin-type gold deposits located in different region. With the
aim of comparison geochemistry signature of the Kyrgyz deposits with
typical Carlin-type deposits we used available data from nine Nevada
and five China deposits (Ashley et al., 1991; Lu, 1994; Ressel et al.,
2000a,b; Cail and Cline, 2001; Emsbo et al., 2003; Kesler et al., 2003;
Cline et al., 2013; Hickey et al., 2014; Tan et al., 2015; Hu et al.,

2017a,b).
As one can see on Figs. 12 and 13, in general, the fields of con-

centration level for Catlin-suite elements completely overlap. In addi-
tion, there are correlations between pairs of elements described above.
The geochemical features of the Chauvai deposit are similar to the
Chinese and Nevada deposits, although there are some particular as-
pects. For example, the Kyrgyz Carlin-type deposits are characterized
by a higher concentration of arsenic (Fig. 12). The concentration of
thallium is slightly higher than in Chinese deposits, but it corresponds
to the average content of Nevada ones. Taking into account the data in
Table 1 and Figs. 12 and 13, we conclude that geochemical signature of
the Chauvai deposit is more similar to the deposits in China, but they
are characterized by an higher concentration of thallium.

6.2. Tectonic setting

Gold mineralization at the Kadamzhai and Chauvai deposits is ac-
companied by antimony and mercury ores. Available K-Ar data for
sericite from jasperoid, according to Nikiforov (1969), Fedorchuk
(1985), and Yao et al. (2015), clearly show Permian to Triassic ages for
Kadamzhai Sb (280–240 Ma) and Haydarkan deposits (230–236 Ma and
244–268 Ma). Furthermore, published geochronological reports for re-
gional antimony-polymetallic mineralization and orogenic gold de-
posits of the South Tien Shan constrain their formation to the Early
Permian–Middle Triassic (Yakubchuk et al., 2002; Mao et al., 2004;
Yang et al., 2006; Morelli et al., 2007; Chen et al., 2012; Yao et al.,
2015;), a time broadly coeval with the post-collision processes (McCann
et al., 2013; Konopelko et al., 2018).

So, tectonic settings for gold mineralization at the Kadamjai and
Chauvai deposits, proposed by us, are transpressional regime and si-
milar to that forming the Carlin-like gold deposits in the
Yunnan–Guizhou–Guangxi and western Qinling regions (Mao et al.,
2002; Peters, 2002; Zhang and Zhang, 2003; Su et al., 2009b; Chen
et al., 2015; Hu et al., 2017a,b; Pi et al., 2017). However, Kyrgyz Carlin-
type gold deposits have been formed in a quite different setting from
those in Nevada, where formation correlates in time with back-arc ex-
tension (Hofstra and Cline, 2000; Cline et al., 2005).

We propose that the Kadamzhai and Chauvai gold deposits are in-
ferred to have formed after peak deformation during the final stages of
transpession and extension of the South Tien Shan collisional orogeny.
Genesis and spatial distribution of structurally-controlled deposits lo-
cated in collisional orogen is best interpreted by crustal continuum
model (Groves et al., 1998; Chen, 2013; Goldfarb et al., 2014) and is
also applicable for studied deposits. The metamorphic fluid and basinal
fluids, which were probably derived from epizonal to metamorphic
devolatilisation of host strata, were channeled along regional faults and
unconformities, and the metals were leached from the country rocks
and deposited in structural traps.

7. Conclusion

Major geological and geochemical features of the Kadamzhai and
Chauvai deposits include:

1. mineralization along the main contact of the Tolubai Formation and
Alay limestone;

2. low-temperature hydrothermal Sb-Hg mineral systems;
3. silicification, decarbonatization, and sulfidization;
4. metallic mineral assemblage (pyrite+ marcasite + arsenopyrite +

Fig. 12. Bivariate plots for arsenic, thallium, antimony, mercury, barium and strontium against gold for ores of the Chauvai deposit, China, and Nevada Carlin type
gold deposits. (a) arsenic–gold; (b) thallium–gold; (c) antimony–gold; (d) mercury–gold; (e) barium–gold; (f) strontium–gold. Data from Chinese deposits: Danzhai
(Lu, 1994), Yata, Getang, and Shuiyindong (Sanchahe) (Ashley et al., 1991), Bojitian (Hu et al., 2017a,b). Data for Nevada deposits: Beast (Ressel et al., 2000a,b),
Griffin and Meikle (Ressel et al., 2000b), Getchell (Cail and Cline, 2001), Betze-Post, Golden April, Meikle, Ren, and Rodeo (Emsbo et al., 2003), Betze-Post (Kesler
et al., 2003), and Pipeline (Hickey et al., 2014).
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Chinese Carlin-like deposits 

Fig. 13. Bivariate plots of selected minor elements for rocks and ores of the Chauvai deposit, Chinese, and Nevada Carlin-type gold deposits (a) thallium–arsenic; (b)
antimony and mercury–arsenic; (c) barium–arsenic; (d) strontium–arsenic; (e) mercury–antimony; (c) strontium–barium. Data from Chinese deposits: Danzhai (Lu,
1994), Yata, Getang, and Shuiyindong (Sanchahe) (Ashley et al., 1991), Bojitian (Hu et al., 2017a,b). Data for Nevada deposits: Beast (Ressel et al., 2000a,b), Griffin
and Meikle (Ressel et al., 2000b), Getchell (Cail and Cline, 2001), Betze-Post, Golden April, Meikle, Ren, and Rodeo (Emsbo et al., 2003), Betze-Post (Kesler et al.,
2003), and Pipeline (Hickey et al., 2014).
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realgar + opriment), typical of Carlin-type gold deposits;
5. invisible gold (no observed native gold), associated with arsenic,

antimony, mercury, and thallium (Carlin-suite elements), with high
gold-silver ratios;

6. structural control and dissemination to the wall rocks, which is si-
milar to the Chinese and United States Carlin deposits;

7. alignment of Kadamzhai and Chauvai deposits, together with
Severnyi Aktash, Obdilla and Shambesai Carlin-type deposits, along
the 40-km-long trends;

8. transpressional structural control, similar to Carlin-type gold de-
posits in the Yunnan–Guizhou–Guangxi and western Qinling re-
gions.

If we use the list of Carlin characteristics from Hofstra et al. (1999),
Hofstra and Cline (2000), Cline et al. (2005), and Peters et al. (2007),
Kadamzhai and Chauvai deposits fit quite well. So, based on new ore
geology, geochemical signatures and mineral composition of the Ka-
damzhai and Chauvai deposits, we suggest that the Kadamzhai and
Chauvai deposits are Carlin-type gold deposits in the South-Fergana Sb-
Hg metallogenic belt.
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