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ARTICLE INFO ABSTRACT

The Sareke Cu deposit in the western Tarim region (Xinjiang, NW China) is hosted in continental sedimentary
rocks of the Upper Jurassic Kuzigongsu Formation and Lower Cretaceous Kezilesu Group. Stratabound orebodies
occur mainly in conglomerate and minor in siltstone. Both stratabound (major) and vein type (minor) ores are
composed of chalcocite, chalcopyrite, bornite and pyrite with minor sphalerite and galena, which show a zo-
nation pattern of chalcocite — chalcopyrite — sphalerite + galena — pyrite from north to south of Sareke.
Carbonation is the most important hydrothermal alteration at Sareke and dolomite together with calcite are the
dominant gangue minerals.

Six pyrite samples which coexist closely with copper sulfides are Re-Os dated and yielded a Re-Os isochron
age of 115.8 + 4.7 Ma and a weighted mean age of 114.3 + 1.8 Ma, which constrain the Sareke Cu miner-
alization to the late Early Cretaceous. This age is synchronous with the tectonic inversion event and the basaltic
magma activities of the Tuyon basin, which could been sources of dynamics and thermodynamics during the ore-
forming process. This is the first unambiguous evidence for an appreciable copper concentration of Mesozoic
age, and based on this evidence, additional Mesozoic sediment-hosted stratabound copper mineralization event
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may have occurred elsewhere within basins along the Talas-Fergana fault.

1. Introduction

Sediment-hosted stratabound copper (SSC) deposits are important
sources of Cu, Co and Ag, and are commonly considered to form during
the entire evolutionary history of a rift basin (Hitzman et al., 2005,
2010), whereas the timing of mineralization relative to sedimentation
of the host sequence remains elusive for most deposits. Previous Re-Os
geochronology attempts were focused mainly on the ancient (~1700 to
450 Ma) marine SSC deposits, and suggested that mineralization may
postdate ore-hosting strata by up to hundreds of millions of years
(Selley et al., 2005; Hitzman et al., 2005, 2010, 2012; Sillitoe, 2012;
Huang et al., 2013; Zhao et al., 2013; Muchez et al., 2015; Perell6 et al.,
2015; Sillitoe et al., 2010, 2015).

This contribution reports a younger, unequivocal pyrite Re-Os mi-
neralization age for a continental SSC deposit at Sareke, sourthern
Xinjiang. The paper briefly describes the stratigraphic setting of Sareke
and the Cu mineralization characteristics. In addition, we correlate the
mineralization with regional geotectonic events during the evolution of
the Tuyon basin, and speculate on possible correlations with the Early
Cretaceous regional magmatic activities.
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The sediment-hosted stratabound Sareke Cu deposit (15 km north-
west of Wugia County) is located in the western Tarim area (Fig. 1A).
The ore-bearing Sarekebayi basin is a sub-basin of the Tuyon pull-apart
basin (Fig. 1B). At present, the deposit contains an ore reserve of 79.54
Mt at 0.77% Cu and a small amount of Ag, Pb and Zn (Liu et al., 2016).

2. Regional geological setting

The western Tarim is located between the Southern Tianshan and
Western Kunlun orogens (Fig. 1A), and can be subdivided into the
Tuyon basin, the Sulutielke uplift and the Kashi depression (only
northwestern part), with each terrane consisting of different strati-
graphic combinations (Fig. 1B). The Sulutielke uplift is dominated by
Mesoproterozoic gneiss, which constitutes also the basement of the
Tuyon basin and the Kashi depression. The Jurassic alluvial/lacustrine
coal-bearing successions were mainly developed within the Tuyon
basin, among of the Upper Jurassic Formation hosts the Sarek Cu de-
posit. The Lower Cretaceous sandstone, conglomerate and mudstone
that deposited in alluvial and braided river environments are wide-
spread around the margin of Kashi depression and Tuyon basin, and
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Fig. 1. (A) Geotectonic locations of Tarim basin, Southern Tianshan and Western Kunlun orogens (modified after Xue et al., 2014); (B) Regional geologic map of the
western Tarim (modified after Fang et al., 2016); (C) The locations of Jurassic basins along the Talas-Fergana fault (modified after Li and Wang, 2008).

hosted a number of sandstone-hosted Zn-Pb deposits, including Uragen
(super-large, 10Mt; Xue et al., 2014), Kangxi, and Jileige. From Late
Cretaceous to Paleogene, the Kashi depression was subjected to a
widespread marine transgression, forming a succession of transitional-
marine and marine clastic rocks, carbonates and evaporates. Mean-
while, lacking of sedimentation but a large amount of basaltic magma
activities is the most characteristic feature of the Tuyon basin
(Bazhenov and Mikolaichuk, 2000; Sobel and Arnaud, 2000; Gilder
et al., 2003; Xu et al., 2003; Liang et al., 2007). In the Neogene, the
Kashi depression accumulated thick layers of lacustrine and fluvial red
beds, which host the SSC deposits such as Huayuan and Yangye.

Major regional structures include a series of ENE-/SE-trending
faults, with the most important one being the Talas-Fergana dextral
strike-slip fault. The Talas-Fergana fault is one of the most important
faults in Central Asia, and may have reactivated from the end Triassic
and to the Early Cretaceous, opening a series of Jurassic basins (e.g.,
Turgay, Kazakhstan; Leontiev, Kyrghyzstan; Tuyon and Kezileitao,
China) along the fault (Fig. 1C, Koserav et al., 1993; Allen et al., 2001;
Luo et al., 2004, 2005).

3. Ore deposit geology
3.1. Stratigraphy, structure and intrusions

The stratigraphic system of the Sarekebayi basin is composed of two
parts: the Mesoproterozoic Akesu Group basement and the overlying
Mesozoic units (Fig. 2). The Mesoproterozoic Akesu Group is divided
into six sub-groups, but only the upper three (the fourth to sixth) were
found in Sarekbayi basin. The Mesozoic units include, from bottom to
top, the Lower Jurassic Shalitashi and Kangsu Formations, Middle

Jurassic Yangye and Taerduo Formations, Upper Jurassic Kuzigongsu
Formation, and the Lower Cretaceous Kezilesu Group.

The Kezilesu Group is divided into five members, but only the lower
three (the first to third) were found in the Sarekbayi basin. Their
lithologies, from lower to upper, are described as follows. The basal
member mainly consists of mudstone with intercalated sandstone and
conglomerate, the middle member is consisted mainly of pebbly sand-
stone and siltstones, whereas the upper member is dominated by the
conglomerate, celadon pebbly sandstone and quartzarenite with thin
silty mudstone interbed. The Upper Jurassic Kuzigongsu Formation
involves two members, of which the basal member is characterized by
the presence of conglomerate, siltstone interbedded with pelitic silt-
stone, and a 2 m thick red-purple silty mudstone on its top stably. The
upper member is consisted mainly of the conglomerate locally inter-
bedded with sandstone lenses. Lithologies of the stratigraphic units are
illustrated in Fig. 3.

The Sarekbayi basin is a NE-trending, generally west plunging
syncline (Fig. 2). The northern limb dips to SE at a dip angle of 45°-65°,
whereas the southern limb dips to the NW with dip angles of 15°-25°.
The north and south boundary fault (F; and F»; Fig. 2) are the most
important faults in Sarekbayi basin, which thrusted the Mesoproter-
ozoic Akesu Group over the Mesozoic units and caused the lack of se-
dimentary rocks in the southern limb. Faults of F3 to F; occurred as
boundary fault of sub-groups of Mesoproterozoic units and were mainly
NE-trending. A few NE- and NEE-trending faults (Fg to Fo;; Fig. 2) were
also developed north of the hinge of the syncline and crosscut the
Mesozoic units and orebodies, indicating they were post-mineraliza-
tion.

About 20 diabase dikes were documented at the southern part of the
Sarekbayi basin (Fig. 2). These diabase dikes intruded the basal and
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Fig. 4. Cross sections of the Exploration Line 4 (top) and 30 (bottom) (modified after Liu et al., 2016). Location and orientation of the sections are shown in Fig. 2.

middle members of the Kezilesu Group (Fig. 5A) or along the bedding of
the middle member of the Kezilesu Group. These dikes are grey-green
with typical ophitic texture, and are crosscut by the pyrite/chalcopyrite
bearing carbonate + quartz veins (Fig. 5B), indicating the diabase
dikes were pre-mineralization.

3.2. Alteration and mineralization

Mineralization at Sareke is predominantly stratabound and occurs
as stacked arrays of lenticular bodies ranging from one to tens of meters
thick and of 2.5km long. The majority of the ores are hosted in con-
glomerate of the upper member of Kuzigongsu Formation, and minor
(sub-economic) in pebbly sandstone of the middle member of the
Kezilesu Group. Bound by the Sarekebayi synclinal axis, the southern
ore zone contains copper together with minor lead and zinc miner-
alization, whereas the northern part only contains copper orebodies
(Fig. 4).

The carbonatization is the most extensive hydrothermal alteration
at Sareke, which occurs as carbonate cement in sandstones and con-
glomerates, and that replace matrix and calcareous cements as well as
framework grains (Fig. 5C). Along with the carbonatization process, the
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color of wall rocks changed from red-purple into grey-white (sandstone,
Fig. 5D-E) and grey-green (conglomerate, Fig. 5F), respectively, and
were accompanied by disseminated Cu mineralization (Fig. 5G-H). In
general, the alteration halo of sandstone in middle member of the Ke-
zilesu Group were developed along the diabase dikes (Fig. 5I), and are
generally 1-3 m wide.

Silicification was mainly developed in the southern ore zone and
was then crosscut or replaced by calcite veins (Fig. 6A-B), indicating it
was pre-carbonatation. Chloritization only occurred locally and re-
placed the carbonate minerals (Fig. 6C), representing the last stage of
the hydrothermal alteration at Sareke. The primary sulfide minerals in
the ores are mainly chalcocite, bornite, chalcopyrite, pyrite together
with minor galena and sphalerite. Most of the pyrites are finely dis-
seminated (Fig. 6D) with carbonates and minor occur as coarse ag-
gregates (Fig. 6E). In the ores, the euhedral pyrites were often replaced
by bornite (Fig. 6G), sometimes only pyrite residues were retained
(Fig. 6H). The chalcopyrite replaced the bornite and were then replaced
by chalcocite or sphalerite (Fig. 6I), indicating the paragenetic se-
quence of metal mineral precipitation: pyrite — bornite — chalco-
pyrite — chalcocite/sphalerite. There is no significant supergene-en-
riched mineralization above the primary sulfide orebodies, whereas a
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Fig. 5. Diabase and carbonate alteration characteristics of Sareke Cu deposit. (A) The diabase crosscut the middle member of the Kezilesu Group. (B) The diabase was
crosscut by the copper sulfide bearing carbonate veins. (C) The pebbles in the conglomerate are cemented by carbonate minerals. (D) The planar alteration of
sandstone, the protolith (red) present as porphyritic residual. (E) The veinlet alteration of silty mudstone (basal member of the Kezilesu Group), and the alteration
halo is clearly distributed around the carbonate veins. (F) The band alteration of conglomerate and the associated copper mineralization. (G) The planar alteration of
conglomerate with disseminated copper sulfides. (H) The fading halo of sandstone (middle member of the Kezilesu Group) was developed along the diabase dike, the
inset shows the disseminated copper (malachite) mineralization within the alteration halo. (I) Disseminated copper (malachite) mineralization within the alteration

halo of sandstone. Mal — Malachite.

small number of malachite, covellite, chessylite and chalcanthite can
still be found in the surface of orebodies.

The Cu ores are dominantly disseminated and minor in carbo-
nate * quartz veinlets, with metallic minerals including mainly chal-
cocite (Fig. 6J) and pyrite in the northern zone to chalcopyrite
(Fig. 6K), sphalerite, galena (Fig. 6L) and pyrite in southern zone. This
gives a mineral zonation pattern of chalcocite — chalcopyrite — spha-
lerite + galena — pyrite from north to south on the whole. No silver
grades or production figures are available at Sareke, but native silver is
reported to occur as exsolution within or on the margin of bornite and
chalcopyrite (Liu et al., 2016). A summary of paragenetic sequences is
shown in Fig. 7.

4. Analytical methods and results

Six pyrite samples were collected for Re-Os dating, of which the
samples SRKPy-1 and 2 (Fig. 6D) were collected from drill cores, and
their locations were shown in Fig. 4, another four samples (fracture-
filling, SRKPy-3 to 6, Fig. 6E) were collected from ore piles. Pyrite in
the samples are all cubic euhedral, and coexists with bornite + chal-
copyrite + quartz * carbonate minerals (Fig. 6F). The samples were
crushed and then purely pyrite grains were hand-picked under a bi-
nocular microscope. The pyrite grains were crushed in an agate mortar
and then were rinsed with Milli-Q deionised water in an ultrasonic bath
for at least 20 min.

Re-Os isotope analyses were carried out at the Re-Os Laboratory,
National Research Center of Geoanalysis in Beijing, following the
method described by Li et al. (2015). Approximately 0.2 to 0.7 g of the
pyrite powder was weighed and placed in Carius tubes. The weighted
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19005 -185Re spike and 3 ml HCl, 5 ml HNO3 and 1 ml H,0, were loaded,
while the bottom part of the tube was frozen at -50 to -80°C in an
ethanol-liquid nitrogen slush. The top was sealed using a natural gas
torch. The tube was then placed in a stainless-steel jacket and heated for
24h at 230°C.

After decomposition, the glass tubes were again chilled in a bath of
liquid N5 and ethanol before opening. The osmium was separated by the
method of direct distillation from the Carius tube for 50 min, and was
then trapped in 5 ml 50% HBr. Then the HBr solution containing Os was
purified by the microdistillation method (Creaser et al., 1991). The
residual Re-bearing solution was saved in a 150 ml Teflon beaker for Re
separation.

The residual Re-bearing solution was heated to near-dryness twice.
10 ml of 25% NaOH was added to the residue followed by Re extraction
with 10 ml of acetone in a 120 ml Teflon separation funnel. Discard the
water phase afterwards. The acetone phase was washed with 2ml of
25% NaOH. The acetone phase was transferred to 100 ml beaker with
2 ml H,0. The liquid was then evaporated to dryness, and picked up in
2% HNOs3. The purified Os and Re were loaded to Pt filaments and
analyzed using negative ion thermal ionization mass spectrometry
(NTIMS), using a second electron multiplier (SEM) in peak-hopping
mode for Os and by static Faraday collectors for Re. Measured Re and
Os isotopic ratios were corrected for isobaric oxygen interferences,
mass fractionation using 185Re/187Re = 0.59738, and
19205/1880s = 3.08271 (Li et al., 2015).

The Chinese certified reference materials (JCBY sulfide), and one
sample blank was used for data quality control. Average blanks for the
method are ~1.4pg Re and ~0.09pg Os. The sample GBW04477
(JCBY) contains Re content and *8”0s/*880s ratio of 37.99 + 0.28 ppb
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Fig. 6. Mineralization characteristics of the Sareke deposit. (A) Silicification occurs as stockworks and were crosscut by calcite veins. (B) Quartz veins were crosscut
by calcite veins. (C) The chlorite replaced the calcite. (D) Typical conglomerate-hosted, disseminated euhedral pyrite. (E) Crystalline pyrite. (F) Euhedral pyrite
intergrown with bornite and chalcopyrite. (G) The cubic pyrite was replaced by bornite and chalcopyrite. (H) The bornite was replaced by chaococite, only pyrite
local residues were retained. (I) The chalcopyrite was replaced by sphalerite. (J — K) Typical conglomerate-hosted, disseminated chalcocite and chalcopyrite mi-
neralization. (L) Typical carbonate veinlet chalcopyrite + sphalerite mineralization. Qv — Quartz veins; Cal — Calcite; Chl — Chlorite; Py — Pyrite; Bn — Bornite;

Ccp — Chalcopyrite; Cc — Chalcocite; Sp — Sphalerite.

and 0.3369 + 0.0008, respectively, consistent with the certified values
of 38.61 + 0.54ppb and 0.3363 = 0.0029 (Du et al., 2013). Un-
certainties were determined by those of the blank, the '*’Re decay
constant of 1.666 x 10~ a~! (Smoliar et al., 1996), the ages were
plotted using Isoplot v 3.0 (Ludwig, 2003).

The Re and Os isotopic compositions of pyrite from the Sareke Cu
deposit are shown in Table 1. The Re abundances of pyrite range from
1.919 to 20.299 ppm, with '8Re and '®70s ranging from 1.206 to
12.758 ppm and 2.264 to 24.98 ppb, respectively. The six pyrite grains
yielded a well-constrained isochron age of 115.8 * 4.7Ma
(MSWD = 3.9; Fig. 8A), and a weighted mean age of 114.3 + 1.8 Ma
(MSWD = 2.9; Fig. 8B).

5. Discussion

The formation of Tuyon basin was likely the result of Jurassic to
Early Cretaceous reactivation of Talas-Fergana fault (Koserav et al.,
1993; Allen et al., 2001; Luo et al., 2004, 2005). Its evolution history
had been studied in detail by Liu et al. (2016) and was summarized
below:

At the onset of Early Jurassic, along with the rapid rifting, the al-
luvial fan facies conglomerate may have deposited first followed by the
continuing subsidence. A succession of lacustrine-bog facies coal series
was deposited in the late Early Jurassic. During the climax of rift stage,

semi-deep and deep lacustrine sandstone and mudstone were deposited
in the Middle Jurassic. Due to the Late Jurassic rapid subsidence, the
alluvial fan facies conglomerate of the red-bed sequence (Kuzigongsu
Formation), which host the Sareke Cu mineralization, was deposited.
From the Early Cretaceous, the rifting of Talas-Fergana diminished
gradually, and accordingly the Tuyon basin changed into a braided
river depositional environment, which involve the seal sequence
(Kezilesu Group) above the basal red-bed sequence. The late Early
Cretaceous is an important transition period, during which the Tuyon
basin transformed from extension into uplift, accompanied by extensive
basaltic magmatic activities.

The geologic features, especially the carbonate alteration and the
veinlet-type mineralization, clearly indicate that the sulfides were
precipitated after the sedimentation, and this was further demonstrated
by the pyrite Re-Os data, which yielded a well-constrained late Early
Cretaceous isochron age of 115.8 += 4.7 Ma and a weighted mean age
of 114.3 + 1.8Ma, We interpret the weighted mean age of
114.3 = 1.8Ma to represent the Cu mineralization age at Sareke,
which was coeval with the timing of Tuyon basin inversion, an im-
portant period for SSC mineralization (Hitzman et al., 2005, 2010,
2012).

The diabase dikes contain Cu sulfides- carbonate-quartz veinlets, in
common with the surrounding gray-white sandstone and the gray-green
conglomerate. Meanwhile, the alteration zones of sandstone that with



L.-T. Zhao et al.

Paragenesis

Hydrothermal stage Supergene stage

Mineral

Quartz

Calcite
Chlorite
Pyrite
Bornite

Chalcopyrite
Chalcocite

e
~—
R ——
<SR m——
Sphalerite ~<CEse—
~

Galena
Malachite

Covellite

Chessylite

Chalcanthite

Fig. 7. Paragenetic sequence of minerals at Sareke deposit.

disseminated copper mineralization developed along the diabase dikes.
These observations require that the copper mineralization affected the
sedimentary rocks and the mafic dikes at the same time and, hence, that
the mineralization must postdate intrusion. An attempt to date these
intrusions by the U-Pb method was unsuccessful because of the lack of
zircons. However, geochronology studies revealed that the timing of
mafic magma activities in the Tuyon basin were concentrated on two
episodes, the late Early Cretaceous (120 — 104 Ma, Li et al., 1995; Han
et al., 1998; Sobel and Arnaud, 2000; Xu et al., 2003) and Paleogene
(70 — 48 Ma, Wang et al., 2000; Ji et al., 2006; Liang et al., 2007), with
the former peaked at around 112Ma (Xu et al., 2003). The field evi-
dence confirms that the diabase dikes were intruded during the late
Early Cretaceous. The close space-time correlations suggest a genetic
link between the Cu mineralization and the diabase intrusion, whereas
the Pb-S isotopic compositions indicate that sulfur of ores mainly comes
from sulfate biological reduction and the ore-forming metals were all
sourced from sedimentary rocks (Li et al., 2011). Hence, we propose
that the magma activity may have provided heat to drive fluid migra-
tion during mineralization process (Hitzman et al., 2005).

Regionally, Jurassic basins (e.g., Turgay, Leontiev, Tuyon and
Kezileitao) are widely distributed along the Talas-Fergana fault

Table 1
Re-Os isotope data for pyrite in the Sareke Cu deposit, Xinjiang.
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(Burtman, 1980; Burtman et al., 1996; Allen et al., 2001; Luo et al.,
2005). The geochronology study herein of Early Cretaceous in the
Sareke region is the first unequivocal documentation copper miner-
alization event in these Jurassic basins and will be helpful for the future
exploration in the area.

6. Conclusions

The Early Cretaceous pyrite Re-Os age (114.3 + 1.8 Ma) here
provides robust evidence that the Sareke Cu deposit was formed after
the deposition of the sedimentary ore host. The contemporary Tuyon

basin inversion and mafic magmatism may have been the dynamic and
thermodynamic mechanism during the mineralizing process.
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