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ABSTRACT

A series of sandstone-type copper deposits and occurrence distribute in the Kuqa Basin, Xinjiang. Based on field sur-
veys, we carried out research into the sedimentary environment and metallogenic model of copper deposits southeast
of the basin. The relationship between the sedimentary environment/facies in the area and the copper mineralization
were summarized to explore the genesis of mineralization and the metallogenic model. We identified main sedimen-
tary facies types of alluvial fans, fan deltas, and lakes in the Neogene strata, and further identification of five subfacies
and seven microfacies were made. Our research results reveal that the genesis of sandstone-type copper mineralization
is related to the sedimentary environment, and the mineralized bodies are mainly distributed in fan delta plain facies
and fan delta front facies. Detrital zircon dating results of two samples from Kangcun area are 427.4 + 6.6 Ma, 387.3
+ 3.3 Ma and 424.6 £ 2.3 Ma, 279.9 £ 6.8 Ma.The other two samples from Duwanke area are 285.6 + 3.0 Ma, 449.5 +
3.2 Maand 427.5 £ 2.3 Ma. It indicates that the source of the copper-bearing sandy conglomerate in the Miocene Jidike
Formation (N /) is mainly from the strata and magmatic rock products formed by the geological evolution during the
Late Silurian to Early Permian
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Entorno sedimentario y fuente de materiales formadores de minerales de depositos de cobre tipo arenisca en el sureste de la

cuenca de Kuqa, Xinjiang, China
RESUMEN

Una serie de depositos y ocurrencias de cobre de tipo arenisca se distribuyen en la cuenca de Kuga, Xinjiang. Basado en
observaciones de campo los autores realizaron esta investigacion del ambiente sedimentario y del modelo metalogénico
de los depositos de cobre en sureste de la cuenca. La relacion ambiente/facies sedimentaria en el area y la mineraliza-
cion cuprifera fueron sintetizada para explorar el origen de los modelos de mineralizacion y metalogenia. Los autores
identificaron los principales tipos de facies sedimentarias de los abanicos aluviales, deltas en abanico y lagos en los
estratos nedgenos, y se realizo una identificacion adicional de cinco subfacies y siete microfacies. Los resultados de la
investigacion revelan que el origen de la mineralizacion cuprifera tipo arenisca se relaciona con el ambiente sedimentario
y que los cuerpos mineralizados se distribuyen principalmente en facies de llanura deltaica y facies de frente deltaico.
Los resultados de datacion con circon detritico de dos muestras del area de Kangcun presentan los rangos de 427.4 + 6.6
Ma, 387.3 +3.3 May 424.6 + 2.3 Ma, 279.9 + 6.8 Ma. Las otras dos muestras del area de Duwanke estan entre 285.6 +
3.0 Ma, 449.5 +3.2 Ma y 427.5 + 2.3 Ma. Esto indica que la fuente del conglomerado arenoso de contenido cuprifero en
la formacion Jidike del Mioceno proviene principalmente de los estratos y productos de roca magmatica formados por la
evolucion geoldgica durante el Silirico Tardio al Pérmico Temprano.

Palabras clave: Cuenca Kuga; depdsitos cupriferos de
tipo arenisca, ambiente sedimentario.
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Introduction

The Tarim Basin is a metallogenic and exploration area for the coexistence
of important metal minerals, coal, and oil resources in China (Lin C S et al.,
2002, Cao Y T, 2010, Zhao M J et al., 2015, Fang W X et al., 2016, Xiao Y,
2018, LuK Getal., 2019, Zhang T et al., 2020), which became a hot spot in the
study of tectonic evolution and metallogenic laws in recent years (Liu Z H et
al., 2000, Yan F L et al., 2003, Tang L J et al., 2004, Charreau J et al., 2006, Cao
Y T, 2010, Guan S W et al., 2010, Li X et al., 2013, Cai H A et al., 2022, Cai H
A, 2023). The sedimentary development of Mesozoic terrigenous clastic rocks
in the study area is relatively complete, and the sedimentary characteristics of
foreland basins are obvious (Jia C Z et al., 1995). Scholars have conducted
detailed studies on the structure (Qian J F et al., 2012, Lu K G et al., 2019),
sequence (Guo X P et al., 2002, Lin C S et al., 2002, Shao L Y et al., 2007),
sedimentary environment (Li J F et al., 2017) and paleogeography (Shao LY et
al., 2006, Tan X C et al., 2006). There are a series of sandstone-type deposits and
occurrences in the Cenozoic strata in the Kuqa Basin, such as the Dishui copper
mine (Liu D Q et al., 2005). However, the relationship between sandstone-type
copper deposits and the source-sink system of sedimentary basins needs to be
further studied.

In recent years, more and more isotopic dating of zircon in clastic rocks
has been applied to the study of basin provenance and craton geological
evolution (Wu F L and Yao Z G, 2011, Hu B et al., 2013). Therefore, based
on field investigation, this paper tests the age of volcanic clastic zircon in the
copper-bearing conglomerates of the Miocene Jidike Formation(N /), which
provides chronological evidence for the study of the relationship between
sandstone-type copper deposits and the source-sink system of sedimentary
basins, and provides a theoretical basis for future exploration work in this area.
At the same time, the record of geological events preserved by detrital zircon
in clastic rocks also provides important evidence for the geological evolution
of the Tarim Craton.

1. Geological background

There is a copper ore belt with a length of 1000 km and a width of
15~70 km in the northern margin of Tarim (Fig. 1a). The zone is composed
of Paleogene and Neogene fluvial-lacustrine sediments. The copper-bearing
sandstone-type copper sources are concentrated in the Paleogene of the Kuqa
Basin and the Wucha Basin (Liu D Q et al., 2005). Among them, the Kuqa

Basin has undergone 3 stages of tectonic movement (Liu Z H et al., 2000),
and the Neogene-Quaternary tectonic movement has formed a large thrust fold
system and a series of thrust faults in front of the Tianshan Mountains (Zhang
M Letal., 2004). It has the structural characteristics of “north-south zone, east-
west section, upper and lower layering”. The copper metallogenic belt is mainly
located in the Qiulitag anticline tectonic zone (Fig. 1a). The outcropping strata
in the area are Neogene and Quaternary, and sandstone-type copper deposits
are produced in Neogene strata. Among them, the Miocene Jidike Formation
(N /) and Kangcun Formation (N k) are ore-bearing horizons with relatively
stable production (Fig. 1b), while the Upper Miocene Kuqa Formation only
occasionally occurs copper mineralization at the sandstone and mudstone
interface. The Miocene Gidiq Formation (N /) is a set of continental clastic
rocks of the delta front, mainly interbedded with gray-green conglomerate,
purple-red, brown-red mudstone and sandy mudstone, interbedded with a small
amount of light purple-red sandstone, with a thickness of 300~840 m, and the
upper part is marked by a gypsum layer and gray-green argillaceous siltstone
at the top, and copper mineralization is common in the coarse clastic rocks of
this formation (Fig. 2a), mostly in a layered distribution (Fig. 2b). The Kangcun
Formation (N k) is a set of continental clastic sediments on the delta front,
mainly gray-green mudstone and sandy mudstone interbedded with a small
amount of gray-green mudstone and sandy mudstone, interbedded with gray
conglomerate and argillaceous medium-coarse-grained sandstone, etc., with
cross-bedding (Fig. 2¢) and occasional traces of bioturbation (Fig. 2d), which
can be further subdivided into the first member of the Kangcun Formation
and the second member of the Kangcun Formation. The first member of the
Kangcun Formation (N k') is mainly interbedded with light reddish-brown
mudstone and medium-thin bedded gray-green sandstone, with occasional
fading and alteration at the boundary (Fig. 2e), which is a favorable site for
copper mineralization, among which there are many interbeds of local gray-
dark gray thick-bedded conglomerate, interspersed with gypsum network
veins (Fig. 2f), and multi-layered thin-bedded copper mineralization is found
in coarse sandstone, mainly manifested as chalcochlorite and malachite (Fig.
2g, 2h). The second member of the Kangcun Formation (N %) is mainly
earthy yellow mudstone with a small amount of thin-bedded sandstone, with
a thickness of 205~540 m. The Kuqa Formation (N,k) is a set of continental
clastic deposits, with a lithology dominated by gray-dark gray, brown, and a
small amount of yellow-green coarse-boulder conglomerate, interbedded with
sandy mudstone, argillaceous medium-coarse sandstone, etc. (Fig. 2i), which is
in integrated contact with the under kangcun Formation.

Figure 1. Maps showing the structural zoning and copper deposits distribution in the Kuqga Basin and a simplified geological map of the Kangcun area (a) Structural zoning
map of the Kuqa Basin (Li X et al., 2013); (b) Simplified geological map
of the study area



The sedimentary environment and source of ore-forming materials of sandstone-type copper deposits in southeast Kuga Basin, 25
Xinjiang, China

Figure 2. Field outcrops of the sandstone-type copper deposits in the southeast Kuqa Basin (a) Copper mineralization in conglomerates of the Jidike Formation; (b) Copper
mineralization in coarse sandstones of the Jidike Formation; (c) Cross bedding in coarse sandstone of the Kangcun Formation; (d) Bioturbation traces in argillaceous
sandstones of the Kangcun Formation; (¢) Fading alteration in sandstones of the Kangcun Formation; (f) Coarse sandstones crossed by gypsum veins in the Kangcun

Formation; (g) Hand specimen of ore body in the Kangcun Formation; (h) Copper deposits at the interface between sandstone and mudstone in the Kangcun Formation; (i)

Sandstone and mudstone interbedding in the Kuqa Formation

2 Sandstone-type copper sedimentary environment in the Kuga Basin

The Kuqa Basin is a regenerated foreland basin (Yan F L et al., 2003),
and the Triassic foreland basin underwent Mesozoic basin extension, Late
Cretaceous extrusion, uplift and denudation, and was revived in the Cenozoic
after Paleocene transgression (Jia C Z et al., 1995, Qian J F et al., 2012), at
which time a set of continental clastic sediments were deposited in the Kuga
Basin that were denuded by the uplift of the Tianshan orogenic belt (Yang G
and Qian X L, 1995). During the Miocene, the Tianshan Orogenic Belt on the
northern margin of the foreland basin was uplifted rapidly, and the topographic
elevation difference was very different, with alluvial fan-braided fluvial
deposits in the piedmont zone, alluvial fans in the Jidike Formation, and fluvial
alluvial plains in the south (Tian Z J and Song J G, 1999). The ore-bearing rocks
in the Kangcun area are the Jidike Formation (N /) and the first member of
the Kangcun Formation (N &'), which are a set of stably distributed variegated
clastic deposits such as purple-red, brown-red, gray-green, and dark gray, with
relatively developed sedimentary structures and little change in thickness.

2.1 Sedimentary petrology characteristics

The lithologic assemblage of the Jidike Formation (N j) in the study
area is dominated by gray-green conglomerate, brown-red sandy mudstone,
interbedded with a small amount of light purple-red sandstone, which is a set
of continental clastic sediments at the delta front. The lithologic assemblage of
the Kangcun Formation (N, k) is dominated by earthy yellow, light purple-red
interspersed with a small amount of gray-green mudstone and sandy mudstone,
interbedded with gray conglomerate, argillaceous medium-coarse-grained
sandstone, etc., which is a set of continental clastic deposits of the delta front.
The lithology of the Kuga Formation (N,) is mainly gray-dark gray, brown,
with a small amount of yellow-green coarse-boulder conglomerate, interbedded

with sandy (conglomerate) mudstone, argillaceous medium-coarse sandstone,
etc. (Fig. 2i), which is in integrated contact with the under Kangcun Formation
and is a set of continental clastic deposits.

2.2 Sedimentary structures

The field investigation found that various sedimentary structures such
as bedding structures and layer structures were developed in the Neogene
strata in the study area: cross-bedding and undulating bedding were common
bedding structures in the strata in the study area (Fig. 2¢), and the common layer
structures included wave marks and bottom scouring structures.

2.3 Paleontological characteristics

The content of biological fossils in the area is very low, and only a small
number of fossils from biological caves are found in the field (Fig. 2d), which
are commonly found in siltstone and argillaceous siltstone.

2.4 Sedimentary system division and characteristics

The Neogene sedimentary systems in the Kangcun area of the Kuqa
Basin are mainly alluvial fan-fan delta and lacustrine (Fig. 3a), and the main
sedimentary facies types can be identified as alluvial fan-delta facies and
lacustrine facies (Fig. 3b-3d), and five subfacies and seven microfacies types
can be identified (Fig. 1). The main sedimentary facies characteristics are
described below.

2.4.1 Alluvial fan facies

The alluvial fan facies in the Kangcun area are concentrated in the Kuga
Formation and the Quaternary, which reflects that the survey area is arid with
less precipitation, and the temporary foothill torrent develops and forms at the



26 Qjji Fu, Xinxian Xu

mouth of the valley (Fig. 3b). The Kuqa Formation in the area is a set of coarse
clastic assemblages with typical alluvial fan facies characteristics, and the lower
part is gray conglomerate upward to gray massive conglomerate and coarse
conglomerate interbedded, and occasionally coarse sandstone lenses with
oblique bedding development.

2.4.2 Fan delta facies

The important conditions for the development of fan delta are the
large terrain elevation difference near the shore of the impoundment body,
the steep and narrow slope on the shore, and the sufficient supply of detrital
materials near the source. The study area is mainly distributed in the strata of
the Jidike Formation and the Kangcun Formation (Figs. 3b and 3c), which is
dominated by mudstone and locally interbedded with thin-bedded siltstone,
with horizontal bedding and wave-forming sand-grained bedding in siltstone.
It can be subdivided into fan delta plain subfacies, fan delta front subfacies and
forefan delta subfacies.

(1) Fan delta plain subfacies

The subfacies of the fan delta plain is characterized by the development
of coarse clastic rocks, the bedding is not developed, and the sorting and
roundness are poor. In the Kangcun area, the subfacies can be subdivided
into two microfacies, the former is mainly composed of conglomerate, coarse
sandstone and a small amount of siltstone, and the bedding includes granular
sequence bedding, parallel bedding and cross-bedding (Fig. 2¢), and the latter is
composed of mudstone and thin-bedded siltstone, with horizontal bedding and

a small amount of cross-bedding. The subfacies zone of the fan delta plain is
mainly concentrated in the Kangcun Formation (Fig. 3c).

(2) Fan-delta front subfacies

The subfacies of the fan delta front is the sedimentation of the underwater
part of the fan delta, which is usually located in the shallow water between the
shoreline and the wave base. In the Kangcun area, it can be subdivided into
underwater distributary channel microfacies, underwater distributary channel
microfacies, estuarine sand bar microfacies and leading mat sand microfacies.
The sediments of the underwater distributary channel have medium-to-
small crossbedding, oblique bedding and bottom scouring structures, and
the estuarine sand bars have antigranular sequence and cross-bedding. The
microfacies between the underwater distributary channels in the area is mainly
composed of mudstone and siltstone, with a small amount of fine sandstone,
and horizontal bedding is developed. The mat sand microfacies sediments at
the front edge have finer grain size and better sorting, and small cross-bedding
and undulating bedding are developed. The subfacies zone of the fan-delta
front margin is mainly concentrated in the Jidik Formation and the Kangcun
Formation (Figs. 3c, 3d).

(3) Front fan-delta subfacies

It is in a deep-water area below the wave base plane, and the lithological
assemblage is mudstone and thin-bedded siltstone, and the horizontal bedding
is developed. The subfacies is underdeveloped in the Kangcun area, with a
small and discontinuous area, and the lithological assemblage is mudstone and
siltstone, and the overall grain sequence is coarse upward.

Figure 3. Sedimentary facies model and distribution of sedimentary facies in the Kuqa Basin since the Neogene (Li X et al., 2013; Shi W G et al., 2015) (a) Diagram
showing the sedimentary mode of alluvial fan-fan delta-lake; (b) Distribution of sedimentary facies in the Kuga Formation; (c) Distribution of sedimentary facies in the
Kangcun Formation; (d) Distribution of sedimentary facies in the Jidike Formation

Table 1. Division of sedimentary facies in the Kangcun area, Kuqa foreland basin

Sedimentary system Sedimentary facies Subfacies Microfacies Distribution Strata
Alluvial fan facies Nk, Q
Fan delta plain Distributary channel, Diversion bay
Terrestrial fan delta facics Fan delta front U.nd§rwater diversion channels, between underwater N/, Nk
. distributary channels, estuary sandbar, Front edge sheet-
sedimentary system Front fan delta like sand
. Shore lak Nj, Nk
Lake facies ore fake . . /%
Gypsum lake Gypsum sedimentation
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2.4.3 Lake facies

It is mainly distributed in the southern part of the study area (Fig. 3d),
represented by thick-bedded mudstone gypsum rocks, which can be divided
into shallow lake subfacies and gypsum lake subfacies, and the lacustrine facies
in the study area generally has a southward shrinking trend since the Paleogene.

3 Discussions

3.1 Characteristics of copper orebody and its relationship with sedimentary
facies configuration

The overall characteristics of copper mineralization in the study area
are obviously controlled by stratigraphy, which are mainly concentrated in the
Miocene Jidike Formation and the first member of the Kangcun Formation.
Copper mineralization is dotted and disseminated in gray-white (gravel)
coarse sandstone, mainly along the interlayer or nearly vertical layer of
sand and mudstone, and the interlayer and joint surface are filled with salt
and gypsum, and the copper mineral is impregnated to the surface of gypsum and
salt, with a small thickness but a large intermittent extension. Copper minerals
include chalcochlorite, malachite, azurite and bornite, and the surrounding rock
alteration is not developed, which is a sedimentary origin of sand type copper
mineralization, and local copper mineralization enrichment areas can be mined.
Field observations and laboratory studies have identified four mineralized bodies
of varying sizes, all of which are more than 100 m in length, three of which are
over 500 m in length, and vary in thickness from 5 cm to 2.4 m (Fig. 1b).

In the early Neogene Giddic period, the lake shrank to the south,
mainly in the fan delta and lacustrine sediments; in the Kangcun period, the
sedimentary pattern of the Gidiq period was basically inherited, the fan delta
area expanded, the lake area shrank to the south, and the piedmont to the
basin was a fan delta to lake sedimentation; in the Kuqa period, alluvial fans
mainly developed in the piedmont, and alluvial fan facies, alluvial plain facies
and lacustrine facies were developed from north to south; in the Quaternary the
lakes disappeared, alluvial fan sediments were mainly developed (Fig. 3; Li X
et al., 2013). The genesis of sandstone-type copper mineralization is closely
related to the sedimentary environment of Neogene fluvial-lacustrine facies,
and the minerals are mainly distributed in the fan-delta plain facies and fan-
delta front facies. On the one hand, it is due to the development of the porosity
of coarse clastic sedimentary rocks, which is conducive to the enrichment of
copper-bearing materials, while coarse clastic sediments are often developed
in places with strong hydrodynamics. In addition, sandstone-type copper
mineralization is often related to the oxidation-reduction chemical phase at the
time of formation, and the mineralized bodies observed in the field are mostly
produced on the side of the light-colored layer at the junction of light-colored
clastic rocks and purple-red clastic rocks, which represents the initial source
layer of the oxidized geochemical facies purple-red layer, and the light-colored
layer of the reducing geochemical facies is the place where minerals accumulate
during diagenesis or metagenesis. This oxidation-reduction chemical phase is
generally found at the junction of rivers and lakes, that is, at the junction of
rivers and lakes that represent the oxidizing environment. This phenomenon is
like that of Dishui Copper (Shi W G et al., 2015; Fig. 3). Combined with the
geophysical and geochemical anomalies and the surface verification results, the
three prospecting prediction areas (Fig. 1b) are all distributed at the junction of
rivers and lakes centered on the Jidik Formation.

3.2 Provenance evolution of ore-bearing conglomerates in the Gidik Formation

The provenance zone is one of the key factors for the characteristic change
of sediments in the basin. The Kangcun area is located at the intersection of
multiple provenance systems, and the Paleogene-Neogene sedimentary system
is complex and changeable. From the perspective of the tectonic position of
the study area, the South Tianshan Mountains and the Wensu Bulge were the
main sediment supply sources in this period, and they were the main source
supply areas in the study area during the Neogene Jidik-Kangcun period (Jia
C Zetal, 1995, Qiu F Q et al., 2000, Li Z et al., 2004, Li S J et al., 2006).
Qiu F Q et al. (2000) quantitatively analyzed the skeletal mineral composition
of the sandstone, and concluded that the Cretaceous-Paleogene source area in
the Kuqa Basin was mainly the result of denudation and redeposition of the
Carboniferous strata in the southern margin of the South Tianshan Mountains

and the Silurian-Devonian strata in the South Tianshan Mountains. Li Z et al.
(2004) compared and analyzed the clastic assemblage and regional climate
change events in the Kuqa Basin and the time of tectonic uplift in the Tianshan
region, and suggested that the clastic rocks of the Miocene Jidik-Kangcun
Formation, especially the Upper Miocene Kuqa Formation, may be the result of
the superposition of tectonic uplift and frequent climate changes in the Tianshan
Mountains. Li S J et al. (2006) systematically analyzed the characteristics of heavy
mineral content in the sandstone of Kuqa Basin, and concluded that the large-
scale uplift and denudation of the South Tianshan Mountains occurred since the
Paleogene, because its uplift obscured the material contribution of the Paleozoic
accretion complex on the northern margin of the South Tianshan Mountains.

In order to study the provenance zone and age of the mineral-bearing
conglomerate in the Jidike Formation, two copper-bearing conglomerate
age samples were collected in the area of Yanshuigou in the Kangcun area,
numbered YSG-1 and YSG-2, respectively (Fig. 1b). The sample was crushed
to below 60 mesh (250 pum), the zircon was coarsely separated by magnetic
separation and heavy liquid method, and the zircon particles were picked out
under the microscope. The zircon particles are fixed in transparent epoxy resin
for grinding and polishing. Cathodoluminescence photography of the polished
zircon shows that the shape of the zircon is sub-circular and sub-angular, most
of which remain more self-shaped prismatic, and most of them are magmatic
zircon with oscillating rings. Cathodoluminescence photography and zircon U-Pb
isotope testing was done at the State Key Laboratory of Continental Dynamics
at Northwest University. The U-Pb isotopic age was measured by Agilent7500a
laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS), and
the results of cathodoluminescence irradiation, analysis points and test results
are shown in Figures 4 and 5. The YSG-1 samples measured the harmonic ages
of many groups, among which 427.4 + 6.6 Ma and 387.3 £+ 3.3 Ma harmonics
were better, and the YSG-2 samples also measured the harmonic ages of many
groups, among which 424.6 + 2.3 Ma and 279.9 + 6The age harmony between
the two groups was better at 8 Ma. The detrital zircon dating statistics show the
distribution peaks 0f 427 Ma and 424 Ma in the Early Paleozoic, corresponding to
the zircon formed by the Late Silurian magmatic activity, 387 Ma corresponding
to the zircon formed by the Middle Devonian magmatic activity, and the 280
Ma distribution peak, corresponding to the zircon formed by the early Permian
magmatic activity in the Late Paleozoic.

The Halke Mountain intrusive rocks in the southwest Tianshan Mountains
are dominated by Silurian intrusive rocks, followed by Carboniferous intrusive
rocks, and the lithology is dominated by diorite. Liu B P et al. (1996) measured
the Ping age of the Silurian intrusive amphibolite to be 420.2 + 5.9 Ma and
430.3 + 5.2 Ma, and the time period was Middle Silurian Epoch, which was
consistent with the results of this age. Volcanic rocks are developed in the Lower
Devonian Altenkos Formation outcropped in the Halke Mountain stratigraphic
community, and their lithology is mostly basalt, which may be the source of
early Devonian magmatic zircon. Liu B P et al. (1996) obtained an isotopic
age of 282 + 2 Ma (Ar/Ar method) in the medium-acid volcanic rocks near
956 km of Duku Highway, which is consistent with the zircon harmonic age of
279.9 + 6.8 Ma in the YSG-2 sample.

Li Z et al. (2004) inferred from the sandstone component model that
the development of the source type of the Cenozoic “arc orogenic belt” in
the Middle Cenozoic of the Kuqa depression is an indirect indication of the
main curtain tectonic environment of the Late Paleozoic Tianshan orogenic
orogenic structure. The provenance evolution of the Gidiq Formation and the
tectonic uplift of the Tianshan Mountains are closely related to orogenesis. The
zircon dating data of copper-bearing conglomerates of the Neophanic Gidike
Formation (N /) in this paper show that the source mainly comes from the
stratigraphy and magmatic rock products from the Late Silurian to the Early
Permian in the Tianshan orogenic belt in the northwestern and southwest of the
Kuga Basin. It may be the result of denudation and redeposition of Late Silurian
to Early Permian strata. At the same time, along with the denudation of existing
copper deposits in the orogenic belt, the copper ore-forming elements also enter
the Kuga Basin, thus forming copper mineralization that spreads along the
strata. The determinant of the scale of copper mineralization is determined by
the supply of copper-forming minerals in the source area, that is, it is controlled
by the size of the existing copper deposits (points) in the source area of the
Tianshan Orogenic Belt in Southwest China, and the occurrence horizon is
also limited by the time limit of the denudation and outcropping of the existing
copper deposits (points), which in turn forms the mineral-bearing characteristics
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of the Miocene Jidike Formation in the eastern part of the Kuga Basin, and the
mineral-bearing characteristics of the Kangcun Formation represented by the
Dishui copper deposit in the western part of the Kuqga Basin.

Regionally, the area of Sarek—Urukchati—Ullagen—Sikel is a
concentration area of large-medium conglomerate copper-lead-zinc deposits,
represented by the Sarek Copper Deposit, Huayuan Copper Deposit and Jiashi
Copper Deposit, and the Sarek Copper Deposit’s ore-bearing horizon is Jurassic,
The Cretaceous continuous sedimentary stratigraphy (Zhu X Y et al., 2011),
the ore-bearing structure of the Sazheke copper deposit is the conglomerate of

the Upper Jurassic Kuzhugongsu Formation (J.k) and the purple conglomerate
of the Lower Cretaceous Kizilsu Group (K 4z), and the Tie Creek Copper
Mine in Wensu County, the ore body is mainly hosted in the quartz sandstone
of the Middle Devonian Kiziltao Formation (D,kz) (Zhang C G et al., 2016).
The Tamu-Kalangu lead-zinc belt is in the piedmont zone of the West Kunlun
Mountains, and the deposits/occurrences occur in the carbonate rocks of the
Upper Devonian-Lower Carboniferous platform (Zhu X Y et al., 2014). These
deposits may have some potential connection to mineralisation in the study area
in time and space.

Figure 4. CL images, shrimp dating locations and results of pyroclastic zircons separated from sandstones of the Jidike Formation in the Yanshuigou area (a) CL image and
shrimp dating locations of the sample YSG-1;(b,c)Dating results of the sample YSG-1; (d) CL image and Shrimp dating locations of the sample YSG-2; (e,f) Dating results
of the sample YSG-2

Figure 5. CL images, shrimp dating locations and results of pyroclastic zircons separated from sandstones of the Jidike Formation in the Duwanke area (a) CL image and
shrimp dating locations of the sample YSG-1;(b,c)Dating results of the sample YSG-1; (d) CL image and Shrimp dating locations of the sample YSG-2; (e,f) Dating results
of the sample YSG-2
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4 Conclusions

(1) The main sedimentary facies types can be identified in the Neogene
in the southeast Kuqa foreland basin of Xinjiang, which are alluvial fan facies,
fan-delta facies and lake facies, and further 5 subfacies and 7 microfacies types
can be identified. In terms of genesis, sandstone-type copper mineralization is
closely related to the Neogene fluvial-lacustrine sedimentary environment, and
the minerals are mainly distributed in the fan-delta plain facies and fan-delta
front facies.

(2) The detrital zircon dating data show that the copper-bearing
conglomerates in the Miocene Jidike Formation (N /) in the southeast of the
Kuga Basin mainly come from the strata and magmatic rock products from the
Late Silurian to the Early Permian in the northern and southwestern Tianshan
orogenic belt in the north and southwest of the Kuqga Basin, which are the result
of redeposition after strata denudation.
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