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ARTICLE INFO ABSTRACT
Keywords: In recent years, as oil and gas exploration has increasingly advanced into deeper layers, the tectonic evolution of
Tarim craton the Tarim Basin before the Mesozoic has garnered significant attention. However, due to the scarcity of magmatic

Detrital zircon
Mountain building
Provenance

U-Pb chronology

and metamorphic records within the basin, analyses of major tectonic events remain contentious. Orogenic
events contribute substantial detrital material to nearby regions, which is consequently reflected in the detrital
zircon record. This study focuses on the sedimentary strata of the central uplift zone of the Tarim Basin. U-Pb
dating was conducted on 600 detrital zircon grains from the Silurian to the Carboniferous periods, revealing two
main age peaks at 806Ma and 452Ma. No significant peaks were observed in the age distribution outside of these
two regions. The Paleozoic zircon data obtained from this study, when combined with previously published U-Pb
age data of 2155 detrital zircons from southern and northern Tarim, indicate that these ages do not correlate with
the Grenville orogeny event occurring between 1300Ma and 900Ma. Thus, the impact of the Grenville orogeny
on the Tarim Craton appears to be very limited. The peak around 800 Ma generated by all zircon data corre-
sponds to the transition period from the breakup of the Rodinia supercontinent to the formation of Gondwana.
The collisional assembly of the north and south Tarim terranes likely occurred between 900 and 820Ma, during
which the collisional orogeny led to the formation of the central uplift zone in Tarim. In the Paleozoic, the
sediment sources of the central uplift zone in Tarim primarily originated within Tarim itself, with additional
influences from the West Kunlun orogenic belt, South Tianshan, and Altun orogenic belt.

1. Introduction as the Cambrian, Ordovician, and Silurian formations. However, due to
the impact of multiple tectonic events, the pre-Mesozoic structural
Tarim Basin, located in northwest China, is a large superimposed configuration of the Tarim Basin and its influencing factors remain un-
basin with Precambrian metamorphic basement and Neoproterozoic to clear. Core issues such as the Paleozoic tectonic evolution of Tarim and
Cenozoic sedimentary cover (Jia, 2009; Long et al., 2010; He et al., the nature of the Precambrian basement of the Tarim Basin are still
2014). In recent years, as hydrocarbon exploration has progressively under debate, hindering the progress of petroleum exploration.
advanced to deeper formations, three primary source rock intervals have The evolution of the Precambrian basement in the Tarim Basin is
been identified in the Tarim Basin: the Lower Cambrian, primarily associated with two critical periods: the Rodinia and Columbia
Carboniferous-Permian, and Triassic-Jurassic. Additionally, hydrocar- supercontinents. However, due to a lack of reliable paleomagnetic data,
bon shows have been successively discovered in Paleozoic intervals such paleontological evidence, and magmatic-metamorphic records within
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the basin, current reconstructions of the tectonic framework during
these periods largely rely on analysis and testing of magmatic rock
outcrops found in the field. This approach allows scholars to infer plate
affinities, ocean-continent transition phases, and processes of super-
continental breakup and amalgamation, thereby enabling a more
detailed reconstruction of the Tarim Craton’s evolution (Zhang et al.,
2009; Xu et al., 2013; Ge et al., 2014; Zhao et al., 2021; Wu et al., 2022).
Due to the limited number of such magmatic rock outcrops and the
interpretive ambiguity among scholars regarding experimental results,
the tectonic framework of these two critical periods remains conten-
tious: (1) A consensus has been reached that the Tarim Craton comprises
a collage of the north and south Tarim terranes; however, the exact
timing of their assembly-whether during the Rodinia or Columbia su-
percontinent periods-remains debated; (2) If the amalgamation occurred
during the Rodinia period, an additional question arises regarding the
nature of the relationship between the Tarim Craton and the Rodinia
supercontinent. Some scholars suggest that the collisional assembly of
the north and south Tarim terranes occurred around 800 Ma, corre-
sponding to the timing of the Rodinia supercontinent breakup (Guo
et al., 2005; Zhang et al., 2009; Zhao et al., 2021). At the same time,
some scholars also argue that the south and north Tarim terranes had
already completed their amalgamation by around 1800 Ma, corre-
sponding to the formation of the Columbia supercontinent (Yang et al.,
2014; Li et al., 2019; Wu et al., 2020).

Another key tectonic period in the Tarim Basin prior to the Mesozoic
is the Paleozoic, which corresponds to the primary target intervals in
current deep to ultra-deep exploration efforts. The Tarim Basin has
experienced the opening, subduction and collision orogeny of the Paleo-
Asian Ocean and the Tethys Ocean since the Neoproterozoic (Jia and
Wei, 2002; Shu et al., 2011; Xu et al., 2011). It can be seen that the
coupling relationship between the Tarim Craton and the peripheral
orogenic belt is very complex, which is controlled by the superposition
and transformation of different tectonic evolution in multiple periods.
The Paleozoic tectonic framework of the Tarim Basin has long been
debated, primarily due to the presence of three dynamic sources during
this period: first, the subduction and consumption of the Proto-Tethys
Ocean along the southern margin of the basin (Zhang et al., 2019; Gao
et al., 2024); second, the subduction and consumption of the South
Tianshan Ocean along the northern margin (Carroll et al., 2001; Wang
et al., 2011; Ge et al., 2012a,b; Lin et al., 2013); and third, the sub-
duction and consumption of the Altyn Ocean along the southeastern
margin of the basin. Identifying the links between the basin and the
tectonic evolution of various orogenic belts is crucial to unraveling the
complex Paleozoic basin-mountain relationships in the Tarim Basin.

Detrital zircon, due to its high closure temperature, stable mineral
properties, and strong resistance to thermal alteration, is widely
distributed in igneous, metamorphic, and sedimentary rocks. It has been
extensively used in recent years to study provenance, plate tectonics,
and the formation and evolution of orogenic belts, as it can provide
crucial information about the characteristics of the parent rock and its
depositional age (Eizenhofer et al., 2014, 2015; Eizenhofer and Zhao,
2018; Chen et al., 2020; Wang et al., 2020a,b; Feng et al., 2023). Sedi-
mentary strata buried thousands of meters underground record the
lithological changes from the basement to the surface, providing more
effective constraints for understanding long-term geological evolution.
Previous studies have predominantly focused on the typical igneous
rocks exposed in the northern and southern Tarim Basin, with relatively
little attention given to the sedimentary cover of the central uplift.
Compared to igneous rocks, sedimentary rocks are less advantageous in
indicating specific large-scale tectonic events. However, for the central
Tarim Basin, even if this region received distal sediments at a particular
time, records of major tectonic events, such as the collisional assembly
of the north and south Tarim terranes, would certainly be preserved
within the sedimentary deposits. Therefore, the advantage of selecting
Paleozoic detrital zircon samples from within the central uplift zone for
this study lies in its location at the junction of the south and north Tarim
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terranes. This positioning allows it to capture zircons from contempo-
raneous outcrops of igneous and sedimentary strata in adjacent areas,
without the need to rely on the currently typical outcrops of the south
and north Tarim terranes for indicators.

Focusing on the Paleozoic sediments in the central uplift of Tarim
Basin, this paper presents a detailed chronological analysis of detrital
zircon U-Pb dating based on existing literature. There are two directions
in this paper. Firstly, by analyzing the peak ages and distribution of
detrital zircons, the study further focuses on the pre-Paleozoic major
tectonic events in the central Tarim Basin, proposing a model for the
collision between the south and north Tarim terranes. Secondly, by
analyzing the characteristics of provenance changes during different
Paleozoic periods, the study further investigates and clarifies the tec-
tonic evolution history of central Tarim during these periods, proposing
the Paleozoic basin-mountain coupling relationships between Tarim and
the surrounding orogenic belts.

2. Geological settings

Tarim Basin is one of the three cratons in China. It is surrounded by
three orogenic belts: Tianshan Mountain in the north, Altun Mountain in
the southeast and Kunlun Mountain in the southwest (Fig. 1. A). The
Tarim Basin exhibits a typical double-layered structure, consisting of a
Precambrian crystalline basement and a sedimentary cover that has
accumulated since the Neoproterozoic (Jia et al., 2009). The Precam-
brian tectonic evolution of the Tarim Basin can be divided into three
stages: the first is the Archean basement evolution stage (Long et al.,
20105 Zong et al., 2013; Guo et al., 2013; He et al., 2014); the second is
the Mesoproterozoic response stage of the Tarim Basin to the assembly
and breakup of the Columbia supercontinent (Shu et al., 2011; Long
et al.,, 2012; Ge et al., 2013; Wang et al., 2020a,b; Wu et al., 2020; Guo
etal., 2022, 2023); and the third is the Neoproterozoic response stage to
the assembly and breakup of the Rodinia supercontinent (Xu et al., 2013;
Wen et al., 2018; He et al., 2019; Zhao et al., 2021; Li et al., 2025). These
three stages correspond to multiple magmatic and metamorphic events
discovered in the Tarim Basin and its surrounding areas, with key dates
primarily including the Late Archean (2.8-2.5Ga), the Middle Paleo-
proterozoic (2.0-1.8Ga), and the Neoproterozoic (1000-600 Ma).

In recent years, with the continuous advancement of Precambrian
geological research in the Tarim Basin, many scholars have obtained
ages for late Archean TTG (tonalite-trondhjemite-granodiorite) rocks
and granites. For instance, Long et al. (2010) obtained an age of 2516
Ma for TTG rocks and granitic gneisses in the Kuruktag area. Zong et al.
(2013) reported TTG rock ages of 2.7-2.6 Ga in the Dunhuang region. At
the same time, these TTG rocks exhibit geochemical characteristics
similar to those of volcanic island arcs, suggesting that the Tarim region
experienced a subduction-related tectonic thermal event during the late
Archean.

The mid-Proterozoic (2.0-1.8 Ga) Tarim Basin is considered to have
been involved in subduction-accretion and collision processes associated
with the Columbia supercontinent (Zhang et al., 2007; Shu et al., 2011;
Chen et al., 2013; Ge et al., 2013; He et al., 2014; Yang et al., 2018).
However, these data are primarily derived from outcrops in the north-
eastern or southwestern parts of the Tarim Basin. Ge et al. (2013) pro-
posed the existence of two orogenic belts in the mid-Proterozoic Tarim,
including a northern orogenic belt with ages between 1.9 and 1.8 Ga and
a southern orogenic belt with ages between 2.0 and 1.9 Ga. Chen et al.
(2013) suggested two subduction-collision events in the Proterozoic,
occurring at 1.95-1.90 Ga and 1.82-1.80 Ga. Shu et al. (2011) obtained
a U-Pb age of 1931Ma for granitic gneiss in the Kuruktag region of
Tarim, while He et al. (2014) discovered a significant 1900 Ma peak of
metamorphic zircons in Neoproterozoic strata in northwestern Tarim.
Additionally, Zhang et al. (2007) reported granites dated to 2.4-2.3Ga in
the foreland of the West Kunlun Mountains in southwestern Tarim and
found zircon overgrowth ages of 1.9Ga. Yang et al. (2018) obtained an
age of approximately 1920 Ma for granites from drill cores in the central
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Fig. 1. A. Geological map of Tarim Craton and its surrounding areas (modified after Xu et al., 2013); B. Lithologic column diagram of the central Tarim Basin.

Tarim terrane. These age findings indicate that an important tectono-
thermal event occurred in the Tarim during the mid-Proterozoic.

During the Neoproterozoic, the Tarim Basin recorded a significant
number of magmatic and metamorphic events associated with the evo-
lution of the Rodinia supercontinent (Ge et al., 2012a,b; Han et al.,
2012; Zhao et al., 2021; Wu et al., 2022; Li et al., 2025). Li et al. (2025)
discovered granitic ages of approximately 920 Ma along the margins of
the Tarim Basin and interpreted them as products of a
subduction-related setting. Zhao et al. (2021) used paleomagnetic data
to show that there was a latitudinal difference of 28° between South
Tarim and North Tarim at 900 Ma, and they constrained the suturing
time of the two terranes to between 870 and 820 Ma. Wu et al. (2022)
suggested that around 830-790 Ma, subduction of the northern margin
of the Tarim Craton beneath the Ili-Central Tian Shan region led to
syn-collisional magmatic activity. Xu et al. (2005) found bimodal vol-
canic rock ages of 755 Ma in the Beiyixi Formation in the northeastern
Tarim, interpreting this period as corresponding to a rifting environment
in the northeastern part of the Tarim Basin. Ge et al. (2012) obtained
granite ages of 660-630 Ma in the Kuruktag region and associated them
with the amalgamation of the Gondwana supercontinent.

During the Paleozoic, the Tarim Basin experienced complex tectonic
movements, including the subduction and consumption of the oceanic
crust of the proto-Tethys Ocean and the South Tianshan Ocean, as well
as continent-continent collisions and compression. These tectonic events
left extensive magmatic records both in the orogenic belts and within the
basin. For instance, Kang et al. (2013) identified granites with a for-
mation age of 450Ma in the South Altyn region. Ge et al. (2012) iden-
tified granodiorite in the Korla region with a crystallization age of
420Ma, inferring that the initiation of South Tianshan Ocean subduction
occurred before 420Ma. Similarly, Chen et al., 2020 discovered granite
dated to approximately 477Ma in central West Kunlun, interpreting it as
a product of the Proto-Tethys Ocean subduction.

The central uplift zone is an important tectonic unit in the Tarim
Basin, which consists of three secondary tectonic units: Bachu Uplift,
Tazhong Uplift and Tadong uplift. The sampling points of this study are
located in the Carboniferous to Silurian strata of Bachu Uplift (Fig. 1. B).
In the Silurian period, the Bachu area was a shallow-littoral-continental
clastic sedimentary environment with light gray sandstone and brown
mudstone as the main lithology. In the Devonian period, it is mainly a

light gray gravelly sandstone and a fine sandstone. In the Carboniferous
period, mudstone, limestone and sandstone were developed, and the
sedimentary environment was mainly coastal shallow sea, open plat-
form and continental sedimentary environment.

3. Sampling and methods

We collected six core samples from the Carboniferous to Silurian
systems from two wells in the Bachu Uplift, a secondary tectonic unit of
the central uplift. It consists of four Silurian sandstones (H3-2855.01,
H3-3241.5, H3-3404.5, H3-3410.1), one Devonian sandstone (Htl-
3632.18), and one carboniferous sandstone (Ht1-3423.0) (Fig. 2). The
locations of the two wells are indicated on the map (Sampling Location
of Fig. 1). The lithologic column of the six samples is shown in Fig. 2. It
can be observed that interbedding of sandstone and mudstone layers is
frequent in the Silurian and the lowest Carboniferous strata, and a
pattern also reflected in thin sections A and B (Fig. 2). This phenomenon
may result from intense tectonic activity during these periods, which
created unstable depositional environments and led to rapid changes in
sedimentary conditions. From the observation of photomicrograph, it is
evident that the grain size of H3-2855.01 is significantly smaller than
that of H3-3404.5. This difference may be attributed to the distinct
provenance of the sediments, suggesting that they originated from
different sources. Additionally, the grain size of the Devonian sample
Ht1-3632.18 is similar to that of H3-3404.5, with both exhibiting poor
roundness, possibly indicating a similar provenance. During sediment
transport, larger grains tend to settle more readily, while finer grains can
be carried further. Based on this, we infer that the tectonic configuration
during the deposition of H3-2855.01 and H3-3404.5 may have changed.
Furthermore, the tectonic configuration during the deposition of H3-
3404.5 and Ht1-3632.18 appears to be similar, as these two samples
likely received sediment sources located closer than those of H3-
2855.01.

Each sandstone sample was processed following traditional proced-
ures, starting with mechanical crushing and washing. The samples were
then treated using heavy liquid separation and magnetic separation
techniques. Approximately 200 zircon grains were manually selected
under a microscope and fixed onto double-sided adhesive tape, which
was then embedded in epoxy resin to create a mount. After the epoxy
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H3-3241.5

Fig. 2. Core column diagram and sampling location of the well (left), thin section photomicrographs of samples (Right).

resin had fully cured, the mount was polished to reveal the zircon sur-
faces and internal structures. Subsequently, transmitted, reflected, and
cathodoluminescence (CL) images were taken, and zircon grains without
cracks or inclusions were selected for further age testing.

Zircon U-Pb dating was completed on the Laser denudation induc-
tively coupled Plasma Mass Spectrometer (LA-ICP-MS) at the Laboratory
of Basin Tectonics and Oil and Gas Accumulation, Petroleum Geology
Experimental Research Center, Research Institute of Petroleum Explo-
ration and Development, China. NWV 193 nm laser and Element SF-ICP-
MS mass spectrometer are used. Based on the transmitted, reflected, and
cathodoluminescence (CL) images, the ablation spots were determined.
The instrument signals were tuned using NIST614 to achieve optimal
testing conditions, and the laser ablation parameters were set, including
a spot size of 30 pm and an ablation frequency of 3 Hz. In this study, 100
zircon grains from each sample were randomly selected for analysis to
ensure that the results accurately reflect the provenance characteristics.
For the selected ablation sites, every eight sites were interspersed with a
set of standards for data calibration. The standards included the inter-
national standard zircons NIST610, 91500, and PLE. The data were
processed using Iolite software for baseline correction and blank sub-
traction to generate the final dataset. Age calculations and plot gener-
ation were then performed using Isoplot 4.15 software. The 2%7Pb,/2%6pb
age is used when zircon age is higher than 1000 Ma, and the 2°6pb/238y
age is used when zircon age is lower than 1000 Ma. When screening the
valid data, the ratio of 2°°Pb/?38U and 2°7Pb/%?3U is used as the selection
criteria, and the compatibility degree greater than 90% is the valid data.
Invalid data will not be considered in this study.

To avoid a simplistic visual classification of zircon age distributions,
this study plans to analyze the correlation of age populations among
different samples to achieve a more refined classification. A comparative
analysis of the zircon U-Pb age data from each sample was conducted
using the Kolmogorov-Smirnov (K-S) non-parametric test, based on
statistical principles, to reveal differences between samples from
different stratigraphic levels. The Kolmogorov-Smirnov (K-S) test is a
statistical method that first constructs cumulative probability curves for
the zircon U-Pb age data of different datasets. The degree of correlation
between the samples is then reflected by calculating the P-value (cor-
relation coefficient). When P < 0.001, it means that there is a significant
difference between the two sample age datasets; when 0.001 < P < 0.05,
it means that the difference between the two datasets is not significant;
when P > 0.05, it indicates that there is no significant difference

between the two datasets, suggesting that the two samples are highly
likely to originate from the same population.

4. Results
4.1. Origin of detrital zircon

The external morphology, internal structure and Th/U ratio of
detrital zircon can reflect the origin of zircon and indicate whether it has
undergone long distance transportation (Fig. 3). In this study, a total of
six samples comprising 600 detrital zircon grains were selected for U-Pb
isotopic age analysis. Data with discordance greater than 10% and ages
younger than the stratigraphic age were excluded (the stratigraphic age
is determined through early seismic data and paleontological data from
the oilfield), 542 zircons with concordant ages were retained for further
analysis. In terms of external morphology, the six sample groups are
generally similar, with grain sizes ranging from 50 to 350 pm and aspect
ratios of approximately 1:1 to 1:5. Most of the zircons exhibit angular to
sub-angular shapes, with a smaller portion showing sub-rounded to
rounded shapes. The presence of angular zircons indicates short-
distance transport, leading us to infer that the Paleozoic strata in the
study area were primarily deposited through proximal sediment trans-
port. From the perspective of internal structure characteristics of zir-
cons, most of the zircons in this experiment can be seen with obvious
oscillating zonings, which are episodic growth phenomena caused by
differences in fluid composition at different stages during the zircon
crystallization process. The oscillating zonings usually represent
magmatic origin and are different from the cloud zonings caused by
metamorphism (Corfu et al., 2003; Hanchar and Rundnick, 1995; Hos-
kin and Black, 2000). In addition, the ratio of Th and U content in
detrital zircons can also be used to determine the origin of zircons,
among which the Th/U ratio of magmatic zircons is generally higher
than 0.1, and the Th/U ratio of metamorphic zircons is generally less
than 0.1 (Fig. 4). Among the 542 concordant detrital zircon samples,
none had a Th/U ratio of less than 0.1. Combined with the analysis of the
internal structural features and Th/U ratios mentioned above, our zircon
samples are characteristic of magmatic origin. The U-Pb ages of indi-
vidual zircons indicate their crystallization time during magmatic ac-
tivity. Therefore, the results of this zircon dating should correspond well
with the tectonothermal events in the interior of the Tarim Basin and the
surrounding regions of Tarim during geological history.
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Fig. 3. Representative zircon grains from each sample in this experiment.
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Fig. 4. Th/U versus age concordia diagram for each zircon grain.

4.2. U-Pb age of detrital zircon

4.2.1. Silurian samples
The four Silurian samples were H3-2855.01, H3-3241.5, H3-3404.5

and H3-3410.1. Samples H3-2855.01 produced a total of 94 homonic
zircon ages, and identified three major age groups, namely 414-500Ma,
590-1200Ma, and 1300-2768Ma. The nuclear density estimate map
produced two major peaks at 457Ma and 83 Ma. Samples H3-3241.5
produced a total of 76 harmonic zircon ages, which can be divided
into three main age groups, namely 417-490Ma, 510-1300Ma and 1400-
2626Ma. The probability density estimate map produced three main
peaks at 438Ma, 715Ma and 806Ma. Samples H3-3404.5 produced a
total of 97 harmonic zircon ages, which can be divided into three major
age groups, namely 413-560Ma, 710-840Ma and 970-2792Ma. The
probability density estimate map produced two major peaks at 421Ma
and 795Ma. Sample H3-3410.1 produced a total of 98 harmonic zircon
ages, which can be divided into three major age groups, namely 412-
520Ma, 700-1100Ma and 1300-2553Ma. The probability density esti-
mate map produced three major peaks at 422Ma and 791Ma (Figs. 5 and
6).

4.2.2. Devonian samples

The Devonian sample was Ht1-3632.18. Samples Ht1-3632.18 pro-
duced a total of 93 homonic zircon ages, and identified two major age
groups, namely 433-1100Ma and 1200-2958Ma. The number of zircons
in the two age groups is 62 and 31, accounting for 66.7% and 33.3%,
respectively. The estimated nuclear density map produced a main peak
at 836Ma (Figs. 5 and 6).

4.2.3. Carboniferous samples
The carboniferous sample is Ht1-3423.0. A total of 84 harmonic
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zircon ages were obtained from sample Ht1-3423.0, and three major age
groups were identified, namely 297-490Ma, 510-930Ma and 1080-
2655Ma. The proportion of zircons in the three age groups was 21.4%,
50% and 28.6%, respectively. The kernel density estimate map produces
two main peaks at 444Ma and 786Ma (Figs. 5 and 6).

Fig. 6. Histograms and normalized probability curves of ages of detrital zircons.

4.3. K-S test results

The primary objective of this K-S test is to examine the variability
between samples, allowing for further inferences on the tectonic evo-
lution during key Paleozoic periods based on differences in provenance
across various Paleozoic stages (Table 1 and Fig. 7). The K-S test results
indicate a strong similarity among three of the four Silurian samples-H3-
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Table 1
Results of the Kolmogorov-Smirnov test (P values) between the analyzed samples.
Ht1-3423.0 Ht1-3632.18 H3-2855.01 H3-3241.5 H3-3404.5 H3-3410.1
Ht1-3423.0 0.000 0.001 0.327 0.003 0.004
Ht1-3632.18 0.000 0.000 0.000 0.000 0.000
H3-2855.01 0.001 0.000 0.000 0.000 0.000
H3-3241.5 0.327 0.000 0.000 0.009 0.009
H3-3404.5 0.003 0.000 0.000 0.009 0.751
H3-3410.1 0.004 0.000 0.000 0.009 0.751
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Fig. 7. Cumulative probability density plots for the different sand-

stone samples.

3241.5, H3-3404.5, and H3-3410.1-suggesting that their provenance
likely originated from the same region. This also implies that no major
tectonic deformation occurred within the Tarim Craton during this
period that would have altered the provenance in the central region.
Another Silurian sample, H3-2855.01, was cored from a vertical position
over 400 m away from the other three samples. It shows some similarity
with the data set of the Carboniferous sample Ht1-3423.0 but lacks
correlation with the other three Silurian samples. The Devonian sample
Ht1-3632.18 displays no correlation with any other samples, suggesting
from a statistical perspective that a substantial change in provenance
occurred at this time, possibly indicating a major orogenic event within
or along the basin margins. The Carboniferous sample Ht1-3423.0 shows
no correlation with the Devonian sample but has p-values greater than
0.001 with all Silurian samples. Notably, its p-value with H3-3241.5
reaches 0.327, suggesting a likely shared provenance between the
two. It is also noteworthy that H3-2855.01, the youngest Silurian sample
in this study, exhibits distinct differences from the other samples, similar
to the Devonian sample. From a statistical point of view, we infer that
the major tectonic changes in the central uplift zone of the Tarim Basin
during the Devonian may have initiated as early as the Silurian.

5. Discussion
5.1. Zircon age and regional tectonic heat events

In this study, a total of 542 detrital zircons with concordant ages
were obtained, displaying a wide U-Pb age range from 2958Ma to

297Ma. This suggests that the samples capture multiple tectonothermal
events spanning from the Archean to the Paleozoic. The Archean zircons

(2958-2500Ma) correspond to the formation age of the ancient base-
ment of the Tarim Crton (2800-2500Ma). Magmatic records from this
period have been found in the Kuruktag, West Kunlun, and Altyn regions
of the Tarim Basin (Long et al., 2010; Zong et al., 2013; He et al., 2014).
We hypothesize that the Archean zircons from the central uplift zone in
this study originated from these three regions. Zircon ages ranging from
2500Ma to 2000Ma represent widespread magmatic activity within the
ancient basement of the Tarim during the early Paleoproterozoic. These
magmatic events, identified in the southwestern Tarim region, signify
the growth of the cratonic core (Zhang et al., 2003a,b). During the
Middle to Late Paleoproterozoic (2000-1500Ma), the Tarim Basin un-
derwent collisional orogenic events, which may be associated with the
assembly and breakup of the Columbia supercontinent. Several re-
searchers have obtained age data from Tarim indicative of tectono-
thermal events during this period (Xin et al., 2011; Wang et al., 2017;
Yang et al., 2018; Zhang et al., 2018; Cai et al., 2020). Beyond the data
mentioned in Section 2 (Geological settings) above, Xin et al. (2011)
found 1.87Ga of quartz syenite with A-type granite characteristics in the
Altun area, southeast margin of the Tarim Basin, indicating that the
Tarim Basin was in a state of extension at this time. Wang et al. (2017)
discovered A-type granite with an intrusion age of 1.73Ga in the Altun
area and speculated that it was the product of large-scale rifting in the
late Paleoproterozoic of the Tarim Basin. Cai et al. (2020) obtained ages
of 2.0-1.9 Ga for metamorphic rocks in the central Tarim region and
suggested that these rocks are related to the amalgamation of the Tarim
Basin with the Columbia supercontinent. Overall, a certain number of
igneous rock outcrops from this period have been discovered in the
Tarim Basin. Considering the global collisional events occurring during
the Paleoproterozoic (2.1-1.8Ga) (Zhao et al., 2002; Santosh et al.,
2006), we infer that the Paleoproterozoic zircons after 2.0Ga in this
study primarily derive from volcanic records within the Tarim Basin
related to the Columbia supercontinent, with the possibility of addi-
tional contributions from zircons originating in other global regions.
There is a general lack of mesoproterozoic event records in the Tarim
Basin and its surrounding areas, during which the Tarim Craton was
widely subjected to passive continental margin deposition. Previous
studies have identified very few ages of magmatic rocks from the Mes-
oproterozoic, with most of them concentrated in the early Mesoproter-
ozoic. Zhang et al., 2018 found a 1.55Ga diabase in the Kuruktag area
and suggested that the diabase formed in an intraplate tension envi-
ronment, which coincided with the breakup time of the Columbia su-
percontinent. Wang et al., 2017 discovered diabase with an age of 1497
Ma in the northern Tarim and interpreted it as originating from a rift
environment. Zhang et al. (2003) determined the age of 1.2Ga of the
Liancat Group igneous rocks in southwest Tarim by means of Sm-Nd
isochron, and Zhang et al. (2007) also determined the age of 1.05Ga
of metamorphic amphibole in this area by “°Ar/3°Ar. In this experiment,
a small number of zircon ages were distributed between 1500 and 1000
Ma, corresponding to the relatively few tectonic events in the Tarim
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Basin during this period. It is worth noting that the absence of zircon
ages between 1.3Ga and 1.0Ga within the basin raises ongoing debate in
the academic community regarding whether the Tarim Basin partici-
pated in the Rodinia supercontinent assembly. The existence of a
Grenville orogen within the basin remains a mystery.

All the detrital zircon samples in this experiment have peak values
around 800Ma, which corresponds to the widely existing magmatic re-
cords in and around the Tarim Basin studied by predecessors (Zhang
et al., 2006, 2012; Xu et al., 2009), we speculate that the Tarim Basin
participated in the breakup of the Rodinia supercontinent. During the
Paleozoic, the Tarim Basin was formed between the West Kunlun Ocean,
the Altun Ocean and the South Tianshan Ocean. With the continuous
subduction and orogeny of the three ocean basins in the Paleozoic and
the Tarim Craton, a large number of crystalline rocks associated with the
subduction and closure of the ocean basins were produced (Wei et al.,
2002; Wu et al., 2010; Wang et al., 2013; Zhang et al., 2019), the zircons
analyzed in this study originated from this source.

5.2. The connection between the tarim plate and the Rodinia
supercontinent

Rodinia supercontinent is another supercontinent after Colombia
supercontinent. Due to its relatively complete record of sedimentary
rocks, metamorphic rocks and magmatic rocks, the study of geological
events related to the assembly and breakup of Rodinia supercontinent
has become a hot spot of geological research worldwide (Ge et al., 2014;
Zhao et al., 2021; Zhou et al., 2021). The relationship between the Tarim
Craton and the Rodinia supercontinent has long been controversial.

5.2.1. Whether there is grenville orogenic belt on the tarim plate

The Grenville orogeny created one of the largest orogenic belts in
geological history, known as the Grenville orogenic belt. This orogeny
refers to the mountain-building events caused by the collision of land-
masses during the assembly of the Rodinia supercontinent, which
stitched together a series of continental blocks and microcontinents to
form the supercontinent of Rodinia. Therefore, the determination of the
Grenville orogenic event is considered to be direct evidence of the
involvement of continental blocks in the gathering of the Rodinia su-
percontinent. The Tarim Craton, a major land mass in Central Asia, is
considered to be a component of the Rodinian supercontinent. Scattered
magmatic records around the Tarim Craton, dating to approximately
1.05-0.9Ga, have been interpreted as evidence of the Grenvillian event.
However, many of these ages require further validation. For instance, Li
et al. (2003) obtained an age of 932Ma from a granite sample in a well
from the Tazhong uplift, which has been cited by numerous researchers
as evidence of Grenvillian activity in the Tazhong uplift (Xu et al., 2013;
Zhangetal., 2016; Wen et al., 2018). However, subsequent zircon dating
by Wu et al. (2009) on a sample from the same well core yielded an age
of 757Ma, contradicting earlier conclusions.

Zircon is typically abundant in magmatic rocks with high silica
content, such as granite and granodiorite. The processes of crustal
thickening and partial melting during collisional orogeny and post-
collisional phases are primary mechanisms for the formation of these
acidic to intermediate-acidic magmas. In contrast, during oceanic crust
subduction phases and periods of plate extension and rifting, magmatic
activity-such as that associated with island arc volcanism-also occurs;
however, these magmas are predominantly basaltic, with limited zircon
crystallization (Niu et al., 2021). Therefore, collisional orogenic events
are often accompanied by extensive synchronous magmatic activity,
generating substantial volumes of intermediate to acidic magmatic rocks
and abundant zircon crystals, thus providing a source for surrounding
areas. Such events typically leave distinct age peaks in detrital zircon
records within sedimentary rocks (Hawkesworth et al., 2009). Assessing
orogenic belt models through detrital zircon age peaks has thus become
a common approach (Rainbird et al., 1992; Gehrels, 2014). It is unde-
niable that, in certain cases, compressional mechanisms induced by
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continental collision may inhibit magmatic activity. This inhibition
typically occurs because sustained collision leads to lithospheric thick-
ening, which increases resistance to ascending magma and hinders its
ability to reach the surface. The aim of this study is to conduct a pre-
liminary identification of tectonic events from a geochronological
perspective; therefore, we have not accounted for such cases in this
analysis. Globally, the Grenvillian orogeny typically leaves significant
detrital zircon records in surrounding regions, as observed in eastern
North America (Clay et al.,, 2021), southwestern North America
(Howard et al., 2015), northern Scotland (Krabbendam et al., 2017), and
eastern Canada (Gower et al., 2008). Consequently, if a major Grenvil-
lian event occurred in central Tarim, by analogy, we would expect to
find similar records in the extensive detrital deposits of the Tarim Basin.

This study collected published Neoproterozoic detrital zircon data
from northern and southern Tarim, along with Paleozoic data obtained
from central Tarim in this experiment, yielding a total of 2155 detrital
zircon U-Pb age data points. On the whole, the zircon data of Southern
Tarim, Central Tarim and Northern Tarim all form the major peaks in the
900-700Ma range, which is not corresponding to the Grenville orogeny
event in the 1300-900Ma range, and the 900-700Ma peak is located in
the period of transition from the Rodinian supercontinent to Gondwana
continent (Fig. 8). Therefore, based on the statistical results of the age
data, we conclude that the impact of the Grenvillian continent-continent
collisional orogeny on the Tarim Craton was quite limited.

5.2.2. Collage time of north and South Tarim terranes

The above research indicates that during the Grenvillian orogeny
(1.3-0.9Ga), the Tarim Basin lacks zircon geochronological records.
Consequently, the timing of continent-continent collision and amal-
gamation of the north and south Tarim terranes also falls outside the
timeframe of the Grenvillian event. In summary, scholars currently hold
two main perspectives regarding the timing of the amalgamation of the
north and south Tarim terranes. The first suggests that the amalgam-
ation occurred between 2000Ma and 1900Ma. The primary evidence
supporting this view is the discovery of a series of 2.0-1.9Ga igneous
rocks south of the central high magnetic anomaly zone in the Tarim
Basin’s basement, leading to the hypothesis that during this period, the
north Tarim terrane subducted towards and eventually collided with the
south Tarim terrane (Yang et al., 2018; Wu et al., 2020). The second
perspective posits that the amalgamation of the north and south Tarim
terranes occurred between 900Ma and 700Ma, a view supported by a
group of scholars. Representative data presented by Zhao et al. (2021)
indicate a latitudinal difference of 28° between northern and southern
Tarim around 900Ma, suggesting that an ocean still separated the north
and south Tarim terranes at that time.

The first perspective does not hold up based on our data analysis.
There are only 18 zircons with ages between 2000 and 1800Ma, of
which only 7 fall within the 2000-1900Ma range, far fewer than the 142
zircons aged between 900 and 800Ma. Given that we expect tectonic
amalgamation to manifest as prominent peaks in detrital zircon records,
it is unsuitable to attribute the assembly of the Columbia supercontinent
as the timing for the amalgamation of the north and south Tarim ter-
ranes The second idea, according to the results of this study, is a more
appropriate interval. Igneous rocks in this region are widely developed
in the Tarim Basin. Previous studies suggest that the disintegration of the
Tarim Basin from the Rodinia supercontinent is a episodic process,
which can be divided into four stages. The first two periods were
concentrated in 820-800Ma and 780-760Ma respectively, and the main
rock types were ultramafic and ferromagnesic melange, A-type granite,
and basic dike groups distributed in Aksu and West Kunlun areas (Long
et al., 2011; Zhang et al., 2011), the third stage is 740-735Ma, mainly
bimodal intrusive rocks distributed in the Kuruktag area (Xu et al., 2009;
Zhang et al., 2013); The fourth stage is 650-635Ma, which mainly rep-
resents rock types including basic dike group, andesite and potassic
granite (Zhu et al., 2008). Scholars interpret the magmatic rocks in these
four stages as the products of continental rifting, and propose that they
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Fig. 8. Age spectra of detrital zircons in three major terranes of Tarim Basin. North Tarim Terrane (Wu et al., 2018; Ding et al., 2015; Sun et al., 2022); South Tarim

Terrane (Wang et al., 2015, 2020; Wang et al., 2020a,b).

may be related to the multi-stage mantle plume related to the breakup of
the Rodinia supercontinent (Zhu et al., 2008; Xu et al., 2009; Long et al.,
2011; Zhang et al., 2011, 2013). Therefore, after 820 Ma, the tarim is in
a rift environment, which may represent a state of extension, so there is
no possibility of plate collision at this stage. Based on previous research,
we propose a model for the amalgamation of the northern and southern
Tarim, suggesting that the south Tarim terrane, central Tarim, and north
Tarim terrane amalgamated between 900Ma and 820Ma, followed by
the influence of mantle plume upwelling during the breakup of Rodinia
between 820Ma and 600Ma (Fig. 9). It is worth noting that this model is
similar to the widely accepted "collision-breakup model" of the Tarim

1300Ma-900Ma
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TT ‘. =1 NTT
900Ma—-820Ma

CT
R i

820Ma-600Ma

] (<] [
Terrane Oceanic Accretionary Magmatic Rodinia
Crust Complex activity Plume

Fig. 9. Collage pattern of North and south Tarim terranes (modified after
Zhang et al., 2024). Note: NTT, North Tarim terrane; STT, South Tarim terrane;
CT, Central Tarim terrane.

block’s relationship with the Rodinia supercontinent proposed by earlier
scholars (Xu et al., 2013; Zhang et al., 2016). This model suggests that
the south Tarim terrane amalgamated with northern Australia during
the late Mesoproterozoic to early Neoproterozoic via a “Grenvillian”
orogenic belt. Subsequently, between 900 and 820Ma, it joined with the
north Tarim terrane along the Tazhong suture during the mid to late
Neoproterozoic. Magmatic activity in Tarim after 820Ma is thus inter-
preted by this model as a product of the breakup of the Rodinia super-
continent. However, unlike previous models, our model does not suggest
that the south Tarim terrane amalgamated with Australia during the
Grenvillian orogeny; rather, it was likely located on Australia’s pe-
riphery. Based on the presence of 800Ma magmatic rocks along the
northern margin of Tarim, indicative of subduction, we infer that both
the north and south Tarim terranes were situated on the outskirts of the
Rodinia supercontinent. The northern side of Tarim faced the
Pan-Rodinia Ocean, experiencing prolonged subduction, which aligns
with Ge’s “long-term subduction-accretion orogeny” model (Ge et al.,
2014, 2016). As for the specific dynamics of the north and south Tarim
amalgamation, our data cannot fully address this question. However,
based on previous studies, we speculate that unidirectional subduction
of oceanic crust existed between the north and south Tarim terrane
(Zhao et al., 2021).

5.3. Paleozoic basin-mountain relationship and tectonic evolution of the
central uplift zone

During the Neoproterozoic, the Tarim Basin developed into an in-
dependent and stable craton. Therefore, the source-sink system and the
plate tectonic environment of the basin during the Paleozoic sedimen-
tation in the central uplift zone are closely related to the subduction,
reduction, and collision processes of the Proto-Tethys Ocean to the
southwest, the Altyn Ocean to the southeast, and the Tianshan Ocean to
the north. We compiled published detrital zircon data from sedimentary
rocks in the West Kunlun orogenic belt, northern Tarim, and South
Tianshan, along with published intermediate-acidic magmatic rock data
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from the West Kunlun, Altyn, and South Tianshan orogenic belts, and
compared these with our detrital zircon data (Fig. 10). Given that the
detrital zircon ages obtained in this experiment are predominantly older
than 400Ma (except for Carboniferous sample Ht1-3423.0), our analysis
focuses primarily on tectonic activity in the surrounding orogenic belts
during the 600-400 Ma interval.

First, we need to identify the provenance of our detrital zircons. All
six samples exhibit a prominent age peak around 800Ma, which aligns
only with detrital zircon samples from north Tarim. In contrast, detrital
zircons from the Paleozoic and older periods are scarce in the South
Tianshan and West Kunlun orogenic belts, rendering them insufficient as
the primary source for the samples in this study. As mentioned earlier,
the Tarim Basin was involved in the breakup of the Rodinia supercon-
tinent around 800Ma. Previous studies have reported a series of bimodal
volcanics (Zhu et al., 2008), S-type granites (Deng et al., 2008), and
granites in the Kuruktag area (Ge et al., 2014) from this period. These
magmatic rocks likely contain abundant zircons, serving as potential
sources for our samples. We also observed distinct age peaks between
600Ma and 200Ma in three samples, H3-2855.01, H3-3241.5, and
Ht1-3423.0, with other samples containing zircons from this age range
as well. Since there is no evidence of magmatic activity within Tarim
during this period, these zircons likely originated from the surrounding
orogenic belts. However, given their relatively low abundance, they
cannot be considered the primary source for these samples; instead, the
primary provenance is likely to be the interior of the Tarim Basin and the
interaction between the Tarim Basin and the surrounding orogenic belts.

Existing data indicate that magmatic rock ages in the Altyn orogenic
belt are primarily distributed across four intervals: 520-477Ma, 460-
440Ma, 430-380Ma, and 360-320Ma. Kang et al. (2011) measured a
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U-Pb zircon age of 500.3Ma for granites along the northern margin of
the Altyn tectonic belt and attributed their formation to a continental
margin volcanic arc environment associated with oceanic crust sub-
duction. Han et al. (2012) dated exposed volcanic rocks in the Kalada-
wan area of Altyn to between 485 and 477Ma, a range similar to that
obtained by Chen et al. (2016) interpreting this as an island arc tectonic
setting on an active continental margin. Hao et al. (2006) obtained
“OAr-3%Ar ages of 455Ma and 450Ma from ophiolitic mélanges along the
northern margin of Altyn, suggesting that oceanic crust subduction in
northern Altyn concluded around 450Ma. Wu et al. (2007) identified
granites with S-type characteristics and an age of 440Ma in northern
Altyn, indicating that subduction and collision in the northern Altyn
Ocean occurred prior to 440Ma. Wu et al. (2016) obtained multiple
magmatic ages of 411-404Ma and 352-343Ma in the southern Altyn
region, attributing these to post-collisional orogenic equilibration and
Tethyan tectonic activity, respectively. The closure of the Proto-Tethys
Ocean, marked by the Kudi ophiolitic mellitic belt in the West Kunlun,
occurred later than that of the Altyn Ocean (Yuan et al., 2002; Zhang
et al., 2018, 2020; Wang et al., 2020a,b). Zhang et al., 2018 measured a
530Ma gabbro in the eastern Pamir Plateau, proposing that initial sub-
duction of the Proto-Tethys Ocean began around 540-530Ma, while
evidence discovered by Zhang et al. (2020) in the South Kunlun terrane
(rhyolite at 519-513Ma) suggests that subduction likely commenced
prior to 520Ma. Previous studies, considering the presence of
420-405Ma A-type granites in Kudi formed in an intraplate extensional
setting and the results of detrital zircon dating, inferred that the closure
of the Proto-Tethys Ocean between the South Kunlun terrane and the
Tarim Craton occurred between 431Ma and 420Ma (Yuan et al., 2002;
Wang et al., 2020a,b). Overall, the West Kunlun orogenic belt
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experienced sustained and intense magmatic and tectonic activity be-
tween 500Ma and 400Ma. There was oceanic subduction to the south in
the central Tianshan area during the Silurian period, while the South
Tianshan Ocean had not yet opened, leaving the northern margin of the
Tarim Basin without conditions for large-scale orogeny or erosion.
Correspondingly, the Paleozoic crystalline rock ages in the South Tian-
shan and Central Tianshan orogenic belts are mostly younger than
460Ma, aligning with the 460-400Ma granite intrusions identified in the
Harke and Kuruktag regions at the intersection of the South Tianshan
and Tarim (Lin et al., 2013; Guo et al., 2013; Ge et al., 2012a,b; Zhao
et al., 2015; Dong et al., 2016).

A comprehensive analysis of the six samples from this experiment
shows consistent age distributions between 500Ma and 400Ma across all
samples. We can confidently identify the magmatic rocks of the West
Kunlun orogenic belt as a source for the samples from central Tarim, as it
is the only region with evidence of significant magmatic activity around
480Ma. Similarly, only the 450Ma peak age of magmatic zircons from
the Altun Mountains corresponds to the 450Ma peaks of H3-2855.01 and
Ht1-3423.0. Additionally, only the magmatic rock ages around 350Ma
from the Altun Mountains align with the zircon ages in the Carbonif-
erous Ht1-3423.0 at this stage. Therefore, the magmatic rocks from the
Altun Mountains also contributed to the provenance of the central Tarim
Basin. Based on the zircon ages around 300Ma in the Carboniferous
sample Ht1-3423.0, magmatic activity from the South Tianshan corre-
sponds with it. In summary, the tectonic activities of the Altun orogenic
belt, the West Kunlun orogenic belt, and the South Tianshan orogenic
belt collectively influenced sedimentation in the central Tarim Basin.
According to the K-S test results, a distinct shift exists among the six
samples, specifically indicating that the Devonian sample Ht1-3632.18
and the youngest Silurian sample H3-2855.01 show no correlation
with the other samples. Combined with our petrographic observations, it
is evident that H3-2855.01 experienced a notable provenance change,
potentially extending into the Devonian period. This is plausible, as
during the Late Silurian, major magmatic intrusions were occurring in
the South Tianshan, West Kunlun, and Altun regions. These regions
collectively compressed the Tarim Craton from different directions, and
this compression likely transmitted to the central Tarim Basin either
concurrently or shortly afterward, resulting in a shift in the central
Tarim provenance. The primary Paleozoic provenance in the central
Tarim Basin can be reasonably attributed to magmatic rocks within
Tarim, corresponding to the breakup period of the Rodinia supercon-
tinent. The combined compressive forces from the three major orogenic
belts extensively exposed and eroded the 900-700Ma granitic outcrops
in Tarim, as evidenced by the widespread distribution of Neoproterozoic
granites in regions such as Kuruktag in north Tarim (Ge et al., 2014).

5.4. Significance in petroleum geology

By determining the regional paleogeographic conditions at specific
times through detrital zircon dating, an initial understanding of hydro-
carbon source rock enrichment and migration systems can be obtained.
The optimal environment for organic matter enrichment is found in
depressions formed under extensional and subsidence conditions
(Demaison and Moore, 1980; Wu et al., 2025). The primary reasons are
as follows: first, subsiding regions enable the rapid accumulation of
thick sediment layers, promoting the quick burial and preservation of
organic matter. Second, these regions often form lake environments with
anoxic, reducing conditions that further aid in organic matter preser-
vation. Third, due to the greater sediment depth typical of extensional
areas, organic matter can more readily enter the oil-generating window
under high-temperature and high-pressure conditions. In contrast, the
sediments in the uplifted areas undergo relatively poor compaction,
making it difficult for the organic matter to reach conditions suitable for
hydrocarbon generation.

In the central Tarim uplift, significant breakthroughs in oil and gas
exploration have not been achieved in the Bachu Uplift area, which is
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closely related to the absence of thicker source rocks in this region.
Currently, major oil and gas fields in the Tarim Basin are mainly
concentrated in two sets of source rocks: the Carboniferous-Permian and
the Triassic-Jurassic. The Cambrian source rocks are primarily distrib-
uted in the eastern part of the Tarim Basin and have relatively small
thicknesses, generally less than 200 m (Hu et al., 2024; Wang et al.,
2024). Based on the oil and gas discoveries in the Bachu area, the main
source rocks are located in the middle and lower Cambrian strata, which
are associated with the deposition of restricted platform lagoons. These
source rocks are clearly controlled by the restricted platform depressions
(Ning et al., 2021). This is closely related to the lack of major tectonic
activity in the Tarim Basin during the Cambrian, as illustrated in Fig. 10.
From the above conclusions, it can be observed that the Tarim Basin’s
surrounding orogenic belts, during the Silurian and Carboniferous,
experienced continued tectonic activity, with the basin interior under-
going compressional stress and the central uplift undergoing intense
deformation. As a result, deep lacustrine deposits are unlikely to have
formed in the central uplift zone. Therefore, to this day, no source rock
strata have been found in the Silurian to Carboniferous sequences of the
central uplift zone.In the West Kunlun region, there was a period of
tectonic stability between 400 Ma and 320 Ma, during which stretching
effects cannot be ruled out. In some areas, the lake waters were rela-
tively deep. Additionally, under the influence of upwelling currents and
thermal water caused by rifting and basin expansion, biological devel-
opment was relatively advanced. Consequently, the Carboniferous
source rocks in this region are now one of the main target intervals for
deep and ultra-deep exploration in the southwestern foreland of the
Tarim Basin (Wang et al., 2024).

6. Conclusions

(1) The detrital zircon ages from the Silurian to Carboniferous strata
in the Central Uplift of the Tarim Basin exhibit two prominent
peaks, at 452Ma and 806Ma, respectively no age peaks were
observed outside of these two ranges in any of the samples.
The influence of the Grenville Orogeny on the Tarim Basin was
very limited. The 542 Paleozoic zircon ages obtained in this
study, combined with the 1613 published Neoproterozoic detrital
zircon U-Pb age data from the northern and southern Tarim, do
not correspond to the 1300-900 Ma Grenville Orogenic event.
The suturing of the South and North Tarim terranes likely
occurred between 900Ma and 820Ma. In the Paleozoic zircon age
distribution of the Central Uplift, the number of zircons dated
between 2000Ma and 1800Ma is significantly lower than those
dated between 900Ma and 800Ma. This period of collisional
orogeny contributed to the formation of a stable Tarim Craton.
(4) The central Tarim region was influenced by the combined effects
of the surrounding West Kunlun, Altun, and South Tianshan
orogenic belts from the Silurian to the Carboniferous. The pri-
mary provenance of the six samples analyzed in this study orig-
inates from within the Tarim Basin, as extensive erosion occurred
within the basin following compressional forces from the sur-
rounding orogenic belts. This erosion predominantly exposed
magmatic outcrops from the Rodinia supercontinent breakup
period.
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