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Abstract

The Junggar Basin is a Late Carboniferous foreland basin in northwestern China surrounded by different mountain
belts. The west Junggar Basin has a complicated tectonic history with multiple subduction and collision events that
controlled sedimentation and basin development. In this study, absolute dating of igneous rocks, rock geochemistry,
and U-Pb detrital zircon geochronology were used to document the provenance of the Triassic-Jurassic clastic rocks
in the northwest margin of Junggar Basin and determine local sources and tectonic setting. Granitic zircons with the
youngest concordia age reveal the north Karamay pluton was formed at 292.6 + 0.7 Ma, suggesting that they are post-
collision granites. Late Triassic-Lower Early Jurassic strata were derived from Zhayier Mountain south of the Darbute
fault. Starting with the Upper Early Jurassic Sangonghe Formation-Lower Middle Jurassic Xishanyao Formation, the
strata changed from a single source to mix multiple sources. Sediment sources are widespread, including the northern
Karamay granitic plutons, the area north of the Darbute fault, with potentially minor contributions from the southern

margin of the Junggar Basin.
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Introduction

The Central Asian Orogenic Belt (CAOB) is a typical pacific-
type orogenic belt located among the East European, Siberian, North
China and Tarim cratons [1] (Figure 1A). As the eastern margin of
the Kazakhstan orocline, the western Junggar region provides a unique
opportunity for studying the evolution of the CAOB [2]. Previous
studies have mainly focused on the Tianshan orogenic belt [3,4], and
the Altay orogenic belt and east Junggar tectonic activations [5,6].
Studies have included time of formation and the tectonic history of
orogen by using zircon dating and the geochemistry of volcanic rocks
or/and the ophiolitic mélange. Recently, there has been a surge of
renewed research interests in west Junggar regarding the closing time
of the west Junggar ocean, the tectonic evolution of the Junggar ocean
and western Junggar, and intra-ocean arc subduction and continental
growth [7-12].

The Junggar Basin was a foreland basin in the early Permian
following the closure of a branch the Turkestan Ocean [5,13]. The
northwestern margin of the Junggar Basin is an important potential
area for hydrocarbon exploration and production [14-16]. Provenance
studies of Mesozoic to Cenozoic sandstones in the southern Junggar
Basin [3,17,18] and the hinterland of the Junggar Basin [19], and
northern Junggar Basin geochemistry [20] have important implications
in hydrocarbon exploration in the Junggar Basin. However, most
efforts have been focused on the tectonic activity of the Tianshan
orogenic belt, sedimentary records along the southern margin of basin
or strata older than the Carboniferous, while sediment sources in the
northwestern margin of Junggar Basin and the potential impact of
Tianshan tectonic activity remains less constrained.

In this study, a total of 14 samples were collected from the northwest
Junggar Basin near Zhayier Mountain. U-Pb detrital zircon dating,
petrology, rock geochemistry and the U-Pb geochronology of igneous
rocks were applied to document the provenance of Triassic to Jurassic
clastic rocks. Results provide insight into the interaction between basin
marginal deformation belts and their control on sedimentary sources
along the northwestern Junggar Basin margin.

Geological Settings and Stratigraphy

The Junggar Basin is located in the southwestern part of the CAOB
and covers a total area of approximately 136,000 km? at the junction of
the Kazakhstan, Siberia and Tarim blocks [21-23]. It is a giant intraplate
Meso-Cenozoic basin (Figures 1 A and B) [24]. In the Precambrian, this
area lay between the Early Paleozoic Altay-Junggar-Ergun collision belt
and the Late Paleozoic Tianshan-Hingganling collision belt (the eastern
extension of the central Asian orogenic belt) that were controlled by
Altay, Junggar-east Kazakhstan and Ili-Balchas tectonics. From the
Middle Devonian to the Middle Permian, the Junggar Basin became
terrestrial due to the Tianshan activity [25]. The basin is underlain
by Paleozoic oceanic crust, accretionary wedges, island-arcs, and
Precambrian crystalline basement [26,27]. Carboniferous collisions
lead to the formation of mountains and a foreland surrounding the
basin with respect to Variscan (Hercynian) collisional episodes in
Central Asia [14,28-30]. The juvenile Junggar Basin was formed in the
Late Carboniferous after the final collision of the combined Tarim-
central Tianshan block with the northern Tianshan block by post-
collisional transcurrent tectonics during the Early and Middle Permian
and flexural foreland subsidence in the Late Permian when subduction
terminated [21]. However, their subsequent development was linked
to the re-activation of suture zones during the Cimmerian (Indosinian
and Yanshanian) and Himalayan orogenic episodes. The subsidence
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Figure 1: A. Simplified tectonic divisions of the Central Asian Orogenic Belt (after Gao [10]),
B. Simplified geological map of western Junggar Basin (modified after (Xu [55], Yin [59]),
C. Simplified geological map of Karamay (modified after 1:200000 geological map 1965 XBGMR, [50]).

was due to flexural downbowing that depressed the crust under the
tectonic load of thrust sheets associated with the uplifted mountain
ranges [14,31].

The Karamay collision zone is a series of successive accretionary
complexes separated by northwest-southeast oriented uplifts and
depressions paralleling suture lines (fault), such as the Darbute and
Mayily faults (Figure 1B). The northwest Junggar Basin is bordered
by the Karamay thrust belt which was formed by thrusted sequences
of Carboniferous rocks (Figures 1 and 2). These boundary faults
controlled Permian and Triassic deposition in the northwestern margin
of the Junggar Basin, and the Permian and Jurassic strata thickening

from basin edge to inner basin (Figure 2). In the northern Junggar
Basin, the Zharma-Saur and Boshchekul-Chingiz volcanic arcs consist
of late Paleozoic tuffs, tuffaceous limestones and sandstones and early
Paleozoic tuffaceous siltstones, tuffaceous sandstones and muddy
siltstones, which were intruded between 304 and 263 Ma [32,33]. These
plutons reflect the southward subduction of the Irtysh-Zaysan Ocean
beneath the Kazakhstan block [34].

Devonian to Carboniferous strata are mainly sandstones and
volcanic rocks, including basalt, andesitic basalt and andesite [2].
Reported SHRIMP and LA-ICP-MS U-Pb dates of volcanic intrusions
range from 332 to 276 Ma (Figure 1B) [32]. The Carboniferous strata
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Figure 2: A. Architectural model of the Junggar collision zone (after from Lawrence [2]), B. Seismic section interpretation (from an internal report).

are mainly composed of gray-green bedded tuffs and sandstones
with intrusive granite bodies. No Permian deposition exists near the
Karamay, but it thickens towards the southeast (Figure 2). Lower
Permian strata (the Jiamuhe and Fengcheng Formations) consist of
grayish conglomerates, sandstones and mudstones with some andesites
and tuffs, with considerable dolomite in the Fengcheng Formation
(P1f). The middle Permian Xiazijie Formation (P2x) and the Lower
Wuerhe Formation (P2w) are mostly comprised of conglomerates
and sandstones. The upper Permian Upper Wuerhe Formation
(P3w) is mainly composed of conglomerates. Overall, Permian strata
generally thin from the northwest to the southeast. The Lower Triassic
Baikouquan Formation (T1b) consists of reddish conglomerates,
sandstones and mudstones. The Middle Triassic Karamay Formation
(T2k) is dominated by conglomerates and sandstones, and the Upper
Triassic Baijiantan Formation (T3b), in contrast with the Xiaoquangou
Formation in the southern margin, is mainly composed of
conglomerates, sandstones and mudstones. The Jurassic strata consist
of non-marine conglomerates, sandstones, siltstones, mudstones and
coal seams. Among them, the Middle Jurassic Xishanyao Formation
(J2x) is composed of dark grayish mudstones with coal seams, oil
sandstones and abundant phytolites. Angular unconformities have
been observed between P2x and P1f, P2w and P3w, P3w and T1b,
T3b and J1b, J3q and Kl1tg, respectively (Figure 3). From the Permian
to the Jurassic, there are alluvial fan facies, fan delta facies and river
facies distributed along the northwestern margin of the Junggar Basin
[15,35]. In the study area deltaic facies are present in the Triassic and
fluvial facies in the Jurassic [36] (Figure 4).

Sampling and Methods
Sampling and sample preparation

All samples were collected from two outcrops ranging in age

from the Carboniferous to Paleogene. These are the Tuziakeneigou
section northwest of Karamay city and the Sanping section northeast
of Karamay city (Figure 1 C). A total of 14 samples were collected, 10
samples of sandstone and conglomerate, granite and tuff were selected
for U-Pb zircon geochronology, and eight samples were chosen for
trace and rare elements from mudstones, granites and tuffs (Figure 4).

Zircon grains of 10 samples, including one tuft sample (SP-1), three
granite samples (TZ-1, TZ-2 and SP-2) and six sandy conglomerate
samples (TZ15-1, 3, 4, 6, 7, 9), were extracted from rock samples at
Langfang Geoscience Exploration Technology Service Limited in
Hebei Province, China. The zircon mineral separation procedures were
in the following order: Jaw crusher, disc mill, Wilfley table, and heavy
liquid separation [37,38]. A mineral separation process was applied
to obtain a full proportional representation of all zircon populations.
Mineral separation was initially conducted at <600 pm and then at
<420 um with an additional step of <300 um for a tuff sample [39].
All zircon grains were mounted in epoxy resin, polished to expose
surfaces, and were imaged by a cathodoluminescence (CL) microscope
at the Langfang Geoscience Exploration Technology Service Limited
in Hebei Province, China. All CL images served as reference maps for
locating laser targets mainly in order to avoid older cores, inclusions,
and/or fractures. Eight samples were selected, which are TZ-1, TZ-
2, TZ-5, TZ-7, SP-1 and SP-2 (used before), TZ-4 from the north
Karamay granitic pluton in the Tuziakeneigou section, SP-3 from the
granitic pluton in Sanping section, and were crushed by mortar to less
than 200 powder mesh to measure the concentration of trace and rare
earth elements with an inductively coupled plasma mass spectrometer
(ICP-MS).

U-Pb LA-ICP-MS analysis

U-Pb single grain isotope analyses were obtained using a laser
ablation (Photon-machines Analyte Exite 193 nm) inductively coupled
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Figure 3: Stratigraphic column of the northwestern Junggar Basin (modified from (Jin [20], Lu [31], Yu [60]).

plasma mass spectrometer (Nu Attom) (LA-ICP-MS) at the Public
Technical Service Center, Lanzhou Center for Oil and Gas Resources,
Institute of Geology and Geophysics, Chinese Academy of Sciences.
Data acquisition involved 30 s of background measurement followed
by 30 s of detrital sample ablation in a He/Ar (+N) atmosphere
using a laser beam diameter of 25 pum for detrital zircons and 20 um
for volcanic zircons. Sites for analyses were chosen randomly, but
avoided inclusions, cracks, and possible contamination. Additionally,
when core rim structures were present, only the cores were measured
because most rims were too narrow to be analyzed. Mass bias and
U-Pb fractionation were corrected using primary standard samples
(91500 and GJ-1). The isotopic ratios and elemental concentration of
zircons were calculated using ICPMSDataCal (Version 10.9) (Liu et al.,
2009). For analyzed detrital zircon grains, 206Pb/238U ages were used
for grains younger than 800Ma, and 207Pb/206Pb ages were used for
grains older than 800Ma. For zircon ages less than 400Ma, we directly
used the 206Pb/238U age. All grain ages within 400-800Ma with >20%
discordance and grains younger than 1000 Ma with <5% reverse
discordance were discarded [40], as were grains with >10% analytical
error, but volcanic zircon data used discordance <40%. All diagrams
were produced using the Isoplot V3.0 program of Ludwig [41].

Trace elements and rare earth elements (REE) analysis

About 50 mg of powder (200 mesh) of sample was put in Savillex

screw-top Teflon beakers, moistened with a drop of ultra-pure water,
and then 1 mIHNO, and 3 ml of HF were added. These samples in beakers
were digested using this procedure: ultrasonic treatment, evaporation,
re-solution with ultra-pure water, additional of 5% HNO,, heating at
105°C 72 h, and evaporation on a hot plate to absolutely dissolution.
Finally, the solution was transferred to a 100 ml polyethylene bottle and
was analyzed by ICP-MS for trace elements and REE using a Nu Attom
high precision ICP-MS in the Key Laboratory of Petroleum Resources
Research, Institute of Geology and Geophysics, Chinese Academy of
Sciences, Lanzhou, China. Relative uncertainties of measurements are
better than 5%. Sample preparation and detail analytical procedures
are in Lin [42].

Results

Representative Cathodoluminescence (CL) images of analyzed
zircons, coupled with their corresponding ages, are illustrated in
Figures 5 and 6, Supplementary material. Most zircon grains are
euhedral to subhedral. Most show well-developed oscillatory zoning,
while only small portion exhibit complex internal structures (Figure 5).

U-Pb zircon dating

The U-Pb detrital zircon data in this study are shown in Figure
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Figure 4: Outcrops of sampling sites in northwestern Junggar Basin.

(a) Sample TZ-1: granite; (b) Sample TZ15-1: greyish yellow coarse sandstone; (c) Sample TZ15-3: Triassic oil sandstone of the Baijiantan Formation; (d)
Sample TZ-5: Triassic clay of the Baijiantan Formation; (e) Sample TZ15-4: fluvial facies sandstone-conglomerate of the Jurassic Badaowan Formation; (f)
Sample TZ15-6, TZ15-7 and TZ15-9: Jurassic Sangonghe and Xishanyao Formations, braided river facies; (g) Sample SP-3: granite; (h) Sample SP-1 tuff;
from a to f belong to the Tuziakeneigou section, and (g) and h are from the northern Sanping section.

6 and listed in Supplementary material. In total, detrital zircon U-Pb
geochronology yielded 823 concordant ages from 853 single grain
analyses. Three granitic zircon U-Pb ages were derived statistically
from 373 points from 384 analyzed zircon grains. Ages of these zircon
grains range from 239 + 3 to 920 + 31 Ma.

U-Pb detrital zircon dating

Sample TZ15-1 is a coarse yellow sandstone sample collected from
Triassic outcrops. A total of 108 out of 120 single zircon grains yielded
ages with less than 20% discordance. Ages of these zircon grains range
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1000

from 291 + 4 Ma to 610 = 9 Ma with a major peak at ~305 Ma and
several minor age peaks clustered at ~506, ~570, and 600 Ma. The
majority of grains fall within a 291-336 Ma age range (~88%), and the
rest belong to a 594-610 Ma age group (~6%).

Sample TZ15-3 is a pebbly sandstone sample collected from the
Triassic Baijiantan Formation (Figure 1 C). The ages of 154 zircon
grains range from 292 + 4 Ma to 400 + 7 Ma with major peak at ~302
Ma and minor clusters at ~321, ~336, ~350, and ~378 Ma. The majority
of grains cluster in a 292-317Ma age group (~79%), with the rest
belonging to a 318-400Ma age group (~21%).

Sample TZ15-4 is a coarse sandstone sample collected from the

Jurassic Badaowan Formation. Ages of 118 zircon grains range from
295 + 4 Ma to 377 + 5 Ma with a major peak at ~310 Ma and a minor
cluster at ~358 Ma. The majority of grains cluster in a between 295-341
Ma age group (96%).

Sample TZ15-6 is oil sandstone collected from the Jurassic Lower
Sangonghe Formation (J,s'). The ages of 168 grains, out of 173 single
grains, range from 244 + 3 to 777 + 8 Ma with major peaks in a ~265-
387 Ma age group (90%) with several secondary peaks at ~275, ~298,
~326, ~350 Ma, and minor age peaks at ~406 Ma (2%), ~433 Ma (1%),
~483 Ma (4%), and ~769 Ma (1%).

Sample TZ15-7 is sandstone stained with black oil collected from
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Figure 7: Zircon U-Pb concordia age diagrams for volcanic rock in the Tuziakeneigou and Sanping sections from the northwestern margin of the Junggar Basin.
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Sample SP-1 SP-2 SP-3 TZ1 TZ-2 TZ-4 TZ-5 TZ-7
Lithology Tuff Granite Granite Granite Granite Granite Mudstone Mudstone
Ti 1549.5 775.2 7425.0 1932.5 2245.6 1263.2 3811.2 3476.4
Rb 48.8 98.9 34.9 27.6 38.2 46.4 80.7 78.5
Sr 248.1 117.8 379.8 289.0 336.1 231.4 39.9 38.2
Y 15.1 39.1 22.6 13.5 17.4 11.0 26.0 237
Zr 219.2 210.7 174.3 172.9 176.0 190.4 402.2 220.7
Nb 16.4 7.8 4.4 4.4 6.5 27 1.7 1.3
Mo 0.5 0.9 0.2 0.9 0.9 0.5 1.8 0.6
In 0.1 0.1 0.7 0.1 0.1 0.1 0.2 0.2
Sn 3.5 6.0 324 23 22 1.6 7.6 4.4
Sb 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.0
Cs 8.1 3.3 8.3 1.5 1.6 1.4 6.9 7.9
Ba 496.6 550.1 386.0 534.0 616.4 545.3 502.2 430.8
La 30.5 32.9 14.8 13.2 15.5 9.8 12.9 24.7
Ce 54.4 61.1 25.0 27.2 32.6 19.6 251 66.0
Pr 7.4 9.0 4.8 34 4.5 2.8 3.3 7.6
Nd 28.5 38.0 235 13.2 18.6 1.7 141 28.5
Sm 6.0 8.0 6.8 29 3.9 24 3.0 6.7
Eu 0.8 0.4 1.8 0.7 0.9 0.6 0.4 1.5
Tb 0.6 1.3 1.1 0.4 0.6 0.4 0.6 1.0
Dy 3.5 8.3 4.9 24 34 23 4.6 4.7
Gd 4.5 7.6 6.1 24 3.8 22 3.1 54
Ho 0.7 1.7 1.0 0.5 0.7 0.5 1.0 1.0
Er 1.7 4.4 25 1.3 1.9 1.2 2.8 26
Tm 0.3 0.8 0.4 0.2 0.3 0.2 0.5 0.5
Yb 1.9 5.1 2.6 1.6 22 1.4 34 3.1
Lu 0.3 0.8 0.4 0.3 0.3 0.2 0.5 0.5
Hf 6.2 7.0 4.9 4.6 4.4 5.1 10.9 6.0
Ta 1.2 0.9 0.3 0.4 0.5 0.3 1.1 0.9
Tl 0.4 0.4 0.8 0.2 0.2 0.3 0.3 0.4
Pb 18.4 14.4 7.7 11.5 8.8 7.5 211 124
Th 10.4 13.3 23 3.4 3.6 3.9 6.8 7.6
u 25 3.0 0.7 0.8 1.0 1.0 4.1 24
LREE 127.7 149.5 76.8 60.7 76.1 46.8 58.9 135.0
HREE 13.4 29.9 18.9 9.2 13.3 8.2 16.5 18.7
REE total 1411 179.4 95.6 69.8 89.4 55.0 75.4 153.7
(La/Lu)n 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3
(La/Sm)n 24 1.5 2.4 1.4 1.7 1.6 0.9 1.8
(La/Lu)n 2.8 4.0 4.5 5.3 5.3 55 5.6 12.3

Table 1: Trace elemental concentrations of samples of granites and mudstones.
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Figure 9: Comparison of detrital Zircon U-Pb probability density distribution plots.
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the Jurassic Upper Sangonghe Formation (J,s*). The ages of 156 grains
range from 238 * 3 to 471 + 5 Ma with major peaks at 261-358Ma
(92%) (with three peaks at ~277Ma (20%), ~292Ma (17%), ~316 Ma
(54%)) and minor clusters at ~240 Ma (2%), ~256 Ma (1%), ~395 Ma
(3%) and ~476 Ma (2%).

Sample TZ15-9 is a yellow, medium sandstone collected from the
Jurassic Xishanyao Formation. The ages of 119 grains range from 266 +
3 to 357 + 6 Ma with major peaks at ~276, ~286, ~312, ~322 and ~345
Ma. The majority of grains are clustered among three groups: 266-295
Ma (42%), 300-336 Ma (46%) and 339-357 Ma (12%).

Results of U-Pb zircon dating of granite and tuff

The U-Pb dates of granitic zircons are shown in Figure 7,
Supplementary material. In total, 394 zircon grains, from four volcanic
samples, were analyzed. Of those, 358 results are concordant, with ages
varying in a broad range between 204 and 470 Ma. These correspond to
peaks at ~302 and ~304 Ma.

Sample TZ-1 is a greyish white granite. Out of 126 grains, 119
zircons yielded concordant ages between 289 + 4 Ma and 352 + 4 Ma,
with 27Pb/**Pb ages ranging from 206 + 36 Ma to 567 + 97 Ma, and
26Pb/*8U ages ranging from 289 + 4 Ma to 352 + 4 Ma. These zircons
define a discordia line with a lower intercept age of 269 + 21 Ma and
an imprecise upper intercept age of 737 + 220 Ma (MSWD=0.74). The
23 youngest ages have a concordia age of 292.6+9.7 Ma (n=23), with
a weighted mean age of 292.5+1.3 Ma. The sequential stage concordia
age is 303.3 = 1.0 Ma (n=63), 317.3 + 2.0 Ma (n=19), 33.6 + 4.5 Ma
(n=8). A probability map indicates the majority of ages plot at ~302,
~323, ~348, and ~379 Ma (Figure 7).

Sample TZ-2 is a red colored granite collected from the north
Karamay pluton. Out of 123 analyzed zircons, 117 grains have
concordant ages between 293 + 4 and 536 + 10 Ma. The predominant
ages are shown by peaks at ~302, ~356, and ~397 Ma. The majority of
the 117 grains cluster between 293 and 326 Ma (74%). These zircons
define a discordia line with a lower intercept age of 273 + 20 Ma and an
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imprecise upper intercept age of 812 + 180 Ma (MSWD=0.84). The 65
younger ages have a concordia age of 302.7 + 1.3 Ma (Figure 7).

Sample SP-2 is greyish white granite collected from a Carboniferous
granitic body located at the northern Sanping Reservoir. Of 135
analyses, 115 are concordant showing ages from 288 + 3 Ma to 384
+ 3 Ma with peaks at ~304, ~325, ~337, and ~360 Ma. These zircons
define a discordia line with a lower intercept age of 290 + 11 Ma and an
imprecise upper intercept age of 933 + 160 Ma (MSWD=0.22). The 14
younger ages have a concordia age of 303.9 + 2.3 Ma (Figure 7).

Sample SP-1 is a greyish tuff collected from an outcrop near the
Sanping reservoir. Of 19 dated grains, seven have dates ranging from
287 + 5 Ma and 423 + 5 Ma (Figure 7).

Results of trace elements and rare earth elements

Trace elements and rare earth elements have similar characteristics
in the Tuziakeneigou samples except for the TZ-5 claystone. REE
concentrations increase from 55 to 179 ppm. Light REE (LREE)
concentrations are considerably more enriched than heavy REE
(HREE); LREE/HREE ratios vary from 3.57 to 9.51, with (La/Lu)
. = 2.79-12.33. LREE fractionation is more striking than HREE
fractionation: (La/Sm)_ = 1.41-3.27 and (Gd/Lu), = 0.25-2.00, and
HREEs have a concave shape. Negative Eu anomalies vary from 0.17
to 0.84. Similarly, primitive mantle-normalized trace element patterns
(Figure 7) are nearly parallel to each other, with significantly negative
Ta, Nb, Ce and Ti anomalies (Table 1).

Discussion

Potential sources

Our samples were collected from the Karamay area in the west
Junggar adjacent to the northwestern margin of Junggar block,
where Silurian to Carboniferous, Jurassic and Quaternary strata are
dominant with scarce Permian to early Triassic sedimentary rock
exposures (Figure 1). The detrital zircon age spectra of the six samples
from Triassic to Jurassic sedimentary rocks share several similar age
signatures (Figure 6), such as abundant Paleozoic ages, extremely rare
ages between 360 and 1000 Ma, and a majority of grains with Permian
and Carboniferous ages. They show a progressive decrease of Mesozoic
detrital zircon ages along with a strong increase in later Paleozoic dates
from the middle Carboniferous to the middle/lower Permian (Figure 6).

Based on zircon age data (Figure 6), we conclude the provenance
of Triassic to Jurassic sediments north of Karamay city changes from
a confined local source to mixed multiple sources. Overall, the narrow
spectra of dates from the Triassic Baijiantan and Jurassic Badaowan
Formations reveal a confined local source that was most likely from
the local Karamay granitic plutons northwest of Karamay city with a
minor contribution from the recycling of previous sedimentary rocks.
Starting with the Jurassic Sangonghe and Xishanyao Formations,
broader sources, likely from the northern Karamay granitic plutons
and the Sangonghe Formation, may include contributions from the
north of the Darbute fault and potentially minor contributions from
the southern margin of Junggar Basin.

The Triassic Baijiantan Formation (sample TZ15-1 and samples
TZ15-3) has a single, but confined, Late Carboniferous to Early Permian
zircon age peak. The samples match well with the west Junggar granite,
which mainly formed between 295 and 315 Ma [32]. The youngest age
of sample TZ15-1 is 291 + 4 Ma, which is consistent with the Karamay
granitic pluton sample TZ-1 (Figure 7) and previous studies [32,43,44].
In contrast, the Akebasitao granitic pluton, north of the Darbute fault,

has a concordia age of 276 + 5 Ma from seven zircon grain SHRIMP
dating [32], is unlikely to be the source of the Baijiantan Formation.
Additionally, Sample TZ15-3 shows there are a few grains older
than the Carboniferous. These grains could have been recycled from
previous sedimentary rocks, such as Ordovician System exposures
southwest of Karamay city (Figure 1). The REE characteristics of the
Triassic Baijiantan Formation are similar to the Karamay granitic
plutons and the Junggar granitic pluton REE (Figure 8), which further
confirms that the Baijiantan Formation was likely derived from local
granitic plutons. This result is consistent with previous petrographic
studies on Triassic Baijiantan Formation clastic rocks that show
the majority of lithic fragments are volcanic (acidic magma) [36].
However, this interpretation is not consistent with a previous heavy
mineral study of Tuziakeneigou which suggests that they were derived
from the northwest Zhayier mountains [45].

The Lower Jurassic Badaowan Formation has a relatively older
and broader age distribution than the Triassic samples, but its overall
age overlap suggests that the local Karamay granitic plutons remain as
main sediment sources for the Jurassic Baodaowan Formation. Starting
in the Jurassic, its age distributions are characterized by a relatively
broad zircon age spectrum with multiple age peaks, which reveals
relatively broader sources than the Triassic samples and the Jurassic
Badaowan Formation. The Jurassic Sangonghe Formation (sample
TZ15-6 and sample TZ15-7) show a much broader age range than
the Triassic Baijiantan Formation and Jurassic Badaowan Formation
(Figures. 6 and 9). Besides its main Carboniferous and Middle Permian
age peaks, there are some minor Ordovician, Silurian, Devonian and
Triassic peaks. The Jurassic Xishanyao Formation (sample TZ15-9) has
no grains younger than the Permian and older than the Carboniferous
and has a double peak, similar to the Jurassic Sangonghe Formation
(sample TZ15-7) (Figure 6).

Previous studies show that the northern Karamay granitic plutons
are made up of alkali-feldspar granite, monzonitic granite and
granodiorite [43,46,47]. Much broader age ranges have been reported,
including 318 + 5 Ma, 308 + 5 Ma, 295 + 6 Ma and 315 + 6 Ma [32],
315.5 + 2.8 Ma [43], and 297.6 + 2. 5 Ma [47] from the north Karamay
granitic pluton. The late Carboniferous and early Permian age grains
can be derived from granitic plutons at Zhayier Mountain, in which
granitic plutons from the northern Karamay granitic pluton and the
Hongshan pluton, located to the east of the north Karamay pluton,
have ages ranging from ~295 to ~320 Ma (Han et al., 2006). However,
the detrital zircon ages of ~270 Ma seen in sample TZ15-7 may come
from the Akebastao granitic pluton to the north of the Darbute fault
[32]. Devonian to Middle Carboniferous (~420-~320 Ma) zircons may
come from Carboniferous sedimentary rocks in the Hatu zone that
are located to the north of Darbute fault (Figure 9) [48]. Some older
Ordovician and Silurian zircon grains were most likely recycled from
previous sedimentary rocks.

There is no known granitic pluton younger than Early Permian,
so sources of zircon ages younger than the early Permian are likely
recycled from other areas. Compared with zircon age spectra from
the Tianshan orogenic belt there is a good match between the Jurassic
zircon ages from this study and those from the early Permian to Late
Triassic Tianshan orogenic belt [3], especially minor age peaks eg. ~239
Ma and ~256 Ma (Figure 9), which shows that there was a contribution
from the Tianshan orogenic belt to the south. Sedimentation in the
northwest Junggar Basin may come from the southern margin of
Junggar Basin that was influenced by the Tianshan orogen [3].
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Triassic to Jurassic sediment dispersal in the northwestern
Junggar Basin

Martin [49] interpreted that the Lower to Middle Triassic is
characterized by alluvial fan and delta systems that were overlain by
lacustrine deposits of the Upper Triassic and, in the Lower-Middle
Jurassic, by coal-bearing braided delta systems with main sediment
transport from north to south in the basin.

After the Middle Permian, after termination of subduction-
accretion processes from the southern west Junggar terrane to the
Junggar Basin [50], the Junggar inter-basin steadily received detrital
sediments from the basin margins or further. Missing strata from the
Permian and Early Triassic, at the edge of Junggar Basin (Figures 1
and 2) [51], suggests that Zhayier Mountain was uplifted as early as the
Permian. Angular unconformities and a sedimentary hiatus at the end
of Middle and Late Permian were observed at the local [21,52] , which
further confirms that Zhayier Mountain, at the northwestern margin of
the basin, had been uplifted after the middle Permian.

As discussed earlier, sediments in the Later Triassic Baijiantan
Formation to the Jurassic Badaowan Formation were mainly derived
from local intrusion granites in the north Karamay plutons at Zhayier
Mountain, and there were no sediments transported from north of the
Darbute fault to the south. During the Triassic, rejuvenated dextral
strike-slip faulting occurred simultaneously with transpressional
structures during widespread tectonic reactivation in the CAOB
Junggar Basin [53]. Triassic sediment distribution was steady and
consequent and lay unconformably on Carboniferous strata in the
northwestern margin of Junggar Basin that consisted of mudstones and
coarse sandstones.

By the time of Jurassic Sangonghe Formation, the block to the north
of the Darbute fault was subducted and uplifted, and the sediment
from north of the Darbute fault may have been transported to the
northwest Junggar Basin (Figure 9). Sedimentation in the northwestern
Junggar Basin experienced a change from a local confined source to
much broader multi-direction sources. From the Jurassic Badaowan
Formation to the Sangonghe Formation, sedimentary environments
were alluvial and braided fans to braided delta front and developed
the thick gravels and coarse sandstones of the Badaowan Formation to
the medium sandstones of the Sangonghe Formation (Figures 4e and
4f). During the Early-Middle Jurassic, the Junggar Basin, an internally
drained basin or walled basin [54,55], and episodic uplifting of the
surrounding ranges resulted in episodic folding and reverse faulting in
the basin margins.

During the Middle Jurassic, the Xishanyao Formation
uncomfortably overlaid the Sangonghe Formation in the Hoxtolgay
basinlocated at the north Zhayier-Halaalate Mountain, and fission track
thermo chronology shows the Zhayier Mountain underwent a rapid
cooling event during the early Middle Jurassic (178-171Ma) [35,56,57].
These prove that the northern rim of the Junggar Basin, including the
northern Zhayier Mountain, were uplifted and subducted. Compared
with the Upper Triassic to Lower Jurassic Badaowan Formation, the
unimodal distribution of U-Pb ages of the Sangonghe and Xishanyao
Formations indicate a widening of the drainage system (Figures 6 and
9). Based on age distributions and variation, we propose that sediments
of the Triassic Baijiantan and Jurassic Badaowan sediments were
mainly sourced from local granitic plutons. The Jurassic Sangonghe
and Xishanyao Formations were derived from the northern Karamay
granitic plutons, the areas north of the Darbute fault, with potentially
minor contributions from the southern margin of the Junggar Basin.

Conclusions
The main conclusions of this study include

1. Detrital zircon geochronology shows the Triassic Baijiantan
Formation and Jurassic Badaowan Formation have relatively
confined age distributions. In contrast, the Jurassic Upper
Sangonghe and Jurassic Upper Xishanyao Formations
demonstrate much broader age ranges.

2. Granitic zircons were mainly formed in the Late Carboniferous-
Early Permian with ages ranging from 289 + 4 Ma to 352 + 4 Ma,
and with concordia ages 0f 292.6 + 0.7 Ma, 302.7 + 1.3 Ma, 317.3
+2.0 Ma, 33.6 £ 4.5 Ma.

3. Trace elements and rare earth elements have similar

characteristics in the Tuziakeneigou samples except for the TZ-5

claystone. Light REE concentrations are considerably more
enriched than heavy REE (HREE). The REE characteristics of
the Triassic Baijiantan Formation are similar to those of the

Karamay granitic plutons and other west Junggar granitic REEs.

4. Age distributions and variations suggest that sediments of
the Triassic Baijiantan and Jurassic Badaowan Formations
were mainly derived from local granitic plutons. The Jurassic
Sangonghe and Xishanyao Formations were derived from mixed
multiple sources, including the northern Karamay granitic
plutons, the area north of the Darbute fault, with potentially
minor contributions from the southern margin of the Junggar Basin.
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