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Abstract. The Dongdagou area of Yamansu in the southeastern margin of Turpan-Hami basin, 
which is located to the north of the Kangguertag collision zone, is one of the representative areas to 
discuss whether there is a Precambrian basement problem in the Junggar Turpan-Hami massif. As 
a consequence, zircon LA-ICP-MS U-Pb dating has been carried out for the shallow metamorphic 
tuffaceous fine sandstone in the Yamansu formation of the Lower Carboniferous in this area. The 
results show that the ages of 30 clastic zircons range from 365 ±3 Ma to 2451 ±39 Ma, with multi-
peak distribution characteristics. The ages of clastic zircons are mainly concentrated in 365~496 Ma, 
the main peak is 365~436Ma, the secondary peak is 440~496 Ma, and the ages of 8 clastic zircons 
are between 765~2451 Ma. The study shows that the formation age of the sedimentary rock is not 
the early Carboniferous but the late Middle Devonian. Based on the isotopic dating data of the two-
cloud quartz schist in the Xiaohuangshan area in the northeast of the study area, it is considered 
that the lower limit of the formation period of this set of strata is not earlier than the Devonian. 
Combined with the age data of ancient zircons in diabase and fused tuff in the study area, and the 
comprehensive analysis of regional sedimentary characteristics, it is concluded that there may be 
Precambrian crystalline basement in the sediment source area-Junggar-Turpan-Hami block. 
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1. Introduction 

The study on the basement properties of the Junggar-Turpan-Hami block is very important for 

analyzing the structural characteristics and evolution of the northern Xinjiang and Central Asian 

orogenic belts, and for exploring oil, gas, coal and other mineral resources in the basin. However, 

there are still great differences in the tectonic attribute and evolution history of the basement. The 

low mountain and hilly Gobi area between the southern Turpan-Hami basin and the Tarim basin is 

the East Tianshan orogenic belt. There are many scientific problems in the evolution of Paleozoic 

oceanic-continental tectonic framework and its complex orogeny in the East Tianshan region [1-5]. 

A set of tuff and tuff clastic rocks with a thickness of 5636.29m are developed in Dongdagou area of 

Yamansu town in the southeastern margin of Turpan-Hami basin. It is divided into Yamansu 

formation of Lower Carboniferous in the range of 1: 200000 Hongliuhe, and the research degree is 

weak. On the basis of detailed field geological survey, the author has studied the LA-ICP-MS zircon 

U-Pb dating of tuffaceous sandstone in order to re-recognize the formation age of this set of strata 

and provide research data for the study of basement properties of Junggar-Turpan-Hami massif. 

As shown in Figure 1a, the study area was located on the southeastern margin of the Turpan-Hami 

basin and on the north-east side of the Kangguertage collision zone. This area is the eastern extension 

of the Paleozoic active continental margin belt in the southern margin of Turpan-Hami basin. The 

administrative division belongs to Yamansu Town, Hami City, and Xinjiang Uygur Autonomous 

region. The strata exposed in the area are mainly Carboniferous strata, mainly the Lower 

Carboniferous Yamansu formation, followed by the Lower Carboniferous Xiaorequanzi formation 

and the Upper Carboniferous Dikaner formation. The Yamansu formation was mainly composed of 

thick gray-green and grayish-brown tuff and gray and brown tuffaceous clastic rocks, with 

mylonitized bioclastic limestone at the top and rich fossils of corals and gastropods. The Xiaorequanzi 

formation was composed of gray, grayish green, reddish brown tuffaceous sandstone and grayish 

green and sauce red tuff. The main lithology of Dikaner formation was gray-black, gray-green tuff, 
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tuffaceous sandstone intercalated with gray-black siliceous rock and siliceous mudstone, and the 

bottom was a thick layer of dark gray pillow basalt. 

 

Figure 1. Geological sketch map of the southern Turpan-Hami Basin (modified after [6]). 

2. Sampling position and sample characteristics 

The DDG2T01 samples of metamorphic tuffaceous fine sandstone were collected from the south 

of Dongdagou, Yamansu Town, Hami City (Figure 1b), with coordinates of 94°00′48.5″E and 

41°58′02″N In the field outcrop, the rock assemblages were mainly as follows: the upper part of the 

sampling site was composed of reddish brown, gray-green tuffaceous coarse sandstone, fine 

sandstone and siltstone, and the middle part was brown tuffaceous coarse sandstone, fine sandstone 

and tuff with a small amount of gray-green tuffaceous coarse sandstone, quartz veins were developed, 

and DDG2T01 samples were collected in brown tuffaceous fine sandstone. The lower part was gray, 

reddish brown coarse sandstone, tuffaceous sandstone and tuff. The study horizon belonged to the 

lower subgroup C1ya, of the Yamansu formation of the Lower Carboniferous, which was in contact 

with the C1yb fault of the upper subgroup of the Yamansu formation of the overlying strata. 

As shown in Figure 2 under the microscope, the detritus in tuffaceous fine sandstone was mainly 

feldspar (with an average content of about 45 %), quartz (with an average content of about 35 %), 

tuffaceous cuttings (with an average content of about 15 %) and extrusive cuttings (with an average 

content of about 5 %). The detritus grain size was generally 0.1~0.25 mm. Feldspar had a strong 

sericitization. The cement content was 20 %, which was mainly tuff and its alteration products with 

strong chlorite, Ili petrification and pyrite generally occur. Under the microscope, it could be seen 

that pyrite was scattered and disseminated. 
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Figure 2. DDG2T01 micrograph of tuffaceous 

 sandstone, a. Orthogonal polarization; b. Single polarized light 

3. Zircon characteristics and test results 

Zircon separation was completed in Hebei Langfang Institute of Mineral Geological Survey. 

Sample preparation, reflected light, cathodoluminescence and U-Pb isotope analysis were completed 

in the State key Laboratory of Continental Dynamics, Northwestern University. The instrument used 

in the experiment was Agilent 7500a, and the spot of the laser beam was 30 μm. The laser denudation 

system was GeoLas200M and the wavelength was 193nm. Test and data processing were carried out 

according to the standard determination procedure [7]. 207Pb/206Pb surface age was used for zircon 

ages over 10Ga and 206Pb/238U surface age for zircons less than 10Ga [8]. 

30 points of 29 zircons in metamorphic tuffaceous fine sandstone DDG2T01 samples were dated 

by ICP-MS U-Pb, and 28 harmonic ages with a harmony degree of 90% to 110% were obtained. From 

the zircon CL image of tuffaceous sandstone in Figure 3, it can be seen that the zoning structure of 

zircon was relatively clear. Table 1 showed the calculated results of U/Pb isotopic composition and 

surface age in the sample, in which the isotope ratio and the age error of a single point are both 1 δ. 

The contents of U and Th were 85.16×10-6 ~ 511.16×10-6 and 44.19×10-6 ~ 326.78×10-6, respectively. 

The Th/U ratios were all greater than 0.1and only 4 were less than 0.4. The cathodoluminescence 

characteristics and Th/U ratios show ED that most of these clastic zircons belong to magmatic zircons 

and some of them were affected by metamorphism. 

 

Figure 3. Cathodoluminescence image of tuffaceous fine sandstone DDG2T01 zircon. 

According to the analysis data in Table 1, the U-Pb surface age values of DDG2T01 zircons in 

tuffaceous sandstone range from 365 ±3 Ma (point 18) to 2451 ±39Ma (point 8). All the points of the 

zircon 207Pb/235U - 206Pb/238U harmonic diagram (Figure 4b) fall on or near the harmonic line, showing 

good harmony, and there is no obvious lead loss. 
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Table 1. Results of DDG2T01 zircon LA-ICP-MS U-Pb  

isotopic chronological analysis of tuffaceous sandstone in eastern Yamansu. 
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Figure 4. DDG2T01 zircon age distribution histogram of tuffaceous 

 sandstone (a) and zircon 207Pb/235U - 206Pb/238U harmonic diagram (b). 

According to the CL characteristics (Figure 3) and age distribution (Figure 4) of clastic zircons in 

tuffaceous sandstones, the U-Pb ages of clastic zircons studied can be divided into the following age 

groups: (1) 365~436 Ma: 13 zircons (point 3, 5, 7, etc in Figure 3.), the 232Th/238U ratio is between 
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0.34 and 0.85. Some of the zircons (point 22, 25, 12, 23, 13, and 21 in Figure 3) have obvious 

magmatic rhythmic zones. Only one Th/U ratio is 0.34, and the rest are magmatic zircons with more 

than 0.4. Zircons are semi-self-shaped columnar and well-rounded, and some of them (point 22, 25, 

12, 23, 13, 21) have obvious magmatic rhythmic zones. There are also a small number of zircons (7, 

11, 17, and 18 in Figure 3) whose zoning is unclear and may have suffered metamorphism. (2) 

440~496 Ma: 6 zircons (point 6, 15, 20, etc.in Figure 3), the 232Th/238U ratio is between 0.54 and 0.86, 

the zircon oscillatory zone is not clear in the CL image, and some zircons (point 6, 26, 27 in Figure 

3) may be affected by metamorphic events. (3) 531 Ma: 1 zircons (point 10 in Figure 3), the 232Th/238U 

ratio is 2.56. The magmatic prosodic zoning of zircons is unclear, the luminescence is not uniform, 

and dark accretion edges are seen on the edges, which may have undergone secondary transformation. 

(4) 765~959 Ma: 5 zircons (point 1, 2, 9, 16, and 30 in Figure 3). The 232Th/238U ratio is between 

0.22-1.34, and the zircon CL shows that the zircon grains are highly rounded, and the internal 

structure of zircon is zoning-free or weak zoning structure, indicating that they may have been 

transported for a long distance and affected by metamorphism. (5) 1201 Ma and 1272Ma: 2 zircons 

(point 4 and 14 in Figure 3), 232Th/238U ratios are 0.32 and 0.74, respectively. There are obvious 

zoning, and thin white or dark accretive edges can be seen on the edge of zircon, indicating that it 

may be disturbed by hydrothermal activity. (6) 2451 Ma: 1 zircon (point 8 in Figure 3). The 232Th/238U 

ratio was 1.17. It should be magmatic zircon because of its good grinding, unclear banding and dark 

glow. 

4. Discussion 

The internal structure and U/Pb isotopic composition of zircons reflected by zircon 

cathodoluminesc-entce images of tuffaceous sandstone DDG2T01 samples showed that most zircons 

had the characteristics of typical magmatic zircons. The high degree of grinding at the edge indicated 

that it may also be affected by melting after long-distance transportation, resulting in the appearance 

of prism and harbor-like structure on the edge of zircon. A few zircons have complex internal 

structures, and there is little difference in core-mantle luminescence characteristics. The edges of 

some zircons are characterized by very narrow but bright CL images (point 1, 2, 25, 26, etc in Figure 

3.) may be caused by late thermal events or the formation of retrograde metamorphism in the later 

stage of metamorphism. 

The zircons of different ages vary greatly in the samples, with the largest number of zircons from 

Silurian and Proterozoic. Each accounts for 28.57 % of the total, followed by 7 Devonian with a 

content of 25 %; 3 Ordovician with a content of 10.71 %, and 2 Cambrian with a content of 7.14%. 

The age distribution of clastic zircons has a wide time span, indicating the complexity and diversity 

of the provenance composition of tuffaceous clastic rocks in Dongdagou, Yamansu Town, and Hami 

City, which is used for LA-ICP-MS zircon U-Pb dating. The average age of the youngest seven 

magmatic zircons in tuffaceous sandstone DDG2T01 clastic zircons is 384 ±4Ma, which limits the 

upper limit of sedimentary age of the sample, indicating that the tuffaceous sandstone is more likely 

to be formed in the late Middle Devonian than during the early Carboniferous. In addition, the 

youngest nine clastic zircons obtained from the XHST01 of the lower Carboniferous Yamansu 

formation quartz schist (original sandstone) in the Xiaohuangshan area in the northeastern part of the 

study area have a peak age of 360~412 Ma, with an average age of 379 ±5 Ma, limiting that the lower 

limit of the sedimentary period of the rock is not older than that of the late Devonian. It is inferred 

that the stratigraphic age of the Lower Carboniferous Yamansu formation in the 1: 200000 Hongliuhe 

amplitude of the southern Turpan-Hami basin may be Devonian. 

Besides, there are 8 clastic zircons in DDG2T01 samples of tuffaceous sandstone with ages 

between 765 ± 7 Ma ~ 2451 ± 39 Ma, representing the zircon formation age of rocks in the sediment 

source area. A total of 23 age data (published in another paper) have been obtained from the XHST01 

of the two-cloud quartz schist (original sandstone) in the Xiaohuangshan area, representing the 

provenance of the Mesoproterozoic-late Proterozoic tectonic-thermal event. According to the zircon 
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dating data of Triassic diabase YDA01 and fused tuff YDA02 in Dongdagou, Yamansu, seven zircon 

ages are between 586 ± 5 Ma ~2407 ± 27 Ma (published in another article). These ancient age peaks 

are partially consistent. It shows that the zircon formation age of both the sediment source rock and 

the surrounding rock of the magmatic ascending spillway is older than that of the Cambrian. 

Paleozoic oceanic crust fragments can be seen on the periphery of the Junggar-Turpan-Hami 

massif since the Junggar-Turpan-Hami massif had an alternating oceanic-continental pattern from the 

late Neoproterozoic to the Carboniferous [9]. The closure of the paleo-oceanic basin before the 

Karamaili ophiolitic melange belt in the northeast of Junggar Basin occurred in the late Carboniferous 

[10]. The oceanic basin represented by Bayingou ophiolite in the Dongtian Mountain closed in the 

early Carboniferous [11]. The oceanic basin represented by the western Junggar ophiolite and the 

oceanic crust fragments in the East Tianshan Kangguertag fault zone closed in the early 

Carboniferous[9]. Therefore, the ocean basins around the Yamansu Dongdagou and Xiaohuangshan 

areas in the south of the Turpan-Hami basin were not closed during the deposition of clastic rocks in 

the early Devonian, so their ancient clastic materials could not come from the Altai ancient crystalline 

basement in northern Xinjiang. Nor can it come from the Tarim plate, Kazakh plate and Siberia plate 

in the neighboring region. It can only come from the Junggar-Turpan-Hami block itself to the north 

of Tianshan, which is surrounded by Paleozoic oceanic basins. Therefore, it is concluded that these 

Precambrian age data reflect that there may be ancient crystalline basement in the sediment source 

area and magmatic ascending overflow area. This is also consistent with Li Yaping's understanding 

of 22 553~3073 Ma ancient zircons and their significance in the study of clastic zircons from the 

original Devonian Karamaili formation sandstones south of the Karamaili fault [9]. In addition, in 

recent years, there are a large number of Precambrian clastic zircons in the Paleozoic sedimentary 

rocks in some areas of Junggar or Precambrian gneiss capture bodies in intrusive rocks, which provide 

evidence for the existence of Archean crystalline basement in Junggar [12-16]. 

The Lower Carboniferous Yamansu formation in Dongdagou area of Yamansu is a set of 

sedimentary strata interbedded by tuff and tuffaceous clastic rock, interbedded with Jasper and thin 

siliceous rock according to field investigation and profile measurement. In addition, the top is 

bioclastic limestone with a thickness of about 89 m. It is rich in gastropod, coral and sea lily stem 

fossils. It represents a continental shelf-slope facies environment with deeper water body. The above 

geological practice of the Lower Carboniferous sedimentary rock series and sedimentary-volcanic 

rock series in the study area shows that the corresponding sedimentary environment and sedimentary 

provenance need to be based on the continental crust basement. It was believed that there was a 

continental crust basement in the Junggar-Turpan-Hami block in the Paleozoic. According to the pre-

Mesozoic regional tectonic framework extending in the east-west direction, it is inferred that the 

continental crust basement of eastern Junggar should be extended under the Junggar basin, which 

remains to be confirmed by further study. 

5. Conclusion 

Zircon U-Pb dating is carried out on the tuffaceous fine sandstone of the Lower Carboniferous 

Yamansu formation in Dongdagou area of Yamansu, Turpan-Hami Basin. It is considered that the 

main body of the Lower Carboniferous Yamansu formation was formed in the Devonian according 

to the latest average age data of clastic zircons 384 Ma and the youngest group of zircons of the two-

dolomite schist in the Xiaohuangshan area. 

The Lower Carboniferous Yamansu formation in Dongdagou area of Yamansu is exposed to the 

north of Dongtian Mountains. The 765~2451 Ma zircons of tuffaceous fine sandstone are derived 

from the Junggar-Turpan-Hami massif, which provides favorable evidence for the existence of 

Precambrian crystalline basement in Junggar. 
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