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Abstract: On the basis of reprocessing 34 new two-dimensional spliced long sections (20191 km) in the Tarim 

Basin, the deep structure features of the Tarim Basin were analyzed through interpreting 30,451 km of 

two-dimensional seismic data and compiling basic maps. Seismic interpretation and geological analysis conclude 

that the Nanhua-Sinian strata are a set of rift-depression depositional systems according to their tectonic and 

depositional features. The rift valley formed in the Nanhua Period, and the transformation became weaker during 

the late Sinian Period, which eventually turned into depression. From bottom to top, the deposited strata include 

mafic igneous, tillite, mudstone, and dolomite. Three major depocenters developed inside this basin during the rift 

stage and are distributed in the Tadong depression (Eastern Tarim depression), the Awati depression, and the 

Taxinian depression (Southwestern Tarim depression). Among them, the rift in the Tadong depression strikes in the 

near east-west direction on the plane and coincides with the aeromagnetic anomaly belt. This represents a strong 

magnetic zone formed by upwelling basic volcanic rock along high, steep normal faults of the Nanhua Period. 

Controlled by the tectonic background, two types of sedimentary systems were developed in the rift stage and 

depression stage, showing two types of sequence features in the Sinian depositional stage. The Nanhua System 

appears as a wedge-shaped formation, with its bottom in unconformable contact with the base. The rifting event 

has a strong influence on the current tectonic units in the Tarim Basin, and affects the distribution of source rock in 

the Yuertus Formation and reservoir beds in the Xiaoerbulake Formation in Lower Cambrian, as well as the 

gypseous cap rock in Middle Cambrian. The distribution features of the rifts have important and realistic 

significance for determining the direction of oil and gas exploration in the deep strata of the Tarim Basin. 

Comprehensive analysis suggests that the Tazhong region is the most favorable zone, and the Bachu region is the 

optimal potential zone for exploring sub-salt oil and gas in deep Cambrian strata.  

 

Key words: Tarim Basin; Nanhua Period; Sinian Period; rift 

 

E-mail: xinguizhou100@sina.com 

 

1. Introduction 

 

The Nanhua-Sinian Systems are the first set of sedimentary formation above the base of the Tarim 
Basin. Previous studies have mainly focused on the Kuruktag, Kalpin and Tiekelike regions (Jia 
Chengzao,1997; Zhang Shiben, et al.,2003). Study results show that this set of strata developed in the 
rift background, including rift conglomerate, volcanic rock, tillite, neritic clastic rock, and dolomite, etc. 
There is no Sinian outcrop inside the Tarim Basin, and the Sinian System was encountered by only a 
few wells. The lack of data has restricted the depth of research. In recent years, with exploration in the 
Tarim Basin being conducted, the researchers have paid considerable attention to Cambrian sub-salt 
structures and source rocks (Cui Haifeng, et al., 2016; Feng Xukui, et al., 2015). Especially after major 
breakthroughs in Sinian-Cambrian oil and gas reservoirs in the Sichuan Basin (Wei Guoqi, et al., 2015; 
Zou Caineng, et al., 2014), the study on tectonic features and their effects on the oil and gas of deep 
Nanhua-Sinian Systems of the Tarim Basin that share the same tectonic background has grown in 
importance.  
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Currently, there has been no consensus about Nanhua-Sinian rift distribution and geotectonic genesis. 
Previous studies mainly focused on the stripped anomalies of the geomagnetic field in the central part 
of the Tarim Basin. There are three opinions about the genesis of the geomagnetic anomaly: one, this 
geomagnetic anomaly belt represents the SN-striking jointing of the Pre-Sinian base of the Tarim Basin 
(Jia Chengzao,1997; Guo Zhaojie, et al., 2000); two, this geomagnetic anomaly belt reflects the 
distribution of Paleoproterozoic-Neoproterozoic rifts (Feng Xukui, et al., 2015; Wang Yichang, et al., 
1994); and three, this geomagnetic anomaly belt is the result of later volcanic activities and tectonic 
reconstruction, including Neopaleozoic basic volcanic rock genesis (Ding Daogui, et al., 1996), 
Permian magmatic conduits (Li Yuejun, et al., 1999), and Ordovician basic volcanic rock (He Bizhu, et 
al., 2011). As the aeromagnetic data is the result of superposed multistage tectonic cycles, its 
interpretation has ambiguity.  

In order to ascertain structural features of deep strata in the Tarim Basin, our project team Oil and 
Gas Survey, CGS spliced and processed 20,191 km of 2D seismic lines and interpreted 30,451 km of 
seismic data from 2013-2017, establishing a long, sectioned network of the Tarim Basin (Fig. 1). We 
compiled more than 140 basic maps, including a structural map, residual thickness map, geologic 
configuration map, and more of major deep strata to characterize the deep configuration features of the 
Tarim Basin. In this paper, based on the interpretation of the newest 2D-spliced long seismic sections 
of the Tarim Basin, we characterized the tectonic hierarchy from deep to shallow formations and 
deciphered the deformation mechanisms of various tectonic layers to provide a geologic foundation for 
tectonic zonation. Moreover, we studied the Nanhua-Sinian rifts to confirm their distribution features 
and analyzed the geotectonic background of rift development and its controlling effect on oil and gas to 
provide reference for oil and gas exploration in the deep formations of the Tarim Basin.  

 

Fig. 1. Tectonic units of the Tarim Basin and positions of long seismic sections 

 

2. Regional geologic background 

 

The base of the Tarim Basin was formed during Mesoproterozoic era (He Dengfa, et al., 1996), 
i.e., the Tarim Landmass (Xu Xiaosong, et al., 2004). After that, its peripheral splitting event 
began in the Nanhua Period, according to the study results of many researchers (Yang Shufeng, et 
al., 1998; Zhang Chuanlin, et al., 2003a, 2003b; Wang Fei, et al., 2010; Zhan Xinzhong, et al., 
2010, 2013; Guo Qunying, et al., 2015). In recent years, some researchers have proposed that the 
Tarim plate belonged to the Rodinia supercontinent. They argue that the rifting event during the 
Nanhua Period was concurrent with the splitting event of Rodinia supercontinent, after which two 
branch rifts developed at the northeastern margin and northwestern margin of the Tarim Basin 
(Zhou Xiaobei, et al., 2012). Other researchers thought that the Tarim Basin developed all three 
branch rifts during the Nanhua period (Feng Xukui, et al., 2015). This rifting event formed several 
archipelagic oceans and back-arc basins around the Tarim Basin (Ding Daogui, et al.,1996), so 
that the Tarim Landmass was surrounded by three oceans: the South Tianshan Ocean in the north, 
and the Kunlun Ocean and Altyn Ocean in the south (Xu Xiaosong, et al., 2004). The rifting event 
during Nanhua Period had a strong control over the stratigraphic configuration of the Tarim Basin 
(Cui Haifeng, et al.. 2016; Feng Xukui, et al., 2015), and this control continued until the 
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depositional period of the Ordovician strata (Kang Yuzhu, et al., 1994). 
In recent years, with oil and gas discoveries in the Sinian Doushantuo Formation and the 

Dengying Formation in western Sichuan Basin (Wei Guoqi, et al., 2015; Zou Caineng, et al., 
2014), the Tarim Basin has drawn great attention from researchers as well (Zheng Chunfang, et al., 
2016; Jiang Haijian, et al., 2017; Yang Xin, et al., 2017 ), due to its similar tectonic background. 
Particularly, the tectonic background and distribution of the Nanhua-Sinian strata have a profound 
effect on the exploration of the Tarim Basin’s deep strata. Outcrops data indicate that the typical 
sections of the Nanhua, Sinian, and Cambrian are located in the northwestern region of the Tarim 
Basin (Fig. 2). The main sample collection points and stratigraphic observation outcrops of this 
study are all located in this area. 

 
Fig. 2. Geological map of Kalpin Uplift (Modified after the geological map of Xinjiang’s Atushi to Kalpin area 

(1:100000), which was prepared by the Exploration and Development Research Institute of the Exploration Bureau 

of the Dian-Qian-Gui Oilfield Company in 2002, and the geological map of Xingjiang’s Kalpin area (1:1000000), 

prepared by the Jianghan Petroleum Administration Research Institute in 1988).  

 

3. Samples and Methodology  

 

3.1 Location of samples and drillings  
The samples were collected in the Lower Cambrian Yuertus Formation and Xinkedi-1 Well. The 

Shiairike and Penglaiba outcrops, located in the southwest of the Aksu area (Fig. 3), Xinjiang, are 
typical Cambrian stratotype outcrops in the Tarim basin. Xinkedi-1 Well is about 35.4 km from 
Aksu city in the northeast (Fig. 3). 

 
Fig. 3. Location of outcrops and wells 
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3.2 Samples analyses 
Samples collected from outcrops were tested in Yangtze University’s Geochemistry Laboratory. 

The organic carbon test is based on GB/T 19145-2003, "determination of total organic carbon in 
sedimentary rocks," and the testing equipment was the GS-200 carbon and sulfur analyzer (No. 
617-100-800). The temperature was 21°C, and the humidity (RH) was 72%. The rock pyrolysis 
test is based on GB/T 18602-2001, "rock pyrolysis analysis," and the testing equipment was the 
OGE-VI oil and gas evaluation workstation. The temperature was 21°C, and the detection 
humidity (RH) was 72%. 

Samples collected from Xinkedi-1 Well were tested in the Geochemical Testing Department of 
Lanzhou Center for Oil and Gas Resources, Institute of Geology and Geophysics, Chinese 
Academy of Sciences. The Rock-Eval6 pyrolysis instrument was used to measure the amount of 
hydrocarbon production at different temperatures. The injection volume was 30 mg, and the 
heating rates were 10 °C/min, 20 °C/min, 30 °C/min, 40 °C/min and 50 °C/min. The temperature 
was raised from 200 °C to 600 °C, and the amount of hydrocarbon production was recorded 
incrementally. 

 
4. Results   

 

4.1 Interpretation results of seismic sections 
The data from a typical seismic section of the Tarim Basin shows that the Nanhua-Sinian strata 

have a high level of thickness, stable deposition, and extensive distribution (Fig. 4). The 
Nanhua-Sinian strata are taphrogenic, and they mainly consist of clastic rock in neritic facies with 
volcanic rock and carbonate rock interbedded. The Nanhua System is limited in the eastern part of 
this basin, with thicknesses between 0-3000 m. The Sinian System is mainly found both within 
and north of the central uplift, with thicknesses between 200-1000 m. The Cambrian-Lower 
Ordovician Systems are widely distributed. These systems are carbonate deposits in platform 
facies in the western part of the basin, with thicknesses between 1000-3000 m. They also consist 
of siliceous muddy shale and limestone in deep-sea basin facies in the eastern part of the basin, 
with thicknesses generally between 200-600 m. The Middle-Upper Ordovician is a system made 
of diamictic continental shelf facies. In the Tazhong-Bachu and southern Tabei regions, it includes 
carbonate rock in the platform facies of the Yijianfang Formation and Lianglitag Formation. The 
clastic rock deposits are very thick, reaching measurements of up to 4000-6000 m in the Mandong 
and Tangutsbas sags. This tectonic layer has typical features, expansive uplifts and depressions, 
that form the basic tectonic framework of the Tarim Basin. These features include large uplifts, 
such as the Central Uplift, Tabei Uplift, Tanan Uplift, etc., and large depressions, such as the 
North Depression, Kuqa Depression, Taxinian Depression, and more.  
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Fig. 4. Interpretation result of a typical long seismic section of Tarim Basin (Its location is shown in Fig. 1)
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According to interpretation results of long seismic sections, the rift sequences in the Tarim 
Basin during the Nanhua-Sinian Period are chiefly distributed in the following regions (Fig. 5): 
the Tadong, Awati, and Taxinian regions. In the Tadong region, the Nanhua-Sinian strata gradually 
become thicker from west to east and connect with the Kuruktag region. In the Awati region, the 
Nanhua-Sinian strata gradually become thicker from east to west, and connect with the Kalpin 
faulted uplift. In the Taxinian region, there are two main zones with higher levels of thickness. A 
belt strikes northwest to southeast along the current Maigaiti slope, and another slope becomes 
thicker to the south along the Taxinian piedmont zone. Nanhua-Sinian Systems are absent in the 
Tadongnan region, the Tazhong region and Bachu Uplift. Relevant studies are absent for the Kuqa 
region.  

 

Fig. 5. Residual thickness map of Nanhua-Sinian strata in Tarim Basin 

 

4.2 Nanhua-Sinian rift-depression system 
The Nanhua-Sinian Systems are the first set of sedimentary formation above the base of the 

Tarim Landmass. There are two major opinions about its geotectonic background. First, some 
argue that the cratonic splitting event occurred early in the Sinian period, and the basin entered 
depression stage late in the Sinian period (Feng Xukui, et al., 2015; Kang Yuzhu, et al., 1994; Xie 
Xiao’an, et al., 1996; Li Delun, et al., 2001). Second, others assert that after the basin’s bed pieced 
together, large-scale, cratonic intracontinental and marginal rifts developed during the depositional 
period of the Nanhua System. This rifting process then became weaker during the early Sinian 
period, and transitioned to a depression period that lasted to the Ordovician Period (Cui Haifeng, 
et al., 2016; Zhang Chuanlin, et al., 2003a, 2003b; Zhan Xinzhong, et al., 2010, 2013; Guo 
Qunying, et al., 2015; Zhou Xiaobei, et al., 2012, 2015; Wang Aiguo, et al., 2004).  

The above two opinions are chiefly caused by different schools of thought on stratigraphic time 
sequences. The original lower Sinian System is generally considered to be Nanhua strata now. In 
this study, we adopted the newest Pre-Cambrian stratigraphic chronology (Zong Wenming, et al., 
2010), in which 780-635 Ma is defined as the Nanhua Period, and 635-541 Ma is defined as the 
Sinian Period. In the past few years, with exploration of deep strata in the Tarim Basin increasing, 
more and more dating data show that Neoproterozoic samples from the Tarim Basin are usually 
dated between 700-800 Ma (Zhang Chuanlin, et al., 2003a, 2003b; Zhan Xinzhong, et al., 2010, 
2013; Guo Qunying, et al., 2015), which means that the rifting entered fastigium during the 
Nanhua Period. According to this data, we argue that the continental rift deposition of the Nanhua 
Period started from the basalt in the lower Nanhua series, while a set of mudstone assemblage in 
upper Nanhua series and lower Sinian series represents a deep-water depositional environment 
under the chasmic background. The dolomite in the upper Sinian series marks the end of the 
chasmic stage and the start of the depression stage (Zhan Xinzhong, et al., 2010; Wu Guanghui, et 
al., 2012). The subsequent Cambrian-Ordovician strata inherited the depression background.  

As to the reason for the aeromagnetic anomaly belts in the Tarim Basin, analysis of the data 
from two seismic sections (Fig. 6) through Well TD1 and Well TD2 across the high aeromagnetic 
anomaly belt in the middle of this basin shows that the Sinian top is a set of continuous laminar 
reflection events with medium-strong amplitude. This represents the dolomite facies in upper 
Sinian series, while the mudstone and volcanic clastic rock in lower Sinian series appear as 
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discontinuous reflection events with weak amplitude on seismic section. Additionally, there is a 
set of strong unconformity surfaces at its bottom. During the depositional period of the Sinian 
System, which was controlled by tectonic background, both the rift stage and depression stage of 
depositional systems developed, showing two types of different sequence development features 
(Fig. 7). Z-SQ1 (lower Sinian series, rift stage) shows longer marine transgression and short 
marine regression. During the marine transgression period, coarse clastic deposits quickly 
developed at the margin near provenances. Meanwhile, marine fine-grained deposits developed 
inside the basin. The marine regression period was relatively shorter. Z-SQ2 (upper Sinian series, 
depression stage) generally shows marine regression and progradation feature. The initial 
depression stage was dominated by marine transgression, followed by an extensive marine 
regression. The sequences of the late depression stage are not complete on the seismic section, 
with apparent truncation featured. The same sequences are in high-angle unconformity with the 
overlying strata, a large regional unconformity surface between the Sinian System and the 
Cambrian System, which means that this region might suffer long-term exposure and erosion after 
the deposition of the Sinian System. The Nanhua System appears as a wedge-shaped formation, 
with the bottom in unconformable contact with the base, featuring weaker internal reflections (Fig. 
8). The lithologies of the deposits include basic igneous rock, tillite, and mudstone. On the plane, 
this fault depression coincides with the aeromagnetic anomaly belts, which indicates that the 
magma from deep strata upwelled along high-steep normal faults, after which basic dyke swarms 
with strong magnetism developed at the basin base, and double-peak volcanic rock deposited at 
the fault depression bottom (Fig. 9).  

 

Fig. 6. Interpretation scheme of seismic sections through Well TD1 and Well TD2 (The location is shown in Fig. 1)  

 
Fig. 7. Interpretation profile of the Sinian sequence through line OGSZ-14-60 in Tarim Basin 

(The location is shown in Fig. 1) 
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Fig. 8.Rift-depression feature of the Nanhua-Sinian Periods in Tarim Basin 

(partial of DD, The location is shown in Fig. 1) 

 

Fig. 9. Distribution of Nanhua intracontinental volcanic rock in central Tarim Basin 

 (modified after Zong WM et al., 2010) 

 

In order to figure out the geologic configuration feature of deep strata in the Tarim Basin, Oil 
and Gas Survey of China Geological Survey deployed and conducted a CEMP profile survey 
project along Kalpin-faulted Uplift, Bachu Uplift, and the southwest depression of this basin in 
2015. This survey line (No. OGS15-CEMP-YC02) is 500 km long, crossing three tectonic units: 
the Kalpin-thrusted belt, Bachu Uplift, and the southwest depression. Comprehensive geologic 
results of the survey line OGS15-CEMP-YC02 (Fig. 10) shows that the overall deep strata of the 
Tarim Basin were apparently controlled by the Presinian-Nanhua base, and also controlled by the 
extensional faults. Presinian-Nanhua chasmic troughs also developed with the depositional feature 
of half graben-like fault depression, or faults, on both sides.  

Through analysis, it is concluded that this is a branch chasmic trough that stretched from 
southern Paleo-Tethys Ocean into the Tarim Basin during Sinian-Nanhua period. The distribution 
of igneous rocks in Presinian-Nanhua base was controlled by ancient faults. The igneous rocks are 
mainly distributed in the upper wall of large faults, or along these faults. They were formed during 
late Jinning epoch, showing intermediate acidic batholith features invaded into Archean and 
Middle-Upper Proterozoic.  
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Fig. 10. Comprehensive geologic interpretation profile of survey line OGS15-CEMP-YC02  

(Its location is shown in Fig. 1) 

 

4.3 Organic geochemistry 
In this work, we compiled the distribution map of the Yuertus Formation based on drilling data 

and reflection features of long profiles (Fig. 11). The map shows the Yuertus Formation is bigger 
in distribution scope inside this basin, only absent on high positions of Bachu Uplift and the 
Tazhong region, and restricted in two bands in the Taxinian region. To confirm the geochemical 
features of the Lower Cambrian Yuertus Formation source rock in the Tarim Basin, Oil and Gas 
Survey of China Geological Survey drilled Well XKD-1 in Kalpin-faulted Uplift in the Tarim 
Basin in 2017. This well drilled through the Lower Cambrian Yuertus Formation, 49 m thick in 
total, and revealed that this formation consists of interbedded phosphor siliceous dolomites rock 
and black carbonaceous shale (Table 1, Fig. 12). Geochemical analysis results indicate that this 
formation is a set of high-quality source rock (Table 1). Based on the sampling and analyzing of 
the typical Lower Cambrian Yuertus Formation geological outcrop profile (Table 1), the Lower 
Cambrian Yuertus Formation has been proved to be a set of high-quality hydrocarbon source 
rocks. 

 
Fig. 11. The distribution scope of Cambrian Yuertus Formation 
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Table. 1. Statistics of organic geochemistry of the Lower Cambrian Yuertus Formation in wells and outcrops  

No. Number 
S1 

(mg/g) 

S2 

(mg/g) 
PI 

Tmax 

 （℃） 

PC 

(%) 

TOC 

(%) 
HI 

MINC 

(%) 
Test unit 

1 XKD1-09 0.13 1.02 0.12 458 0.11 2.64 39 2.17 Geochemical 

Testing 

Department of 

Lanzhou Center 

for Oil and Gas 

Resources, 

Institute of 

Geology and 

Geophysics, 

Chinese 

Academy of 

Sciences 

2 XKD1-10 0.17 1.15 0.13 460 0.23 1.78 42 1.79 

3 XKD1-11 0.24 1.24 0.08 457 0.31 3.69 51 1.54 

4 XKD1-12 0.2 1.19 0.05 462 0.28 7.54 39 0.89 

5 XKD1-13 0.34 2.3 0.12 465 0.35 6.32 47 0.21 

6 XKD1-14 0.35 4.67 0.07 485 0.44 8.19 57 0.17 

7 XKD1-15 0.26 2.12 0.11 472 0.21 6.35 33 0.14 

8 XKD1-16 0.23 1.79 0.09 502 0.23 2.58 48 0.54 

9 XKD1-17 0.3 0.98 0.18 531 0.34 3.98 59 0.32 

10 XKD1-18 0.14 0.83 0.14 541 0.09 1.57 53 0.06 

11 Dgy-1 0.05 0.13 0.28 441 0.01 7.56 / / 

Geochemistry 

Laboratory of 

Yangtze 

University 

12 Dgy-2 0.06 0.34 0.15 508 0.03 5.77 / / 

13 Dgy-3 0.03 0.06 0.33 482 0.01 4.77 / / 

14 Dgy-4 0.03 0.15 0.17 496 0.01 0.82 / / 

15 Dgy-5 0.02 0.06 0.25 481 0.01 3.79 / / 

16 Dgy-6 0.03 0.04 0.43 413 0.01 0.85 / / 

17 Dgy-7 0.03 0.06 0.33 489 0.01 1.97 / / 

18 Ku’nan1      1.56   

Cui Haifeng, et 

al., 2016 

19 Yuli1      2.28   

20 Tadong1      1.24   

21 Tadong2      1.93   

22 Xinghuo1      1.0-9.43   
Xiong Ran, et 

al., 2015 

23 Kungaikuotan      1.16-16.50   
Zhu Guangyou, 

et al., 2016 
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Fig. 12. Comprehensive columnar section of Cambrian Yuertus Formation in Well XKD-1 
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The distribution of Lower Cambrian Yuertus Formation has higher coincidence with 
Sinian-Nanhua rifts, which suggests that the Cambrian geotectonic background inherited the 
extensional property during the Sinian-Nanhua Periods, when the Tarim Basin transited from rift 
to depression and its tectonic movement intensity became weaker. Moreover, its depositional 
scope increased. The extensive distribution of the Lower Cambrian source rock implies that the 
deep strata of the Tarim Basin still have huge exploration potential.  

Sinian rifts and their inherited activities controlled the distribution of Lower Cambrian source 
rock and the transition of sedimentary facies belts in the Lower Cambrian series (Feng Xukui, et 
al., 2015). The structures in the Tabei-Luoxi region reveal that there is a high correspondence 
between Sinian-Nanhua rift boundaries and the Cambrian platform margin facies belt (Fig. 13). 
The rift boundaries were the high topography positions during the depositional period of the 
Cambrian System and the shallower body of water, which controlled the development of 
reef-beach facies at the Cambrian platform margin. The sedimentary facies gradually changed to 
slope facies and basin facies on the inside of the platform basin. We identified the boundary of the 
Sinian rift basin in western Kuman aulacogen, where Cambrian and Ordovician platform margin 
facies belts developed too, with distinct seismic reflection features (Fig.13). The evolution process 
from initial imbricated fore features to a weak-rimmed platform margin and then to a 
strong-rimmed platform margin shows the inherited controlling effect that rift boundaries have on 
platform margins. The development of sedimentary facies such as the platform margin, reef-beach 
phase, mixed tidal flat, and semi-evaporation tidal flat of the Lower Cambrian provided a material 
foundation for favorable reservoir development. This opinion has been confirmed by drilling and 
outcrop studies. In the Tashen-1 Well, a high-quality reef-beach sedimentary facies dolomite 
reservoir has been found in the Lower Cambrian Wusongger Formation. In addition, the 
high-quality reef-beach sedimentary facies dolomite reservoir has been found in the Lower 
Cambrian Xiaoerbulake Formation in the Kalpin Cambrian outcrop (Fig. 14). This platform 
margin facies belt also controlled the deposition of the gypseous salt layer in a marine regression 
event during the Middle Cambrian period. The gypseous salt deposits interbedded with limestone 
or dolomite in the inside of the platform margin facies belt can be regarded as good caprock. It is 
considered that the evaporation platform sedimentary facies gypsum salt deposition of the 
Middle-Lower Cambrian is mainly located in the Bamai-Tazhong area, which developed the 
gypsum salt rock with a high measure of thickness. This set of gypsum salt deposition has the 
possibility of developing in the Awati depression and mid-western Shuntuoguole Uplift. This set 
of deposition shows the typical characteristics of medium-strong amplitude and 
medium-continuous features in seismic profiles. The area of the Middle-Lower Cambrian gypsum 
rock salt deposition is approximately 161,500 square kilometers. The wide-ranging distribution of 
gypsum salt rock in the Middle Cambrian Awatage Formation provides a favorable seal for deep 
oil and gas accumulation. 

 

Fig. 13. Distribution profile of Cambrian-Ordovician platform margin facies belts controlled by Sinian rift 

boundaries
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(a) (b) 

 
 

(c) (d) 

 

Fig. 14. Characteristics of the favorable reservoir in Middle-Lower Cambrian from drilled well and outcrop  
(a) Characteristics of reservoir core in the reef-beach of Lower Cambrian Wusongger Formation in Tashen-1 Well; (b) The macroscopic 

characteristics of dolomite reservoirs in the reef beach facies of the Lower Cambrian Xiaoerbulak Formation in Kalpin Cambrian outcrop; 

(c) Corrosion holes in dolomite of the Lower Cambrian Xiaoerbulak Formation in Kalpin Cambrian outcrop, the maximum size is about 

0.2 mm, sample X-24; (d) Two groups of cutting structure cracks in dolomite in the Lower Cambrian Xiaoerbulak Formation of the 

Kalpin Cambrian outcrop, the width is about 0.05 mm, sample X-24 

 

 

4.4 Controlling effect of Nanhua-Sinian rifts on hydrocarbon accumulation in Cambrian System 
The distribution of source rocks is an important factor affecting exploration in the Tarim Basin. 

Currently, researchers generally believe that the Lower Cambrian Yuertus Formation is a set of 
source rocks (Tao Guoliang, et al., 2016; Yang Zongyu , et al., 2017; Chen Qianglu, et al., 2017; 
Zhu Guangyou, et al., 2016; Zhu Chuanling, et al., 2014). The source rock of the Cambrian 
Yuertus Formation provided material for oil and gas accumulation in deep formations of the Tarim 
Basin. This formation is the first set of a stratum overlying the Sinian System; thus, the 
Precambrian ancient landform could control its distribution scope, then affect oil and gas 
distribution. From bottom to top, the Lower Cambrian Yuertus Formation can be divided into three 
members: black siliceous rock or dolomitic limestone, black carbonaceous shale, and gray white 
dolomite (Zhang Shiben, et al., 2003), with thickness between 10-30 m each. The depositional 
period of the Yuertus Formation was the first marine transgression event during the Cambrian 
Period, which was consistent with rise in the global sea level and reducing environmental quality. 

There are still controversies over the distribution scope of the Lower Cambrian Yuertus 
Formation (Feng Xukui, et al., 2015; Xiong Ran, et al., 2015; Cui Haifeng, et al., 2016). The 
major controversy centers around whether there is residual Yuertus Formation in the Maigaiti 
slope in the Taxinian region. According to available drilling data from the Tarim Basin, the wells 
that penetrated the Lower Cambrian Yuertus Formation encountered Sinian deposits, while the 
wells that did not penetrate the Lower Cambrian Yuertus Formation did not reveal any underlying 
Sinian-Nanhua strata. These results show that there is a higher coincidence between them. Based 
on well-seismic calibration results, the source rock intervals in wells (HX1, TD1, etc.) that 
encountered source rock in the Yuertus Formation mainly show strong amplitude and continuous 
reflections on seismic sections (Fig. 15a). The prospecting wells that did not encounter source 
rock in the Yuertus Formation show weak amplitude and poorly continuous reflections on seismic 
sections (Fig. 15b).
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Fig. 15. Seismic facies maps of the areas with and without source rock in Yuertus Formation 

 

4.5 Hydrocarbon accumulation mode 
Based on the above analysis of the Sinian-Nanhua rifts’ controlling effect on hydrocarbon 

accumulation in the Cambrian System, we predicted hydrocarbon accumulation mode in the deep 
strata of the Tarim Basin (Fig. 16). The source rock is Lower Cambrian Yuertus Formation or 
Sinian System; the reservoir beds are dolomite or weathering crust. The favorable caprock is 
Cambrian gypseous salt layer or Ordovician mudstone, and the conducting system is composed of 
faults or unconformity surfaces. On this basis, by comprehensive evaluation of reservoir-caprock 
assemblage in Middle-Lower Cambrian, hydrocarbon accumulation evolution, and current 
exploration capacity, we conclude that the Tazhong region is the most favorable sub-salt 
exploration zone in Cambrian System. We also conclude that the Bachu region is the major 
potential zone for exploring sub-salt oil and gas in Cambrian System. This conclusion is based on 
the following two reasons: First, from the viewpoint of exploration depth, the Gucheng platform 
margin facies belt, northern Tabei platform margin facies belt, and Awati platform margin facies 
belt in the Lower Cambrian System are quite favorable, but their depths are larger. The Tazhong 
and Bachu-Madong regions developed tidal flat and dolomite flat reservoir beds or dolomite 
reservoir beds covered by Middle Cambrian gypseous caprock. These regions are closer to or 
stereoscopically overlapped with the Yuertus source rock controlled by Sinian rifts in the Awati, 
Kuman, and Maigaiti slopes, and their current burial depths are shallower. Second, from the 
viewpoint of tectonic and hydrocarbon accumulation evolution, the Tazhong paleo-high and 
sub-salt structures developed successively, which is most favorable for oil and gas accumulation. 
Additionally, exploration breakthroughs have been made in these regions. Tabei Uplift suffered 
reconstruction during a later period, which led to bigger destruction and unfavorable conditions 
for hydrocarbon accumulation. The Bachu-Madong region was at the front of the Taxinian Uplift 
zone during the early period, and experienced titling during the Himalayan movement, which was 
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favorable for oil and gas adjustment. The Tazhong sub-salt structure developed successively for a 
long period of time, which is similar to the Gaoshiti-Moxi gas field in the Sichuan Basin. Thus, it 
is the most favorable zone for hydrocarbon accumulation. The Bachu region is similar to the 
Weiyuan region, and better-preserved anticline structures there also have conditions for 
hydrocarbon accumulation. As a result, it is the major exploration region.  

 

Fig. 16. Predicted hydrocarbon accumulation mode in deep strata of the Tarim Basin 

 

5. Discussions 

   

5.1 Understanding the Nanhua-Sinian rifts systems 
At present, the understanding of the Nanhua-Sinian rifts systems is based on the existing 

seismic data interpretation and recognition of the development characteristics of the base of Tarim 
Basin. However, the length of the arrangement of the two-dimensional earthquake in the early 
stage is not enough. The quality of the deep data is poor; the reason is that the data does not target 
processing in the deep layers. Due to the limitations of the above seismic data, the existing data 
cannot reflect the deep macroscopic characteristics of the whole basin, and the depiction of the 
fissure system is limited to some local areas. This is the main issue that led to understanding the 
differences in the characteristics and distribution of the crack system in the Tarim Basin.  

Therefore, in order to further deepen the research, accurately portray the Tarim Basin fissure 
system, and solve the existing disputes and differences, it is necessary to carry out the collection 
and research of long-arranged vibrators in the deep Tarim Basin. This will solve the problem of 
insufficient two-dimensional seismic collection length and data characterization. The problem of 
insufficient depth is solved by combining the seismic and non-seismic data to establish standard 
model of the deep geological structure of the whole basin, answering the doubts about the 
characteristics of the whole basin fissure system and the existence of the crack system in the 
Southwestern Depression of the Tarim Basin. 

 
5.2 Understanding the Lower Cambrian Yuertus formation 

The research and drilling confirmed that the source rocks of the Cambrian Yuertus Formation 
are very important source rocks in the Tarim Basin (Huang Difan, et al., 1997, 1999; Xing Weixin, 
et al., 2007; Fu Guoyou, et al., 2007; Wang Zhaoming, et al., 2014; Hu Guang, et al., 2018) and 
are the key factors for deep hydrocarbon accumulation. Therefore, the characteristics of the source 
rocks of the Lower Cambrian Yuertus Formation are accurately described. It is an important 
foundation for understanding the potential of deep resources, and is of great significance. However, 
limited by the quality of seismic data and only a small number of wells in the basin encountered in 
the formation, the understanding of the distribution of source rocks in the Cambrian Yuertus 
formation is highly controversial. Some researchers believe that the Cambrian source rocks 
developed in the Northern Depression of the basin and its periphery (Zhang Shuichang, et al., 
2012). Other researchers believe that the Cambrian source rocks are distributed not only in the 
Northern Depression, but also along the south edge of the Southwestern Depression of the Tarim 
Basin (Pan Wenqing, et al., 2015). 

In this paper, using the re-processing of 34 new two-dimensional spliced long sections (20191 
km) in the Tarim Basin and the drilling calibration of the strata in the basin, combined with the 

 

 
This article is protected by copyright. All rights reserved. 



16 

 

seismic reflection characteristics of the Sinian and Cambrian systems, the Cambrian system is 
predicted based on the distribution of the Sinian system. The Cambrian Yuertus formation is 
believed to be primarily distributed in the Northern Depression and its periphery, while the 
distribution is limited in the Southwestern Depression of the Tarim Basin. Although the oil and gas 
from the Cambrian Yuertus formation has been discovered, there is no drilling of the formation in 
the southwestern part of the Tarim Basin. Therefore, in order to accurately understand and 
describe the distribution of the Cambrian Yuertus formation and provide a geological basis to the 
deep exploration of the area, the Basic Geological Survey Project has planned to implement deep 
drilling in the southwest area of the Tarim Basin in 2021-2022 to confirm the development 
characteristics of the stratum. 

 
6. Conclusions 

 

In this paper, by combining non-seismic data and drilling data with the interpretation of results 
from the newly processed two-dimensional long seismic sections of the Tarim Basin, we analyzed 
the distribution features of Sinian-Nanhua rifts in this basin and their controlling effects on 
hydrocarbon accumulation. 

(1) Before the deposition of the Nanhua System, the base of the Tarim Basin had pieced 
together, and the Nanhua-Sinian strata are the first set of sedimentary formations above the base of 
the Tarim Basin. During the Nanhua-Sinian Periods, the Tarim Basin developed rifts and was part 
of the Rodinia supercontinent split. The rifting event lasted into the Early Sinian Period. The strata 
deposited during the rifting event include basic volcanic rock, deep-water mudstone, and 
shallow-water alluvial deltaic facies. The Upper Sinian dolomite represents the end of the rifting 
event, after which this basin turned to depression stage. This depression background might last to 
the depositional period of the Ordovician.  

(2) Three major depocenters developed inside this basin during the Nanhua-Sinian rift stage. 
These depocenters were distributed in the Tadong depression, the Awati depression, and the 
Taxinian depression. The middle aeromagnetic anomaly belt in the Tarim Basin is the result of 
igneous rock upwelling during the rift stage. Additionally, the rifts have significant controlling 
effects on the current tectonic framework of the Tarim Basin. The Awati depression, the Guman 
depression, and the Bachu Uplift had initially taken shape, and later tectonic movements inherited 
the tectonic boundaries formed during the rift stage.  

(3) Nanhua-Sinian rifts had great controlling effects on the distribution of the source rock in the 
Yuertus Formation in Lower Cambrian and the gypseous cap rock in Middle Cambrian. The 
boundaries of the rifts pinched out positions of the source rock, controlled the development of 
platform margin facies belt during later period, and later controlled the caprock distribution. These 
boundaries also restrict the scope of oil and gas exploration in the deep strata of the Tarim Basin. 
Based on this comprehensive analysis, we conclude that the Tazhong region is the most favorable 
zone, and the Bachu region is the optimal potential zone for exploring sub-salt oil and gas in deep 
Cambrian strata. 
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