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Abstract 
Deep oil and gas exploration is the key target of global petroleum research in the future. 
Cambrian dolomite strata in Tazhong-Bachu area are the main exploration strata of 
lower Paleozoic carbonate rocks. Although industrial oil and gas were drilled only in 
Zhongshen 1 well and Zhongshen 5 well, the Petrographic characteristics of the casting 
thin sections in the other wells revealed abundant bitumen exists in the Cambrian 
carbonate reservoir, which indicating the large-scale oil and gas migration process in 
geological history. In this study, we established a qualitative identification standard for 
bitumen of Cambrian carbonate reservoir in Tazhong-Bachu area based on conventional 
logging data and the petrographic studies of the casting thin sections. Bitumen is an 
associated product in the process of oil and gas formation. The effective identification of 
reservoir bitumen has become an important way to study the accumulation and 
migration of hydrocarbons in Cambrian carbonate reservoirs. 
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1. Introduction 

With the development of oil and gas exploration, the geochemical characteristics, genesis principle 
and logging identification of reservoir bitumen are becoming more and more important in oil and gas 
research. Logging identification of reservoir bitumen has always been a difficult problem in oil and 
gas exploration, and the current research mainly focuses on qualitative identification of clastic rock 
[1-5]. Overall speaking, the conventional logging qualitative identification standard of reservoir 
bituminous intervals summarized by previous scholars is that the natural gamma increases, the density 
decreases, and the resistivity increases. In addition, nuclear magnetic resonance logging is widely 
used to study bitumen in carbonate reservoirs [6-9]. Due to the early drilling completion time of 
Cambrian drilling in Tarim Basin and no NMR logging, however, this study can only use 
conventional logging data to identify the bituminous intervals of lower Cambrian carbonate reservoir 
in Tazhong-Bachu area. 

2. Regional Geological Background 

Tarim Basin, located in the northwest of China and the south of Xinjiang Uygur Autonomous Region, 
is rich in oil and gas resources [10-11]. It is an important large-scale oil and gas basin in China and 
can be divided into seven first-level structural units of "three uplift and four depressions"[12]. The 
Tazhong-Bachu area is located in the central and western part of the central uplift belt, extending 
roughly in the direction of NWW to NEE, with a total area of about 13.08×104km2[13] (FIG. 
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1).Tazhong Uplift is a inherited paleo-uplift, and Bachu uplift is a thrust anticlinal structural belt [14]. 
The Cambrian is almost developed in the whole basin, and can be divided from top to bottom: Lower 
Qiulitage Formation of Upper Cambrian, Awatage formation and Shayilike Formation of Middle 
Cambrian, Wusonger Formation, Xiaoerbulake Formation and Yuertusi Formation of Lower 
Cambrian [15-16]. In the study area, Wells Shutan 1, Tacan 1, Fang 1, Kang 2 and Chutan 1 of 
Cambrian are the main research objects. 

 

 
Fig. 1 Regional Location Map of Tazhong-Bachu Area in Tarim Basin 

3. Qualitative Identification of Reservoir Bitumen 

3.1 The petrographic study of the casting thin sections 

According to the petrographic observation of the casting thin sections, the core lithology of middle 
and Lower Cambrian in Tazhong-Bachu area is mainly dolomite with argillaceous dolomite and 
calcite dolomite, and the grain size is mainly micrite and fine grain. The presence of calcite and 
dolomite filling pores, fracture cutting sutures and epigenetic dolomite demonstrate multistage 
diagenesis. It is worth noting that although industrial oil and gas flows were only obtained from 
Zhongshen 1 and Zhongshen 5 Wells in the Tazhong-Bachu area, rich bitumen phenomenon was 
observed in the casting thin sections of the lower Cambrian in almost all wells, and hydrocarbons 
were enriched in pore walls or completely filled pores and fractures (FIG. 2). This also confirms the 
existence of petroleum flushing and escape processes in the geological history, which is an important 
oil and gas migration pathway. 
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Fig. 2 The casting thin sections of Cambrian in Tazhong-Bachu Area 

(A.Well Shutan 1; B. Well Chutan 1; C. Well Fang 1; D.Well Kang 2 ) 

3.2 Logging response characteristics of bituminous strata in carbonate reservoir 

Previous studies on conventional logging response characteristics of bituminous layer mainly focus 
on clastic rocks. Cong Lin [1] pointed out that with the increase of bitumen content in the reservoir, 
the conventional logging response characteristics with the neutron decreases and the natural gamma 
increase become more obvious. Chen Mingjiang [2] used Neutron-Density crossplot to determine 
bituminous reservoir layer, and established sand and mudstone skeleton line to distinguish bituminous 
strata from mud. Ge Xiang [3] proposed the qualitative identification standard of bituminous 
carbonate reservoir in the study of Y oilfield in the Middle East Area, that is, large natural gamma, 
low natural gamma without uranium and small logging porosity. 

The lower Paleozoic dolomite is characterized by deeply buried, drilled earlier, poorly understood 
and difficult to explore. More than 10 Wells have been drilled to Cambrian in Tarim Basin, including 
Shutan 1, He 4, Fang 1, Tong 1, Kang 2, Mabei 1, Batan 5 in Bachu area, Tacan 1, Zhongshen 1, 
Zhongshen 5, Chutan 1 in Tazhong area, Yulong 6 in Yulong structural belt of Tanggu Depression, 
and Luntan 1 in Tabei uplift, etc. Only Wells Shutan 1, Tacan 1, Fang 1, Kang 2 and Chutan 1 in the 
Tazhong-Bachu area have both the core casting thin sections and conventional logging data. 

There are four cores in the Xiaoerbulake Formation of the Lower Cambrian in Well Shutan 1, and the 
first two cores of 1883.21-1889.51m and 1915.00-1919.43 m are rich in bitumen (FIG. 2A). By 
comparing and analyzing the bituminous interval with the surrounding interval, it is found that the 
conventional logging response characteristics of the bituminous interval in Well Shutan 1 are as 
follows: the natural gamma does not change obviously, the density decreases, the neutron increases, 
and the resistivity increases (FiG. 3A). 

There are two cores in the Lower Cambrian Xiaoerbulake Formation of Well Chutan 1 at 7755-7757m 
and 7764-7772m, both of which have obvious bitumen display (FIG. 2B). The logging response of 
the bituminous layer is characterized by a relative increase in natural gamma , an increase in neutron , 
a decrease in density , and an increase in resistivity(FIG. 3B). 

In Well Kang 2, abundant bitumen was found in the casting thin sections of the Lower Cambrian at 
5493.3m (FIG. 2C). The response characteristics of the bituminous interval were that the natural 
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gamma increased in the low region, the neutron increased, the density decreased, and the resistivity 
increased (FIG. 3C). 

Well Shutan 1                 Well Chutan 1  

 
Well Kang 1                    Well Fang 1  

 
Fig. 3 Conventional logging curves of Cambrian bituminous layer in Wells Shutan 1, Chutan 1, 

Kang 2 and Fang 1 in Tazhong-Bachu area 

 

In Well Fang 1, bitumen was found in the casting thin sections of 4580.3- 4582.3m of the Lower 
Cambrian Xiaoerbulake Formation (FIG.2D). The logging response characteristics of the bitumen-
bearing strata were that the natural gamma increased, the neutron increased, the density decreased, 
and the resistivity did not change significantly (FIG.3D). 

Well Tacan 1 did not drill through Cambrian. By referring to the core description in the End of Well 
Report, it is found that black dry bitumen can be seen in the Cambrian core sections at 7116.5-
7124.8m and 7165.37-7167.60m of Well Tacan 1. The logging response of the bituminous layer is 
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characterized by a relative increase in the natural gamma, a decrease in density and a relative increase 
in resistivity. There is not neutron log data is available at this depth. 

Based on previous research and conventional logging response characteristics of the bituminous layer 
in Tazhong-Bachu area, we concluded the standard logging response characteristics of the Cambrian 
carbonate bituminous layer in Tazhong-Bachu area as follows: the relative increase of natural gamma 
in the low-value region, the increase of neutron, the decrease of density, and the increase of resistivity 
(Table 1). 

 
Table 1. Standard of Logging Characteristics of Cambrian Carbonate Bituminous Layer in Tazhong-Bachu Area  

   Logging 
Well 

GR DEN CNL RD RS 

Shutan 1 
No obvious 

change 
Decrease Increase Increase Increase 

Tacan 1 Increase Decrease Increase Increase Increase 

Fang 1 Increase Decrease Increase 
No obvious 

change 
No obvious 

change 

Kang 2 Increase Decrease 
No obvious 

change 
Increase Increase 

Chutan 1 Increase Decrease Increase Increase Increase 
Feng Weiming Increase Decrease Increase Increase Increase 

Ge Xiang Increase Decrease Decrease Increase Increase 
Cong Lin Increase / Decrease / / 

Criterion of 
identification 

Increase Decrease Increase Increase Increase 

 

The identification standard can be verified from the characteristics of downhole carbonate reservoir 
in the study area and geological knowledge. Lithological mutation is the main factor of the change of 
natural gamma. The natural gamma of carbonate rock is low, while the existence of organic matter 
will inevitably lead to the relative increase of natural gamma. Therefore, the characteristics of natural 
gamma of bituminous layer should be relatively high in the low value region. Through petrographic 
observation of the casting thin sections, it is found that bitumen is more likely to exist when the thin 
sections have higher porosity, that is, bitumen is more likely to exist in high-porosity zones with 
smaller density and larger neutron. In addition, the density of solid bitumen is generally greater than 
that of reservoir fluid but less than that of rock particles, which is also an important reason for the 
low density of bituminous layer. Bitumen and petroleum belong to hydrocarbons, and their resistivity 
logging response characteristics both increase, which is one of the reasons why bituminous layer is 
easily mistaken for oil and gas layer in logging interpretation. 

4. Conclusion 

(1) Petrographic study of the core casting thin section of the Cambrian in Tazhong-Bachu area reveals 
that the reservoir is rich in bitumen, indicating that large-scale oil and gas migration events occurred 
in geological history. 

(2) Combining previous research on conventional log response characteristics of bituminous layer 
and the petroleum geological data of five drilling wells of Cambrian carbonate reservoir, a qualitative 
identification standard for bituminous layer of Cambrian carbonate reservoir in the Tazhong-Bachu 
area can be established as follows: The relative increase of the natural gamma in the low value region, 
the decrease of the density, the increase of the neutron and the increase of the resistivity . 
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