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Abstract: In the hinterland of the Junggar Basin, there are multiple depressions with multiple sets 
of source rocks. Therefore, the conditions of hydrocarbon sources are complex, and the geochemical 
characteristics and sources of hydrocarbon vary in different structural belts. The evolution of the Che-
Mo palaeohigh affected the formation of hydrocarbon source kitchens and hydrocarbon migration. We 
studied the combination and superimposition of hydrocarbon source kitchens, using as an example the 
hinterland of the Junggar Basin (including the Yongjin, Zhengshacun, Moxizhuang and Luliang uplift 
areas). The study was based on geochemical analyses of crude oil and fl uid inclusions, and the histories 
of tectonic evolution and hydrocarbon generation. The results indicated that before the Paleogene there 
were two hydrocarbon-generating depressions: the Western Well Pen1 depression and the Changji 
depression on the south and north sides of the Che-Mo palaeohigh, respectively. The Permian source 
kitchen had been generating hydrocarbon continuously since Triassic and reached high maturity stage in 
the Cretaceous period. After Paleogene, the adjustment of the Che-Mo palaeohigh led to the subsidence 
of the Changji depression and the Jurassic source rocks reached mature stage and became the main 
source kitchens. However, the Jurassic source rocks in the Western Well Pen1 depression were still in 
a low maturity stage and did not generate oil because of the adjustment of tectonic movements. As a 
result, in the central and southern parts of the Junggar Basin, Jurassic source rocks generated oil, but in 
the Luliang uplift, the crude oil was from the Permian source rocks in the Western Well Pen1 depression 
and the Jurassic source rocks did not contribute. The crude oil in the central Zhengshacun-Moxizhuang 
belt was from the Permian source rocks in two depressions, and partially from the Jurassic source rocks. 
The crude oil in the Luliang uplift was from the source rocks of the lower Permian Fengcheng Formation 
and middle Permian Wuerhe Formation, which is characterized by superimposition of two sets of source 
kitchens and three accumulation stages. The crude oil in the Yongjin tectonic belt was from the lower 
Permian, middle Permian and Jurassic source rocks, which is characterized by superimposition of three 
sets of source kitchens and two accumulation stages. The crude oil in the Zhengshacun tectonic belt 
was from a combination of source kitchens of lower Permian and middle Permian in the Western Well 
Pen1 depression in the early stage and from the superimposition of Jurassic source rocks in the Changji 
depression in the late stage.

Key words: Hinterland of the Junggar Basin, hydrocarbon source kitchen, oil source, combination and 
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1 Introduction
Oilfields are widely distributed in the northwestern 

margin, hinterland, eastern part and southern margin of the 
Junggar Basin, west China. In the hinterland, many uplifts 

have developed including the Luliang, Maqiao, Mobei and 
Dabasong uplifts and the Che-Mo paleo-uplift. Currently, 
commercial oil has been discovered in the Madong, Xiayan, 
Shinan, Shixi, Lunan oilfields and Maqiao uplift. Some oil 
layers have also been discovered in the Jurassic Badaowan 
and Sangonghe formations in the Moxizhuang, Shawodi 
and Zhengshacun areas of the hinterland, and in the Jurassic 
Xishanyao, Sangonghe, Badaowan formations and Cretaceous 
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the Shixi and Shinan sags, and drape anticline, reverse drag 
anticline, fault block, fault nose and structural-lithological 
traps all occur. These traps are mainly controlled by the 
paleo-tectonic framework, and were gradually formed due 
to continuous development and long-term evolution of the 
paleo-uplifts. The Mobei uplift, adjacent to the Luliang uplift 
on the north, to the Maqiao uplift on the south, to the northern 
Dongdaohaizi depression on the east, and to the Western Well 
Pen1 depression on the west, is a “nose” uplift dipping to 
southwest between the well Shixi-1 fracture and the Mobei 
No.1 fracture, and the main reservoir types are structural 
and lithological reservoirs. The source rocks in different 
depressions or in different layers of the same depression did 
not generate oil at the same time, which led to multi-source 
and multi-stage hydrocarbon supply in the study area (Qiu et 
al, 2001). Moreover, four movements including Hercynian, 
Indo-China, Yanshan and Himalayan occurred in this area, 
which led to multi-stage hydrocarbon accumulation (Kuang 
et al, 2001).

The formation and distribution of the reservoirs are 
significantly controlled by the evolution of the Che-Mo 
palaeohigh (Cai and Liu, 2005). In the late period of the 
middle Jurassic, there was a large low uplift across the 
whole hinterland of the Junggar Basin along the Cheguai-
Mosuowan-Lunan belt. This is called the Che-Mo palaeohigh 
and it splits the Junggar Basin into southern and northern 
subsidence zones. The northern subsidence zone is in the 
Wulungu depression, and the southern subsidence zone is in 
the Changji-Wucaiwan depression. As shown in Fig. 2, the 
Che-Mo palaeohigh was initially formed in the early Jurassic 
Sangonghe Formation and the Moxizhuang-Shawodi and 
Yongjin structures occurred to the south and north of the Che-
Mo palaeohigh, respectively. During the middle-late Jurassic, 
influenced by the Yanshan tectonic movement, the Che-
Mo palaeohigh began to uplift intensely, and the structural 
high position was near the Zhengshacun area. Before the 
deposition of the early Cretaceous to Miocene Shawan 
Formation, the Che-Mo palaeohigh was buried, and still had 
an anticline pattern trending east-west, but the structural high 
position changed. In the deposition period of the Shawan 
Formation of Miocene, because of the rapid subsidence of the 
southern area, the structural high position of the palaeohigh 
continued migrating gradually to the north. At the end of the 
deposition of the Shawan Formation, it migrated to the well 
Zhuang1 around again and the local structural high position 
in the south began to disappear. During the deposition of 
the Miocene Taxihe Formation, the southern part subsided 
more intensely, but the northern part of the palaeohigh 
further uplifted. So, the present tectonic framework of 
“south dipping and north uplifting” was formed and the 
Che-Mo palaeohigh finally disappeared. The formation and 
location of the Che-Mo palaeohigh not only control the local 
structural characteristics in the study area, but also restrict the 
evolution of source rocks and the migration, accumulation 
and adjustment of hydrocarbon in depressions, which lead to 
complex oil sources and hydrocarbon distribution.

3 Source conditions in the hinterland of the 
Junggar Basin

There are two hydrocarbon-generating depressions in the 

hinterland of the Junggar Basin, which are Western Well Pen1 
in the north and Shawan in the south with effective Jurassic 
and Cretaceous source rocks.

3.1 Geochemical characteristics of source rocks in 
the Western Well Pen1 depression and its adjacent 
regions 

The Western Well Pen1 depression contains Cretaceous, 
Jurassic, Triassic and Permian strata, and the basement is 
Carboniferous. Two sets of source rocks were developed 
in the Jurassic and Permian strata. The organic matter 
abundance of dark mudstones of the Jurassic Sangonghe 
Formation is medium and that of the Badaowan Formation is 
relatively high, both with the organic matter mainly of type 
II2-III and partly II1. The organic macerals of source rocks 
of the Sangonghe Formation are mainly vitrinite, and the 
content of exinite and amorphous organic matter is generally 
low. The content of exinite and mineral-bituminous matrix 
of the Badaowan Formation mudstones is high. The Ro ratio 
of the Jurassic source rock is 0.53%-0.79%, which is in the 
low and critically mature stage. Due to the deep burial of 
Carboniferous strata, they have not been drilled. According to 
the sedimentary and seismic facies in the Western Well Pen1 
depression, the TOC content of the lower Permian source 
rock is 3.5%, and that of the middle Permian is 3.0%, which 
can both reach the good source rock standard with the organic 
matter of type I and II1.

3.2 Geochemical characteristics of the source rocks 
in the western Changji depression 

The strata were completely developed in the Changji 
depression. From top to bottom, the strata are Paleogene, 
Cretaceous, Jurassic, Triassic and Permian, and the 
Carboniferous strata were locally developed. The source rock 
is mainly in the Cretaceous, Jurassic and Permian strata. 

Based on outcrop analysis, the Permian mudstone is well 
developed, and oil shale is common. Because of its deep 
burial in the study area, the Permian mudstone has not been 
drilled. The TOC content of the Jurassic dark mudstones 
ranges from 0.13% to 5.84%, and the average value is 
0.92%. The content of chloroform bitumen ranges from 
0.0023% to 0.4888%, and the average value is 0.0350%. 
The “S1+S2” value ranges from 0.02 to 24.82 mg/g, and the 
average value is 1.35 mg/g. The organic matter abundance 
of the source rocks of the Badaowan Formation is higher 
than that of the Sangonghe Formation, with the kerogen 
mainly of type III and II2 and partly of II1. The Jurassic 
source rock is at the mature stage. Using the outcrop samples 
in the eastern Fukang depression and sedimentary facies 
data, the geochemical characteristics of Permian mudstones 
in the Yaomoshan, Hongyanchi and Dalongkou areas in 
the southern margin of the Junggar Basin were analyzed 
(Fig. 3). Dark grey and dark mudstones were deposited in 
Permian, and high quality oil shale is locally developed with 
high hydrocarbon-generating potential. The Lucaogou and 
Hongyanchi formations in the middle Permian also have high 
hydrocarbon-generating potential. However, the Guodikeng, 
Wutonggou and Quanzijie formations in the upper Permian 
have lower hydrocarbon-generating potential, making poor 

Pet.Sci.(2010)7:59-72



62

0

2

4

6

8

0

2

4

6

8

0

2

4

6

8

0

2

4

6

8

0

2

4

6

a (0Ma)

b (65Ma)

c (145.6Ma)

d (178Ma)

e (194.5Ma)

f (208Ma)

g (245Ma)

Well Zhuang107 Yew5 Yew4 Yew2

0

2

4

6

8

10

12

14

0

2

4

6

8

10

12

P2

P1 Unconformity boundary

0 10 20 30km

N+Q Quaternary+
Neogene

E Paleogene

K2 Upper Cretaceous

K1
J2t

Middle Jurassic Toutunhe
Formation

J2x

J1s

J1b

T

N

J1b
T

P2

P1

J1s

K2
K1

E
N+Q

J2x

T

K2

K1

AT

Middle Jurassic Xishanyao
Formation

Lower Jurassic Sangonghe
Formation

Triassic

Upper Permian 

Lower Permian 

Lower Cretaceous

Lower Jurassic Badaowan
Formation

D
ep

th
, k

m
D

ep
th

, k
m

D
ep

th
, k

m
D

ep
th

, k
m

D
ep

th
, k

m
D

ep
th

, k
m

D
ep

th
, k

m
J2x

J2x
J1sJ1b

P2

P1

J2x

AT

J2x

T

J1s
J1b

P2

P1

J2x

AT

AT

AT

AT

AT

T

J1s
J1b

P2

P1

J1b
T

P2

P1

T

P2

P1

Fig. 2 Tectonic evolution of the Che-Mo palaeohigh (from the internal report on “tectonic evolution, reservoirs, 
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source rocks. From the distribution characteristics of organic 
matter, the mudstones of the Permian Lucaogou Formation 
reach the standard of high quality source rock, and part of the 
Hongyanchi Formation mudstone also reaches the standard of 
better source rock. The organic matter in the dark mudstone 
of the Permian Lucaogou Formation is mainly of type I 
and II, and the organic matter is almost entirely composed 
of sapropel. The kerogen of the Hongyanchi Formation is 
mainly of type II2 and III, and the organic macerals are mainly 
sapropel and vitrinite.

The Junggar Basin was influenced by the large-scale 
faulting as well as intense and frequent volcanic activities in 
the early Permian (Hao et al, 2004). As a result, the coarse 
clastic rocks and volcanic rocks are mainly developed in 
the basin with the littoral sedimentary facies in the south. 
In the late period, the structures became stable and fine 
grained clastic rocks interbedded with carbonate rocks were 
deposited in deep water. In the south of the basin, there were 
mainly lagoon-marine facies deposits, and a set of favorable 
source rocks was formed in the west of the depression. In 
the Fengcheng Formation period of early Permian, due to 
transgression, two hydrocarbon-generating centers were 
formed in the east and west of the Changji Depression, 
respectively. Their source rocks are thicker than the Jiamuhe 
Formation source rock. The western hydrocarbon-generating 
center is to the north of the Kuitun-Shawan area and the 
eastern center is close to the Fukang area. In the early period 

of the middle Permian, the Junggar Basin was again affected 
by intense tectonic activities. The sea water withdrew from 
the basin to form a continental sedimentary basin with large 
differences in terrain. Coarse clastic rocks were generally 
developed. The south of the basin was relatively low, and 
mainly fluvial-lakeshore facies were deposited. In the late 
period, the structures became stable. The fi ne grained clastic 
rocks interbedded with carbonate rocks were deposited in 
deep water. In the south of the basin, the semi-deep lake 
facies deposition was developed, and a set of favorable source 
rocks was also formed.

As a whole, in the Permian period, the basin was in a 
process of marine regression, from the southern margin to the 
Changji depression. During the early and middle Permian, 
the water became deeper and the sedimentary facies changed 
from lagoon facies to sea facies. The depression was always 
in a deep water environment. So we infer that the source 
rocks of lower Permian Jiamuhe Formation and Fengcheng 
Formation and middle Permian Wuerhe Formation are better 
than the Permian mudstones.

3.3 Distribution characteristics of source rocks in the 
hinterland of the Junggar Basin 

The thickness of the potential source rocks can be 
estimated based on the drilling data in the hinterland of the 
Junggar Basin, tectonic interpretation of seismic data and 
sedimentary facies data. As shown in Fig. 4, the thickness 
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Fig. 3 Abundance of organic matter of the Permian source rocks in the southern margin of the Junggar Basin
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of the potential source rocks of the middle Permian in the 
Western Well Pen1 depression is usually more than 200 
m, and the maximum value is 500 m. The thickness of the 
potential source rocks of the middle Permian in the west of 
the Changji depression is more than 700 m. In the Western 
Well Pen1 depression, the west of the Changji depression 
and the south of the Changji-Urumchi area, the potential 
source rocks of the lower Permian are thick, up to 500 m. 
The potential source rocks of Jurassic Badaowan Formation 
in the Western Well Pen1 and Changji depressions are 
relatively thick, about 200 m, and the maximum thickness in 
the Changji depression is 250 m. The source rocks of Jurassic 
Xishanyao Formation are poorly developed in the hinterland 
of the basin, about 50 m thick. In some areas, they can reach 
100 m.

3.4 Evolution characteristics of source rocks in the 
hinterland of the Junggar Basin

Previous research showed that in the early Paleozoic, the 
Junggar Basin was a typical “hot basin”. Before the end of 
the Triassic, the paleo-geothermal gradient was mainly above 
35 °C/km, and it decreased after Cretaceous. Thus, the basin 
became a typical “cold basin” (Pan et al, 1989; Zhou et al, 
1989; Liu and Zhang, 1992; Wang et al, 2000). Pan et al (1997) 
studied the thermal history of 13 wells in the Junggar Basin. 
The results showed that the paleo-geothermal gradient was 
high from the Carboniferous to the Permian, and decreased 
gradually from the Triassic to the Jurassic. It decreased 
from 75 °C/km in the Carboniferous to 32 °C/km in the late 
Jurassic. The paleo-geothermal gradient continued to decrease 
after Cretaceous. In the early Cretaceous, it was 32 °C/km 
and decreased to present 20 °C/km. Qiu et al (2000; 2002; 

2008) obtained the average values by analyzing the data of 60 
wells in the Junggar Basin. The paleo-geothermal gradient in 
the Carboniferous was 43.3 °C/km, and decreased to 36.3 °C/
km in the Permian. At the end of Triassic, it was 33.8 °C/km, 
and was 28.4 °C/km and 22.8 °C/km at the end of Jurassic 
and Cretaceous, respectively. The geothermal gradient was 
22.8 °C/km at the end of Tertiary, similar to the present value. 
In addition, the geothermal gradient is different in different 
areas. For example, from 0 to 4,000 m, the geothermal 
gradient in the east of the basin is 32 °C/km, which is the 
highest. It is 28 °C/km in the Luliang uplift area, while it is 
below 20 °C/km in the south of the basin.
3.4.1 Evolution characteristics of Permian source rocks

The lower Permian source rocks in the Western Well 
Pen1 depression entered the threshold of oil generation in the 
early stage of the late Permian, and reached the oil generation 
peak in the late stage of the late Permian. The bottom of the 
middle-upper Permian source rocks entered the oil generation 
threshold in the middle stage of the late Permian, and reached 
the oil generation peak in the early stage of Triassic, and 
then entered the gas-generating stage in the late Triassic 
period. The bottom of lower Permian source rocks in the 
Shawan depression entered the oil generation threshold 
in the late Permian, reached the oil generation peak in the 
early stage of Triassic, and entered the gas-generating stage 
in the late Triassic (T3b) period. The top of lower Permian 
source rocks entered the threshold of oil generation in the 
late stage of Permian, and reached the oil generation peak in 
late Triassic, and then entered the gas-generating stage in the 
early Jurassic period. In the late stage of Triassic, the lower 
Permian source rocks in southern basin were in the highly 
or over mature stage and the top of middle Permian source 
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rocks were in the immature stage. In the late Jurassic, lower 
Permian source rocks entered the mature stage completely, 
and in most areas, they were in highly or over mature stage, 
such as in the Changji and Western Well Pen1 depressions. 
The middle Permian source rocks almost completely entered 
the mature stage, and in the Changji and Western Well Pen1 
depressions they entered the highly or over mature stage. 

In the late Jurassic period, the lower Permian source rocks 
mostly entered the highly or over mature stage, and began 
to generate gas. The middle Permian source rocks in the 
Changji depression entered the highly or over mature stage. 
At present, all Permian source rocks in the whole basin are 
mature, and the generation depressions are at a highly or over 
mature stage (Fig. 5).
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Fig. 5 Thermal evolution of Permian source rocks in the hinterland of the Junggar Basin

3.4.2 Evolution characteristics of Jurassic source rocks
The Jurassic source rocks of the Badaowan Formation in 

the Changji and Western Well Pen1 depressions entered the 
mature or over mature stage in the late Cretaceous. In the 
center of the Changji depression they entered the over mature 
stage, and mainly generated gas, while the source rocks in the 
Western Well Pen1 depression were still in the oil generation 
stage (Ro=0.8%-1.3%). Except in the center of the Changji 
depression, the Jurassic Sangonghe Formation source rocks 
were mostly at an immature stage in the late Cretaceous. At 
present, the Sangonghe Formation source rocks are in the 
mature stage, and in the center of the Changji depression they 
are over mature. The Jurassic Xishanyao Formation source 
rocks were at the immature stage in the late Cretaceous. At 
present, in the center of the Changji depression they are at a 
highly mature stage and in the Western Well Pen1 depression 
they are still immature (Fig. 6).

4 Geochemical characteristics and origin of 
crude oil in the hinterland of the Junggar 
Basin

Commercial oil flows or shows have been found in the 

Jurassic and Cretaceous strata in the Moxizhuang, Shawodi 
and Zhengshacun oil-bearing tectonic belts to the west of the 
Mosuowan uplift, central Junggar Basin. Because the Western 
Well Pen1 and Changji depressions are located on the two 
sides of the tectonic belts, hydrocarbon sources are adequate, 
and accumulation conditions are favorable. The crude oil 
samples were from the lower Jurassic Sangonghe Formation 
of Well Zhuang1, Zhuang101, Zhuang102 and Zhuang103 
in the Moxizhuang tectonic belt, Well Sha1 in the Shawodi 
tectonic belt, and Well Zheng1 in the Zhengshacun tectonic 
belt. Geochemical analysis of the samples indicates that the 
crude oil of the Jurassic in the three tectonic belts can be 
divided into two types (Table 1). The fi rst type is distributed 
in the lower Jurassic Sangonghe Formation in the Shawodi 
and Moxizhuang tectonic belts, while the second type is 
distributed in the lower Jurassic Sangonghe Formation in the 
Zhengshacun tectonic belt. There are obvious differences 
in geochemical characteristics between the first type crude 
oil and lower-middle Jurassic coal source rocks as well as 
the source rocks of the Permian Lucaogou Formation in the 
southern margin of Yaomoshan section. For example, the 
source rock of the Lucaogou Formation has a low content of 
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gammacerane and β-carotane and low homohopane index, 
which is always less than 0.04, while the average value 
in crude oil is more than 0.08. The first type crude oil is 
similar to the Fengcheng Formation source rock. Both of 
them have a high content of gammacerane and β-carotane, 
and the content of Ts is less than that of Tm. The content 
of C20, C21, C23-tricyclic terpanes increases gradually, and 
the homohopane index is high. The Pr/Ph value of crude 
oil is higher than 1, mostly from 1.1 to 1.3, while that of 
the Fengcheng Formation source rock is lower than 1. It is 
inferred that the fi rst type crude oil is mainly from the lower 
Permian Fengcheng Formation and middle Permian lower 

Wuerhe Formation in the Western Well Pen1 depression. The 
geochemical characteristics of the second type crude oil are 
different from those of the Wuerhe Formation source rock. 
Although this type of oil has gammacerane and β-carotane, 
their contents are low. The content of C20, C21, C23-tricyclic 
terpanes appears in the shape of a peak, and it is comparable 
to the Lucaogou Formation source rock in the Yaomoshan 
section. The content of dibenzofuran is high, and that of 
fluorene and dibenzothiophene is low. These characteristics 
are different from those of the first type crude oil. It is 
inferred that this type of crude oil is from the middle Permian 
Lucaogou Formation in the Changji depression, or maybe 
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Fig. 6 Thermal evolution of the Jurassic source rocks in the hinterland of the Junggar Basin

Tectonic belt Crude oil
 type Normal alkane Isoparaffi n Terpane Sterane

Moxizhuang,
 Shawodi

 and
 Zhengshacun

Type one
single peak,

 predominated by
 prepeak, low carbon

Pr/Ph value varies
 from 1.1 to 1.3, high
content of β-carotene 

high gammacerane content, Ts<Tm,
 rising pattern of C20, C21, C23-tricyclic

 terpanes, high homohopane index

high content of pregnane and
 homopregnane, rising pattern of C27, C28,

 C29-regular sterane, high ββ-sterane
 content, especially C28-steraneββ

Type two

double peak,
 predominated 
by postpeak,
contain C35+

Pr/Ph＞ 2.0, low
 β-carotene content

high tricyclic diterpene content, peak
 pattern of C20, C21, C23-tricyclic terpanes,

 high abundance of C29-norhopane, 
high gammacerane and Ts content

high content  of pregnane and
 homopregnane, rising pattern of C27, C28,

 C29-regular sterane, high content of 
ββ-sterane, especially C28-steraneββ

Yongjin 

Type one
single peak,

 predominated by
 prepeak, low carbon

Pr/Ph value varies 
from 0.67 to 1.07,
 high β-carotene 

content

high abundance of C29-norhopane,  peak 
or stepped rising pattern of C20, C21, 
C23-tricyclic terpanes, gammacerane

 value varies from 0.53 to 0.77, 
high abundance of Ts

high pregnane and homopregnane content,
 rising pattern of C27, 

C28, C29-regular sterane 

Type two
single peak,

 predominated by
 prepeak, low carbon

Pr/Ph value varies
 from 1.28 to 2.01,

 low-high β-carotene
content

high abundance of C20, C21, C23-tricyclic
 terpanes with peak pattern, 

high abundance of gammacerane and Ts

high pregnane and homopregnane content,
rising pattern of C27, C28, C29-regular sterane

Type three
single peak,

 predominated by
 prepeak, low carbon

Pr/Ph value varies
 from 2.25 to 2.33,

no β-carotene 

low abundance of C20, C21, C23-tricyclic
 terpanes with declining pattern, 

almost no gammacerane

rising pattern of C27, C28, C29-regular
 sterane, C29-sterane ααα20R predominant, 

low abundance of C27-sterane ααα20R 

Luliang uplift

Type one low carbon 
low Pr/Ph value

 and high β-carotene
content

high abundance of C29-norhopane, 
peak or rising pattern of C20, C21, 

C23-tricyclic terpanes, gammacerane
 content varies greatly, low content of Ts

high pregnane and homopregnane content, 
“V” pattern of C27, C28, C29-regular sterane

Type two low carbon 
moderate Pr/Ph

 value and β-carotene
content

low content of gammacerane, peak or 
declining pattern of C20, C21, C23-tricyclic 

terpanes

rising pattern and partially “V” pattern of 
C27, C28, C29-regular sterane 

Table 1 Geochemical characteristics of different types of crude oil in different tectonic belts in the hinterland of the Junggar Basin 
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from the Jurassic source rock.
The Yongjin oilfield is located in the south of the Che-

Mo palaeohigh, and hydrocarbons are mainly distributed 
in the Jurassic and Cretaceous Tugulu Group. Drilling has 
just reached the Jurassic Xishanyao Formation, some of 
the Triassic, but has not reached the Permian. The Changji 
depression is in the south of the Yongjin oilfield, and has 
adequate oil sources. Based on the geochemical analysis 
of the crude oil samples from the Jurassic Xishanyao, 
Sangonghe and Badaowan formations in Well Yong1, Jurassic 
Xishanyao Formation in Well Yong2, Jurassic Xishanyao and 
Sangonghe formations in Well Yong3, Cretaceous Tugulu 
Group and Jurassic Xishanyao Formation in Well Yong6, and 
Cretaceous Tugulu Group in Well Yong9, the crude oil of the 
Yongjin oilfield can be divided into three types (Table 1). 
The fi rst type is distributed in the Cretaceous Tugulu Group 
in Well Yong6 and Yong9, the second type is distributed in 
the Xishanyao and Sangonghe formations in Well Yong1 and 
Yong3, and the upper Xishanyao Formation in Well Yong2, 
and the third type is mainly distributed in the Jurassic lower 
Xishanyao Formation in Well Yong6 and Yong2. Oil source 
analysis shows that the geochemical characteristics of the fi rst 
type crude oil are similar to those of the oil in Well Zheng1, 
but there still are differences. For example, for this type of 
crude oil, the Pr/Ph value is relatively low, the content of 
gammacerane is high, and the content of C29ββ20S-sterane 
is relatively high. This kind of crude oil is different from the 
extracts from the Triassic, Jurassic and Cretaceous source 
rocks. The sterane and terpane biomarker compositions of 
the second type crude oil are similar to those of the crude 
oil in Well Zheng1 and the Permian Lucaogou Formation 
source rocks. However, the Pr/Ph value is higher than that 
of the oil in Well Zheng1 and that of some samples (such 
as the crude oil of the Xishanyao Formation in Well Yong2) 
is more than 2, which shows the characteristics of Jurassic 
coal source rocks. This type of crude oil generally has 25-C29 
norhopane, which indicates that there is biodegradation. From 
the total ion chromatogram, the n-alkanes are distributed 
completely, so it is inferred that there are two stages of 
fi lling. The early crude oil with slight biodegradation is from 
the Permian source rocks. The n-alkanes are biodegraded, 
while the steranes and terpanes with strong bioresistance are 
distributed completely. Because of being mixed with the later 
crude oil from the Jurassic source rocks, the distribution of 
n-alkanes of the present crude oil shows the characteristics of 
Jurassic, but the sterane and terpane biomarkers still show the 
characteristics of Permian. The third type crude oil is coal-
formed oil. The distribution of n-alkanes is characterized by 
a single peak, and the Pr/Ph value is more than 2. This type 
of oil contains very little gammacerane and β-carotane. The 
content of ααα20RC27, C28, C29 steranes appears in the shape 
of an opposite “L”, that of ααα20RC29 is high, and that of 
ααα20RC27 is low. These characteristics are comparable with 
the Jurassic coal source rocks.

There are two types of crude oil in the Luliang area 
(Wang et al, 2001). The fi rst type of oil is distributed in the 
Cretaceous Tugulu Group and Jurassic Toutunhe Group. The 
second type crude oil is mainly distributed in the Jurassic 
Xishanyao and Sangonghe formations. The crude oil in the 

Luliang area (including Shixi, Shinan and Well Lu9 areas 
in the east of Sangequan uplift) is from the source rocks of 
the Wuerhe and Fengcheng formations in the Western Well 
Pen1 depression (Wu et al, 2001; 2004). Chen et al (2003) 
think that the crude oil in the Luliang area is probably from 
the Mahu and Western Well Pen1 depressions, and the oil 
migration pathways in the Western Well Pen1 depression 
were deep uncomformity surfaces and reverse fractures, 
middle normal faults and shallow sand bodies in a successive 
slope. So the oil accumulation conditions are better than those 
in the Mahu depression. Wang and Kang (1999) think that the 
crude oil in the Shixi oilfi eld is from the Wuerhe Formation in 
the Western Well Pen1 depression and Zhang et al (2000) also 
think that the source rocks in the Shixi and Shinan oilfi elds 
are probably in the Wuerhe Formation in the Western Well 
Pen1 depression.

5 Transformation of source kitchens in the 
hinterland of the Junggar Basin
5.1 Hydrocarbon accumulation stages in northern 
tectonic belts of Che-Mo palaeohigh 

According to the burial and thermal histories of 
Jurassic strata in Well Zhuang1, Sha1 and Zheng1, and 
the homogenization temperature data of fluid inclusions, 
we obtained the following conclusions. The accumulation 
stage of the Jurassic Sangonghe Formation reservoir in the 
Moxizhuang structure was from the late period of the early 
Cretaceous to the middle Paleogene; that of the Jurassic 
reservoir in Well Sha1 of Shawodi area was from the late 
Cretaceous to the late Paleogene; that of the Jurassic reservoir 
in Well Zheng1 in the Zhengshacun structure was from the 
Paleogene to present (Fig. 7). According to Liao et al (2003), 
the reservoir of the Xishanyao Formation in the Luliang 
oilfi eld was a secondary reservoir which was formed through 
the secondary migration and accumulation from reservoirs 
elsewhere. The accumulation time was from early Cretaceous 
to Tertiary. The Cretaceous oil reservoirs were the results 
of secondary migration and accumulation of two-period 
reservoirs in other places, and the accumulation period was 
Tertiary.

5.2 Hydrocarbon generation and expulsion history of 
source rocks, tectonic evolution and their control on 
oil accumulation 

The simulation results of source rock evolution history 
showed that the source rocks in the lower Permian Fengcheng 
Formation and middle-upper Permian in the Western Well 
Pen1 depression reached the highly or over mature stage 
before the formation of the Che-Mo palaeohigh and the 
adjustment in the Neogene period. The middle-upper Permian 
source rocks reached the hydrocarbon generation stage, 
but the Badaowan Formation source rocks did not generate 
hydrocarbon. The lower Permian source rocks in the western 
Changji depression were in a highly or over mature stage and 
the middle Permian source rocks at the top of lower Wuerhe 
Formation were at the peak of hydrocarbon generation. 
The source rocks of the Badaowan Formation reached the 
main hydrocarbon-generating stage in the middle and late 
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of this period, which was also the accumulation stage of 
the Sangonghe Formation reservoirs in Well Zhuang1 and 
Sha1. The oil was from the middle Permian source rocks 
in the Western Well Pen1 depression. At this time, the Well 
Zheng1 area was at the top of the structure, but the analysis 
of the fl uid inclusions showed that there was not a great deal 
of oil and gas in the Sangonghe Formation. The crude oil of 
the Xishanyao and Sangonghe formations in Well Yong1, 
of the upper Xishanyao Formation in Well Yong2 and of 
the Cretaceous Tugulu Group in Well Yong6 was from the 
Permian Lucaogou Formation source rocks in the Changji 
depression. The oil layers in the Well Zheng1 and Yong1 areas 
are shallow, thus the crude oil was biodegraded to different 
degrees in different areas. Compared with Well Yong6 and 
Yong2, Well Yong1 was in the high position of the structure 
with a relatively lower depth. The crude oil of the Sangonghe 

and Toutunhe formations was also biodegraded, especially the 
Toutunhe Formation oil, which had a high relative abundance 
of C25-norhopane, close to the abundance of C30-hopane. The 
crude oil of the Sangonghe Formation was buried deeply, but 
still had a high abundance of C25-norhopane. The Cretaceous 
crude oil in Well Yong6 suffered only slight biodegradation 
and had a lower abundance of C25-norhopane. The crude oil 
of the Xishanyao Formation in Well Yong2 also had a low 
abundance of C25-norhopane.

During the Neogene, the Che-Mo palaeohigh disappeared 
and the tectonic pattern with slope in the south and uplift 
in the north began to form, which can only accumulate 
oil and gas from the south of the Changji depression. The 
middle Permian Wuerhe Formation source rock was in the 
gas generation stage, and the Jurassic source rock was at the 
peak of hydrocarbon generation. In the study region, oil and 
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Fig. 7 Buried history and accumulation stages of the Jurassic reservoirs in the hinterland of the Junggar Basin
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gas originated from the Jurassic source rocks in the Changji 
depression. For example, firstly the crude oil migrated and 
accumulated in the Xishanyao Formation of Well Yong6 and 
lower Xishanyao Formation of Well Yong2. Next it migrated 
into the Xishanyao Formation in Well Yong2, Sangonghe and 
Xishanyao formations in Well Yong1. At last it mixed with 
the crude oil generated by the Permian source rocks earlier. 
Because of the tectonic movements, the crude oil from 
Permian and Jurassic source rocks continued to migrate to the 
north and then accumulated in the Sangonghe Formation in 
Well Zheng1. After that, it migrated into the reservoirs from 
the Fengcheng Formation source rock in Well Zhuang1 and 
Sha1. The Jurassic oil layers at the stage were deeply buried 
and the microbial activity was weak, so the crude oil was not 
biodegraded. 

The evolution of the Che-Mo palaeohigh and hydrocarbon 
generation history of the Changji and Western Well Pen1 
depressions control the hydrocarbon sources of reservoirs in 
the study region (Fig. 8). Before the adjustment of the Che-
Mo palaeohigh, from Cretaceous to Paleogene, the crude 
oil in the Zhengshacun, Shawodi, Moxizhuang and Yongjin 
oilfields was mainly from the Permian source rocks in two 
depressions mentioned above. The crude oil in the Luliang 

palaeouplift and Mosuowan area was from the middle 
Permian Wuerhe Formation and lower Permian Fengcheng 
Formation source rocks in the Western Well Pen1 depression. 
At the end of Paleogene, the palaeohigh began to dip to south. 
The crude oil in the Zhengshacun, Shawodi, Moxizhuang 
and Yongjin oilfields was from the Jurassic source rocks in 
the Changji depression. At the same time, the crude oil of the 
existing reservoirs adjusted to the Well Zheng1. The Jurassic 
source rocks in the Western Well Pen1 depression were of a 
lower maturity, and had a small distribution range. The middle 
Permian source rocks began to generate gas. Only a little gas 
accumulated in the Luliang palaeouplift and Mosuowan area, 
and the hydrocarbon generation in lower Permian stopped.

5 . 3  C o m b i n a t i o n  a n d  s u p e r i m p o s i t i o n  o f 
hydrocarbon source kitchens in the hinterland of the 
Junggar Basin

The reservoirs in the hinterland of the Junggar Basin are 
characterized by multiple sources and multiple accumulation 
stages. The Permian source rocks are mainly in the lower 
Permian Fengcheng Formation and middle Permian Wuerhe 
Formation. The crude oil in the Luliang and Mosuowan 
areas is from the middle Permian Wuerhe Formation source 
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6 Conclusions
1) The hydrocarbon sources are suffi cient in the hinterland 

of the Junggar Basin. The Permian and Jurassic source rocks 
are well developed in the Changji and Western Well Pen1 
depressions. The thickness of the lower-middle Permian 
source rocks reaches 800 m and that of the Jurassic Badaowan 
Formation about 300 m. The abundance and type of organic 
matter and maturity of the source rocks reach the high quality 
standard.

2) In the hinterland of the Junggar Basin, the oil sources 
are complex because of combination and superimposition of 
multiple hydrocarbon source kitchens. For example, there 
are three types of crude oil in the Luliang uplift, two types 
in the Zhengshacun area and three types in the Yongjin area. 
The crude oil is from the Permian and Jurassic source rocks 
in the Western Well Pen1 and Changji depressions. The 
adjustment of the Che-Mo palaeohigh led to the difference of 
hydrocarbon sources in different geological periods. Before 
the Paleogene, the Permian source kitchen was generating 
oil and gas continuously and reached high maturity. After 
the Paleogene, the adjustment of the Che-Mo palaeohigh led 
to the subsidence of the Changji depression. The Jurassic 
source rocks were mature and became the main hydrocarbon 
source kitchens. However, the Jurassic source rocks in the 
Western Well Pen1 depression had low maturity and did not 
generate oil due to the adjustment of tectonic movements. 
So in the central and southern parts of the Junggar Basin, 
the Jurassic source rocks generated oil. In the Luliang uplift, 
the crude oil was from the Permian source rocks in the Well 
Pen1 depression and the Jurassic source rocks made no 
contribution. The crude oil in the Zhengshacun-Moxizhuang 
tectonic belt was from the Permian source rocks in two 
depressions and was partially mixed with the oil generated by 
Jurassic source rocks.

3) In the hinterland of the Junggar Basin, the hydrocarbon 
accumulation models vary in different tectonic belts due to 
the combination and superimposition of multiple hydrocarbon 
source kitchens and accumulation stages. The crude oil 
in the Luliang uplift was from source rocks of the lower 
Permian Fengcheng Formation and middle Permian Wuerhe 
Formation, which was characterized by superimposition of 
two sets of source kitchens and three accumulation stages. 
The crude oil in the Yongjin tectonic belt was from the lower 
Permian, middle Permian and Jurassic source rocks. This 
was characterized by superimposition of three sets of source 
kitchens and two accumulation stages. The crude oil in the 
Zhengshacun tectonic belt was from the combination of 
source kitchens of lower Permian and middle Permian in the 
Western Well Pen1 depression in the early stage and from 
the superimposition of Jurassic source rocks in the Changji 
depression in the late stage. The hydrocarbon-generating 
model in the hinterland of the Junggar Basin was early 
combination and late superimposition of multiple source 
kitchens.
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