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ABSTRACT

A large number of small-scale lacustrine sedimentary basins are
widely distributed across China. Studies of such basins have been
limited. These basins have complex characteristics and thus ex-
hibit significant differences in terms of their hydrocarbon po-
tential. At present, among the known 348 small-scale basins with
areas less than 20,000 km2 (<7700 mi2), 13 commercial petro-
liferous lacustrine basins have been identified. Of these, some are
referred to as “small but enriched” because they have hydrocar-
bon abundances per unit area that are far higher than large- to
medium-sized petroliferous basins. Small-scale petroliferous ba-
sins can be divided into the following two types based on their
characteristics and causes for their small size: remnant and
proto–small-scale basins. Remnant basins are sedimentary basins
retained from predecessor large basins that were far larger than
20,000 km2 (7700 mi2) and have undergone later modification
because of tectonic deformation and erosion; it is conspicuous
that later modifications caused their small size. Examples of
remnant basins include the Jiuxi, Jiudong, Yanqi, and Santanghu
Basins. Proto–small-scale basins are small basins during their
entire evolutionary history, and either they did not experience
later modifications or the old basin was a small-scale basin before
modification and it was their dynamics that caused their small
size. According to differences in their formation dynamics re-
sponsible for their small size, the proto–small-scale basin can be
divided into two subtypes: thermal basins and strike-slip basins.
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The thermal basin formation and evolution are reflective of a deep
thermal origin; that is, there is direct or indirect evidence for existing
asthenospheric upwelling that led to basin formation, and examples
of thermal basins include the Nanxiang and Jinggu Basins. Strike-slip
basin formationwas closely related to activity on large strike-slip fault
systems, and examples of strike-slip basins include the Yitong, Baise,
Sanshui, Baoshan, Luliang, Qujing, and Lunpola Basins.

For these small-scale lacustrine basins, the most important
fact contributing to the formation of hydrocarbons and reservoirs
is that these basins allowed for the deposition, preservation, and
maturation of high-quality hydrocarbon source rocks. Further-
more, three common key factors that significantly affected the
hydrocarbon occurrence within small-scale sedimentary basins
are as follows: (1) a later modification process that benefits the
preservation and maturation of the high-quality source rocks
(i.e., the uplift and erosion without the destruction of main source
rocks followed by basin subsidence), (2) a high geothermal
background characterized by high geothermal gradient and hy-
drothermal activity, and (3) an elevated deep-lake sedimentation
rate (>200 m/m.y. [>656 ft/m.y.]) during deposition of the
source rocks within underfilled and balanced-filled lakes.

INTRODUCTION

In China, there are a large number of sedimentary basins that
have a minimum sedimentary thickness of 1 km (3281 ft). Based
on available data, there are 417 basins in China that are larger
than 200 km2 (>80 mi2); most are small (Figure 1), including 348
with areas less than 20,000 km2 (<7700 mi2) (Li and Lv, 2002).
Here they are defined as small-scale basins. In terms of hydro-
carbon exploration, more than 90% of the recoverable reserves
(and production of discovered hydrocarbons) in China come
from large-scale basins with areas greater than 100,000 km2

(>39,000 mi2) (Li and Lv, 2002; Zhao et al., 2010; Liu et al.,
2014). These large-scale petroliferous basins include the Bohai
Bay Basin (200,000 km2 [77,000 mi2]), Songliao Basin
(260,000 km2 [100,000 mi2]), Ordos Basin (250,000 km2

[97,000 mi2]), Sichuan Basin (200,000 km2 [77,000 mi2]),
Junggar Basin (170,000 km2 [66,000 mi2]), and Tarim Basin
(560,000 km2 [216,000 mi2]). As a result, research, exploration,
and capital investment has focused on these large-scale basins
(Feng et al., 2010; Zhao et al., 2010, 2015b; Zou et al., 2010;
Huang et al., 2014; Huang and Liu, 2014). In contrast, total
recoverable reserves discovered in small-scale basins are much
lower, and thus both capital investment in, and attention to,
these petroliferous basins have been much lower. Nevertheless,
in terms of hydrocarbon-in-place reserves per unit area (HPUA;
barrels per square kilometers), some of these small-scale basins
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are “small but enriched” with high HPUA values (Liu, 2010; Liu
et al., 2014). As a result, hydrocarbon exploration in these small
but enriched petroliferous basins can lead to high exploration
efficiency (Li, 2006). However, a limited number of studies have
been performed on these basins, and their geological character-
istics, including their hydrocarbon occurrence, remain poorly
understood. For example, what are the common factors and key
differences among these basins with regard to their formation and
evolution? What, if any, are the shared characteristics of their
petroleum system elements, including source rocks, hydrocarbon
occurrence, and reservoir formation? How do some small basins
result in high HPUA values, and what are the factors controlling
hydrocarbon generation? Because of a lack of previous research,
answers to these questions remain unclear.

The Chinese situation is similar to that seen in the rest of
the world in that many small basins outside of China also have a
high HPUA value (Li, 2011). For example, the Bongor Basin of
the central African shear zone with an area of only 18,000 km2

(7000 mi2) has proven oil reserves of 30 · 108 bbl (Yu et al.,
2013; Xiao et al., 2014). The Los Angeles Basin developed in
the giant San Andres strike-slip fault system is only 3760 km2

(14,520 mi2) but has total recoverable reserves in excess of 105 ·
108 bbl (oil equivalent) (Biddle, 1991; Li, 2011). Thus, com-
prehensive research on small-scale petroliferous basins is neces-
sary and important for hydrocarbon exploration worldwide. In
addition, for nearly all of the Chinese sedimentary basins that
formed during the Mesozoic and Cenozoic, the primary evolu-
tionary stage during which source rocks were deposited and hy-
drocarbon accumulations were lacustrine, including these small
basins (Zhao et al., 2010). Consequently, investigations on these
small-scale petroliferous basins will enrich and complement pe-
troleum geologic theories of lacustrine basins, in general.

In this study, a comprehensive investigation of the small-scale
petroliferous basins in China is presentedmainly via hydrocarbon
exploration data. The objectives are as follows: (1) classify these
basins, (2) reveal their characteristics in terms of hydrocarbon
occurrences and main common factors, (3) enrich our under-
standing of petroleum geological theory of lacustrine basins, and
(4) develop a theoretical foundation, with referenced examples,
for the hydrocarbon exploration of similar small-scale basins
worldwide.

SUMMARY OF SMALL-SCALE PETROLIFEROUS
BASINS IN CHINA

At present, there is no worldwide standard definition for a small-
scale petroliferous basin. In this study, small-scale petroliferous
basins are defined as those that have areas smaller than
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20,000 km2 (7700 mi2). According to this definition,
there are 13 small-scale petroliferous basins across
China (Table 1), and the smallest is the Jinggu Basin,
which has an area of just 88 km2 (34 mi2). Of these
basins, the Jiuxi, Nanxiang, Yitong, and Baise Basins
haveHPUAs greater than 100,000 bbl/km2 (>259,000
bbl/mi2), which are values greater than, or close to,
those seen for some large-scale hydrocarbon-enriched
basins (e.g., the Songliao Basin, which has an HPUA
of 240,000 bbl/km2 [622,000 bbl/mi2]; Kang and
Ling, 2011). The Jiuxi Basin has the largest HPUA
among them, possibly exceeding 400,000 bbl/km2

(1,036,000 bbl/mi2), and also has the second-largest
HPUA in China after the much larger Bohai Bay

Basin (>400,000 bbl/km2 [>1,036,000 bbl/mi2]; Zhao
et al., 2015a). Indeed, although the HPUA of the
Jinggu Basin seems small, the fact that a commercial
oil field is located in such a small basin is both sur-
prising and worthy of further attention. Because
hydrocarbon distributions in small-scale basins are
often concentrated, it is possible to determine the
geological characteristics of such small basins and
the contrasting factors for exploration success, thus
making commercial considerations easier to manage.

Therefore, this study focuses on the 13 small-scale
petroliferous basins that are known to contain dis-
covered hydrocarbons, with emphasis on those in
development and production (Table 1). Because of

Figure 1. Map of major Chinese sedimentary basins. The insert chart shows the proportions of the basins with different sizes, and
indicates that approximately 80% percent of the sedimentary basins in China have a small area (smaller than 10,000 km2 [<38,600 mi2]).
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limitations of space, each basin is not described in
detail here; rather, the most typical basins of each
type are selected as case studies and are compared
with similar basins to summarize common characteristics.

CLASSIFICATION OF CHINESE
SMALL-SCALE PETROLIFEROUS BASINS

Building on comprehensive research on the character-
istics, dynamics, sediments, structures, basin evolution
and modification, and the known conditions of hydro-
carbon occurrence in Chinese small-scale petroliferous
basins, two types are defined here (Table 1): remnant
and proto–small-scale basins. Remnant small-scale ba-
sins are sedimentary basins preserved from predecessor
large basins that have undergone modification because
of tectonic deformation and erosion. The area of the
predecessor sedimentary basin before modification
was far larger than 20,000 km2 (>7700 mi2). Proto–
small-scale basins maintained a small size during their

entire evolutionary history, which did not experience
later modification, or the original basin was also a
small-scale basin before later modification; the small
size for this type of basin was caused by thermal ex-
tension and strike-slip–related dynamics. Furthermore,
the proto–small-scale basins can be further classified
according to their formation dynamics: (1) thermal
basins, whose formation and evolution are reflective of
a deep thermal origin (i.e., there is direct or indirect
evidence for existing asthenospheric upwelling, which
led to basin formation) and (2) strike-slip basins,
whose formationwas largely related to activity on large
strike-slip fault systems.

Here, these small-scale petroliferous basins are
classified without strictly following established con-
ventional basin classification schemes (e.g., Miall,
1984; Einsele, 1992; Busby and Azor, 2012; Allen
and Allen, 2013) because this classification is limited
to the small-scale petroliferous basins. As to a small-
scale petroliferous basin, our purpose of classification
is to reveal the most important cause for its small size

Table 1. Small-Scale Petroliferous Basins in China

Basin Classification Subclassification
Area, ·103 km2

(·103 mi2)

Major Sedimentary Rock Reservoir
Oil-in-Place
Reserves,
·104 bbl

HPUA,
bbl/km2Age

Thickness,
m (ft) Age Lithology

Jiuxi Remnant — 2.7 (1.0) J, K, R 7200 (23,600) K1, E2+3, N Sandstone,
metamorphic rock,
dolomite

127,252 471,304

Jiudong Remnant — 8.4 (3.2) J, K, R 9000 (29,500) K1, E2+3, N Sandstone,
metamorphic rock,
dolomite

8505 10,125

Santanghu Remnant — 20 (7.7) Pz, Mz, R 5500 (18,000) J, C, P Sandstone, volcanic
rock

71,429 35,714

Yanqi Remnant — 10.5 (4.1) T, J, E, Q 7000 (23,000) J1, J2 Sandstone 28,571 27,211
Nanxiang Prototype Thermal 17 (6.6) K, R 9000 (29,500) E1 Sandstone 214,286 126,050
Jinggu Prototype Thermal 0.088 (0.34) N 3000 (9800) N2 Sandstone 293 33,279
Sanshui Prototype Strike slip 3.4 (1.3) K, R 5500 (18,000) E1 Sandstone 407 1197
Yitong Prototype Strike slip 2.4 (0.9) R 6000 (19,700) E2 Sandstone 24,286 101,191
Baise Prototype Strike slip 0.83 (0.32) R 3000 (9800) T, E2, E3 Limestone, sandstone 10,086 121,515
Baoshan Prototype Strike slip 0.135 (0.52) N 2500 (8200) N2 Sandstone 693 51,323
Luliang Prototype Strike slip 0.325 (0.125) N 2000 (6600) N2 Sandstone 679 20,879
Qujing Prototype Strike slip 0.213 (0.82) R 2000 (6600) N2 Sandstone 18 838
Lunpola Prototype Strike slip 3.8 (1.5) R 5000 (16,400) E Sandstone 550 1447

The data of oil-in-place reserves are oil equivalent data (i.e., the gas-in-place reserves in each basin are converted into oil-in-place reserves). Data are mainly from the
following: Huo and Tan, 1995; Chen, 1999; Li and Lv, 2002; Cai, 2005; Hao, 2006; Chen et al., 2008, 2017; Tang, 2009; Luo et al., 2011; W. L. Jiao, 2018, personal
communication; and L. S. Li, 2018, personal communication. Hydrocarbon reserve data of part basins are collected from China PetroChemical Corporation and China
National Petroleum Corporation.

Abbreviations: C = Carboniferous; E = Paleogene; E1 = Paleocene; E2 = Eocene; E3 = Oligocene; HPUA = hydrocarbon-in-place reserves per unit area; J = Jurassic; J1 = Lower
Jurassic; J2 = Middle Jurassic; K = Cretaceous; K1 = Lower Cretaceous; Mz = Mesozoic; N = Neogene; N2 = Pliocene; P = Permian; Pz = Paleozoic; Q = Quaternary;
R = Tertiary (Paleogene + Neogene); T = Triassic.
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and hydrocarbon occurrence, instead of “revealing
something of the underlying mechanisms for basin
development” (Allen and Allen, 2013, p. 16), as has
been suggested by conventional basin classification
schemes.

GEOLOGICAL CHARACTERISTICS OF
REMNANT SMALL-SCALE BASINS

For this type of small-scale basin, during the main
developmental stage of the original basin (in partic-
ular, during source rock deposition), the sedimentary
range (i.e., area covered by sediment) of the original
basin was broad, as evidenced by the present-day
Jiuxi, Yanqi, and Santanghu Basins (Table 1). It is
also worth noting that the remnant strata of the three
basins retained a significant part of their petroleum
source rocks, making them viable for hydrocarbon
exploration. By contrast, because of the original ba-
sin’s sedimentary evolution that is not a benefit to the
deposition of source rocks or the intense and wide
erosion, some remnant small-scale basins did not
preserve source rocks if originally present and have
less potential for hydrocarbon exploration (in the
later part of this paper, this point will be discussed
in detail).

Example of Remnant Small-Scale Basin:
Jiuxi Basin

The remnant small-scale basin case study discussed
here (the Jiuxi Basin with an area of 2700 km2 [1000
mi2]) lies to the north of the Qilian fold belt on the
northern margin of the Tibetan Plateau. To the
west, it is adjacent to the northern edge of the Altyn
Tagh fault, on the western end of the Hexi Corridor
(Figure 2A). Studies have indicated that the present
Jiuxi Basin was a depression in an older larger basin
with an area of more than 30,000 km2 (>12,000
mi2) (i.e., the Jiuquan Basin group, which includes
the present Jiuxi, Jiudong, and Huahai–Jinta Basins)
during the earliest Cretaceous (Figure 2B) (Liu,
1996; He et al., 2004; Wang et al., 2008). Thus, the
Jiuquan Basin group represents an Early Cretaceous
rift basin that developed in the transit zone between
the North China–Alxa plate and the North Qilian
Paleozoic orogenic belt. Subsequent to tectonic

inversion in the Late Cretaceous, this basin began to
subside in the Eocene. During the Neogene it de-
veloped into a foreland basin induced by a regional
extrusion stress field as a result of uplift and out-
ward expansion of the Tibetan Plateau (Huo and
Tan, 1995). Thus, the Jiuxi Basin is a composite
basin developed from a larger Mesozoic rift basin
that was later superimposed successively by Ce-
nozoic thermal subsidence and foreland basin de-
velopment. As a result, the framework, structural,
and evolutionary characteristics of this basin dur-
ing its different developmental stages were dis-
tinctively different.

First, it experienced a rifting stage during the late
Mesozoic. Late multiple-stage tectonic modifications
caused the present framework and structural char-
acteristics of the Jiuxi Basin to be significantly dif-
ferent from those of the original Early Cretaceous
basin. This is evidenced by the outcrop presence of
Lower Cretaceous strata on the Kuantaishan–Heishan
and Tianquansi–Helishan uplifts between the Jiuxi–
Jiudong Basins and the Huahai–Jinta Basin, which
have thicknesses of more than 1000 m (>3300 ft) in
places (He et al., 2004). In the Qilian Mountains, on
the southern margin of the Jiuxi Basin, there are
remnant Lower Cretaceous strata that experienced
tectonic deformation and erosional modification
(Figure 2B). Seismic profiles also reveal that Lower
Cretaceous strata are commonly distributed in the
low uplifts of the basin that are covered by Cenozoic
strata (He et al., 2004). This evidence points to the
fact that in addition to the area of the present-day
basin, mountains and uplifts in and around the Jiu-
quan Basin group were also subsiding and received
deposits in the Early Cretaceous. Uplift of these
mountains thus occurred during the Late Cretaceous–
Paleocene (Liu, 1996; He et al., 2004).

A reconstruction of the original framework of
this Early Cretaceous basin reveals that the smaller
Jiuxi, Jiudong, and Huahai–Jinta Basins were once
connected and unified in a single entity termed the
Jiuquan Basin group with an area of more than
30,000 km2 (>12,000 mi2) (Figure 2B) (Tang,
2006). The sedimentary extent of this basin group
was broad (Figure 2B). For example, the southern
sedimentary boundary of the Early Cretaceous basin
lay 12–35 km (7–22 mi) to the south of the present
basin boundary (Liu, 1996; He et al., 2004; Zhao
et al., 2004; Figures 2B, 3). In the Early Cretaceous,
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the Jiuquan Basin group began to develop under a
tectonic background of regional extension and rift-
ing, whereas its overall structure was controlled
by northeast-trending normal faults (Liu, 1996; He
et al., 2004). During this period, semideep and deep
lacustrine (i.e., the area that is below the normal
wave base of the lake) sediments developed in the
basin with a maximum depositional thickness of
more than 2000 m (>6600 ft) (Liu, 1996; Wen,
2008). Thus, this period comprised the main for-
mation stage for hydrocarbon source rocks in the
basin (Liu, 1996) (Figure 2D). Because the Jiuquan
Basin group was regionally uplifted in the Late
Cretaceous, there is an absence of sediments of this
age and there was erosion of older strata. This mode
of evolution continued into the Paleocene (Wang
et al., 2005; Zheng et al., 2006).

Second, this basin experienced modification with
Paleogene thermal subsidence and Neogene foreland
basin development during the Cenozoic. During the
late Paleogene, the Jiuquan Basin group regionally
subsided, and a few hundred to thousand meters of
Eocene–Oligocene fluvial and lacustrine strata were
deposited over wide areas (Tang, 2006).

During the middle to late Miocene, under the
effects of continuous northward movement of the
Indian plate and its collision with the Eurasian plate,
blocks of the Tibetan Plateau joined together to form
a complete unit (Liu et al., 2009; Yin, 2010). Further
collision between the Indian and Eurasia plates began
to lead to significant changes in the surrounding
regions (Liu et al., 2009). For example, the Qilian
Mountain belt on the northern margin of the Tibetan

Plateau began to episodically thrust northward (Yin
et al., 2002; Liu et al., 2009; Yin, 2010; Pan et al.,
2012), causing the Jiuquan Basin group in the northern
foothills of Qilian Mountains to be modified into a
compressional foreland basin. In summary, modifi-
cations took place during the Paleogene and Lower
Cretaceous with the following frameworks (Figures
2 and 3): (1) the prevailing structural trend of
the basin and its internal units were changed to a
northwest direction from an almost north-south ori-
entation; (2) the existing sedimentary strata ex-
perienced strong and variable erosion; (3) the North
Qilian thrust belt on the southern basin margin thrust
northward, covering large areas of Cretaceous strata;
and (4) Neogene strata were deposited in the foreland
depression up to maximum thicknesses of 4500 m
(14,800 ft). These rocks comprise coarse, clastic facies
that represent rapid deposition leading to the deep
burial and maturation of the Lower Cretaceous source
rocks and subsequent hydrocarbon generation.

Other Remnant Small-Scale Basins

The other remnant small-scale basins of the 13 small-
scale petroliferous basins include the Jiudong, Yanqi,
and Santanghu Basins.

As mentioned above, the Jiudong Basin with an
area of 8400 km2 (3200 mi2) is also a remnant small-
scale basin separated from the Jiuquan Basin group
and was connected with the Jiuxi Basin until uplift
of the surrounding mountains during the Late
Cretaceous–Paleocene (Figure 2B) (Liu, 1996; He

Figure 3. North-south–trending geological section through the Jiuxi Basin, indicating that thick Lower Cretaceous strata exist under the
Qilian thrust belt (for section location see Figure 2; modified from Yumen oil field data). It also illustrates hydrocarbon occurrence under
the Kulongshan thrust block (metamorphic rocks) at the southern end of the basin. AnK = strata older than Cretaceous.
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et al., 2004; Wang et al., 2008). Thus it evolved with
the same history as the Jiuxi Basin (Figure 2).

The Yanqi Basin with an area of 10,500 km2

(4100 mi2), located south of the Tianshan Moun-
tains, is also a typical remnant small-scale petrolif-
erous basin (Figure 4). This basin evolved in four
evolutionary stages: Triassic foreland basin, Jurassic
rift basin, Cretaceous uplift, and Cenozoic thermal
subsidence basin (Chen et al., 2017). Indeed, it has
been shown that this basin originally formed the
northern part of the larger Tarim Basin during the
Jurassic and connected with other basins, such as
the Kumishi and Youerduosi Basins (Chen et al.,
2007a, b) (Figure 4A); it was uplifted during the
Late Cretaceous and became a component of the
Tianshan uplift at the boundary of the Tarim Basin,
resulting in the denudation of earlier deposited strata
(Chen et al., 2017). This area then subsided once
more in the Cenozoic and developed into a small
intermontane basin to the south of Tianshan (Chen
et al., 2017). Thus, the original area of the Yanqi
Basin might approach 600,000 km2 (232,000 mi2).

The Santanghu Basin with an area of 20,000
km2 (7700 mi2) is located between the Tianshan and
Altai Mountains (Figure 5). It is a composite basin
developed from a middle to late Carboniferous–
Permian collision foreland basin that was super-
imposed successively by a Triassic–Cretaceous thermal
subsidence basin and a Cenozoic reactivated foreland
basin (Hu et al., 1997; Hao, 2006). This basin was
filled by intermediate volcanic rocks, pyroclastic
rocks, and lacustrine clastic rocks with a cumulative
thickness of more than 10,000m (>33,000 ft) during
the middle to late Carboniferous–early Permian (Hu
et al., 1997), whereas fluvial-lacustrine sediments
were deposited during the late Permian–Triassic and
Jurassic–Cenozoic with a cumulative thickness of
approximately 3500 m (~11,500 ft) (Hu et al.,
1997). In addition, coal-bearing strata developed
during the Jurassic–Cenozoic (Li and Zhao, 2015).
During and before the Early to Middle Jurassic, this
basin was connected with the Junggar and Turpan–
Hami Basins, forming a large unified basin with
an area greater than 200,000 km2 (>77,000 mi2)
(Figure 5A) (Hao, 2006). Then, the Kelameili–
Maiqinwula and Altai Mountains to the north and
south of the basin, respectively, began to uplift, induc-
ing its split from the large unified basin (Hao, 2006).

GEOLOGICAL CHARACTERISTICS OF
PROTO–SMALL-SCALE BASINS

As mentioned above, this type of basin can be clas-
sified into two subtypes according to their formation
dynamics and thermal and strike-slip basins. On the
basis of our definition, of the 13 small-scale petro-
liferous Chinese basins (Table 1), the Nanxiang Basin
is considered a typical thermal type, and the Yitong
Basin is an example of the strike-slip type.

Example of Thermal Basins: Nanxiang
Basin

The Mesozoic and Cenozoic Nanxiang Basin lies at
the intersection of the Qinling and Dabie orogenic
belts (Figure 6A) and has an area of 17,000 km2

(6600 mi2). The thickness of Cretaceous–Cenozoic
strata in this basin is greater than 9000m (>30,000 ft),
and the Nanxiang Basin itself contains seven secondary
structural units, three subbasins, and four uplifts
(Figure 6B). Of these, the areas of the Biyang,
Nanyang, and Xiangzao subbasins are 1000 km2 (400
mi2), 3600 km2 (1400 mi2), and 5900 km2 (2300
mi2), respectively. A fan-shaped graben occurred at the
intersection of two major boundary faults, and at the
root of this graben, the depocenter, subsidence center,
and accumulation center overlap one another (i.e., at
this point, because the fault throw is largest, subsidence
is greatest, sediment is thickest, and the source rocks are
best developed) (Figure 6C). This basin received sedi-
ment from the Cretaceous to the Quaternary and de-
velopedmostly during the Cenozoic in two stages: a
Paleogene rifting phase and a Neogene–Quaternary
thermal subsidence phase (Zhai and Xu, 1992)
(Figure 6D). Here we suggest the Nanxiang Basin is a
thermal basin because there is direct evidence for the
existence of asthenospheric upwelling, which led to
its formation. The reasons include the following:

1. Seismic data have revealed the existence of as-
thenospheric upwelling characterized by blank re-
flection and low velocity. A deep seismic reflection
profile that passes through the Nanxiang Basin
demonstrates the presence of a blank reflection area,
with a width greater than 20 km (>12 mi) from
south to north, in the two-way traveltime interval of
3–10 s (i.e., at ~5–30 km [~5–19 mi] deep). This
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blank reflection areawas described as a transparency
of “the entire crust” (Yuan et al., 1994a, p. 756)
(Figure 7). Along this 300-km (190-mi)-long seis-
mic profile, this feature is only seen in this one
place, corresponding to a seismic low-velocity and
low-gravity zone (Yuan et al., 1994a). Indeed, such
a low-velocity zone on a seismic profile is commonly
interpreted as asthenospheric upwelling (Collier and

Singh, 1997; Sallarès and Calahorrano, 2007;
Tackley, 2012). Thus, combined with these re-
flection characteristics of more than 10 s, and in
neighboring areas, it is suggested that this blank re-
flection area in the Nanxiang Basin was induced by
the deep asthenospheric upwelling (Liu, 2010).

2. The low electrical resistivity and high tem-
perature of the lithosphere (Matyska and Yuen,

Figure 6. (A) Regional location and (B) simplified structure maps of the Nanxiang Basin. (C) Typical geological section through the basin
(map A modified from Dong et al., 2011). (D) General stratigraphy of Nanxiang Basin showing major tectonic and depositional events and
potential source and reservoir rocks. Fm. = Formation.
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2007; Sallarès and Calahorrano, 2007; Stein
and Von Herzen, 2007) all indicate that the
Nanxiang Basin remains, to this day, an active
upper mantle uplift region. Consistent with the
seismic profile discussed above, electrical re-
sistivity of the deep crust achieved from magne-
totelluric data is low within the area of the
Nanxiang Basin; these values are, in general, less
than 200 ohm m (<656 ohm ft), mostly around
just a few tens of ohm meters, with the lowest at
just a few ohm meters. Although a few, small
anomalous bodies with values of 200–2500
ohm m (656–8202 ohm ft) are scattered across
this low-resistivity zone (Jin et al., 1996; Zhang
et al., 1996). These data are in distinct contrast
to nearby areas that exhibit high resistivity with
values of a few thousand, tens of thousands, and
even hundreds of thousands of ohm meters
(Figure 8A). Within the Nanxiang Basin, the
1400°C isotherm is generally at a depth of
60–80 km (40–50 mi), whereas in the Nanyang
area to the south, over a width of more than 10 km
(>6 mi), the depth of the 1400°C isotherm occurs
at less than 60 km (<196,850 ft) (Zhang et al.,
1996) (Figure 8B). In nearby areas outside the
basin, this isotherm occurs at 120–200 km
(75–120 mi) or deeper (Figure 8B). These data
indicate that the temperature of the lithosphere in
this basin is significantly hotter than in nearby

areas (Figure 8B), a local anomaly that has been
explained as a thermal effect caused by astheno-
spheric upwelling (Jin et al., 1996; Liu, 2010). In
addition, we also know that the geothermal gra-
dient is high in this basin (Ji et al., 2017); for ex-
ample, temperature data of wells indicate that the
geothermal gradient in the Biyang subbasin is
3.6°C–5.6°C/100 m (33.98°F–3.5°F/100 ft), with
an average of 4.1°C/100 m (34.25°F/100 ft).

The upper mantle uplift region in this basin does
not spread along the tectonic trend of the Qinling
orogenic belt, but rather the two obliquely in-
tersect (Liu, 2010; Ji et al., 2017), indicating that
the initiation of the upper mantle uplift was after
the convergence and collision with the Qinling
orogenic belt. In other words, this occurrence may
be consistent with the emplacement age of post-
orogenic granite in the Dabie–East Qinling region
and the age of volcanism in the eastern part of the
Qinba (Shaanxi–Sichuan) area that is character-
ized by intermediate volcanic rocks (140–100 Ma)
(Lu, 1998). In addition, based on the fact that the
lowest Paleogene and Cretaceous strata uncon-
formably overlie basement (which consists mainly
of upper to middle Proterozoic metamorphic and
Paleozoic igneous rocks) (Y. Dong et al., 2015),
we suggest that the Nanxiang Basin underwent
regional uplift under a thermal background of

Figure 7. A line drawing, deep seismic reflection profile through the Nanxiang Basin; for location, see Figure 4 (modified from Yuan et al.,
1994a; Zhang et al., 1996). Noting the presence of a blank reflection area beneath the basin in the two-way traveltime interval of 3–10 s (i.e., at
~5–30 km [~3–19 mi] deep), with a width greater than 20 km (>12 mi). For details, see the text. CDP = common depth point.
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regional extension and asthenospheric upwelling
in the Early Cretaceous (140–100 Ma). This was
then followed by thermal collapse that caused
rifting and basin formation (Liu, 2010). It is sim-
ilar to the basin subsidence mechanism related to
thermal dynamic, suggested by previous researchers
(Haxby et al., 1976; Sleep and Snell, 1976; Quinlan,
1987).

Example of Strike-Slip Basins: Yitong
Basin

The Yitong Basin developed in the large Tan–Lu
strike-slip fault zone in eastern China (Xie et al.,
1997; Ren et al., 1999; Wang, 2001; Tang, 2009)
(Figure 9A). The formation and evolution of this
basin were clearly controlled by Cenozoic strike-slip
movements of the Tan–Lu fault zone (Zhou and
Liu, 2006). The Yitong Basin is 160 km (100 mi)
long from north to south, 10–20 km (6–12 mi) wide
from east to west, and has a ratio between its major
andminor axes of 10:1–20:1 (Figure 9B). The area of
this basin is approximately 2300 km2 (~900 mi2)
(Figure 9B). The basin exhibits an overall asymmetric
double-fault structural configuration in an east-west
direction and is controlled by two northeast-trending
boundary faults to the east and west, spreading into a
series of narrow grabens (subbasins) all with the same
trend direction (Figure 9B, C). The fault along its
northwestern boundary is straight and continuous,
having typical strike-slip characteristics. In contrast,
the fault along the southeastern basin boundary is
curved, discontinuous, and is a coordinating factor
(Wang, 2001; Tang, 2009) (Figure 9B, C). The
basement of this basin consists mainly of Hercy-
nian and Yanshanian granites, with a small pro-
portion of Paleozoic metamorphic and Mesozoic
volcanic rocks, with a Cenozoic sedimentary cover
of 2000–6000 m (6600–19,700 ft) (Tang, 2009).
In general, evolution of the Yitong Basin can be
divided into three stages: initial rifting (Cretaceous
to early Eocene), main rifting (at the end of the
early Eocene to late Oligocene), and postrift
(Neogene to Quaternary) (Zhai and Xu, 1993;
Tang, 2009). Faulted uplifts and subbasins (gra-
bens) occur alternately in the basin. From north to
south, three secondary negative structural units
have been identified: the Chaluhe, Luxiang, and

Moliqing subbasins (Figure 9B), which have areas
of 1320 km2 (510 mi2), 320 km2 (120 mi2), and
640 km2 (250 mi2), respectively (Li and Lv, 2002).
Significantly, oil fields have mainly been discov-
ered in the two small subbasins in the middle and
south.

Based on the planar distribution of the Tan–Lu
fault zone, it is clear that this basin lies at the re-
leasing bend along the main fault in the dextral
strike-slip motion (Zhou and Liu, 2006) (Figure 9A).
Extensional stress induced by this releasing bend
during strike-slip motion may indeed be the dynamic
cause of basin subsidence. Indeed, in terms of its
configuration and evolution, this basin exhibits the
following characteristics:

1. Elongated geometry with thick, but relatively
narrow, deposition (Figure 9B, C);

2. High sedimentation rate (>200 m/m.y. [660
ft/m.y.]) and elevated paleogeothermal gradient
(>4°C/100 m [34.2°F/100 ft]) are inferred during
deposition of the source rocks (Tang, 2009);

3. Asymmetry in both sediment thickness and fa-
cies pattern (Xie et al., 1997; Ren et al., 1999)
(Figures 9C, 10A);

4. Abrupt lateral and vertical facies changes, with
marginal breccias that may pass directly and
laterally into lacustrine mudstones (Shi et al.,
2012) (Figure 10A); and

5. Depocenter migration opposite to the direction
of axial sediment transport (Figure 10B).

Other Proto–Small-Scale Basins

Among the 13 small-scale petroliferous basins, other
proto–small-scale basins include Sanshui, Baise,
Jinggu, Lunpola, Baoshan, Luliang, and Qujing
Basins. Among them, the Jinggu Basin is a thermal-
type basin, and the others are strike slip (Table 1).

The Jinggu Basin, with an area of 88 km2 (34
mi2), located in the Yunnan Province of China is the
smallest petroliferous basin in the world (Figure 11).
The seismic data indicate that its occurrence was
caused by asthenospheric upwelling (Liu et al., 2010,
2014); thus it is a typical thermal basin. This for-
mation process induced a high geothermal field
(i.e., the present geothermal gradient is 5.0°C/100m
[34.7°F/100 ft]; Wu et al., 2000). This small basin
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Figure 9. (A) Regional location and (B) simplified structure maps of the Yitong Basin. (C) Typical seismic interpretative section through
the basin. (D) General stratigraphy of Yitong Basin, showing major tectonic and depositional events and potential source and reservoir
rocks. Line AA9 in (B) shows the location of the geological section in (C). Fm. = Formation.
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experienced two principal stages: a Miocene rifting
stage and a late Pliocene denudation stage (Zhao and
Wang, 1988; Wang et al., 2003). During the rifting
stage, more than 4000 m (>13,000 ft) of sediments
were deposited (Wang et al., 2003). These strata
were widely denudated during the Pliocene with ap-
proximately 1300–1600 m (~4300–5300 ft) removed
in the northeast of the basin, leaving a remnant area
of only 25% of the old basin (Wang et al., 2003).
Nevertheless, the whole area of the old large sediment
body (i.e., the area of the original sedimentary
succession of the precursor basin), approximately
350 km2 (~135 mi2), is far less than 20,000 km2

(<7700 mi2), and the basin maintained a small size
during its subsequent evolution; thus the Jinggu Basin
is herein classified as proto–small-scale basin.

The Sanshui Basin, with an area of 3400 km2

(1300 mi2), is located in the Guangdong Province of
China. It is a Cretaceous–Cenozoic extensional basin
controlled by the northeast-striking Sihui–Wuchuan
fault system (Yuan et al., 1994b; Chen et al., 2008)
(Figure 12). It experienced two main evolutionary
stages, the Cretaceous and early Paleogene rifting
stage, and later Paleogene postrift stage, with more
than 3000 m (>9800 ft) of lacustrine and alluvial
sediments (Chen et al., 2008). It is suggested that

this basin was connectedwith several other small basins
during the rifting stage, such as Longgui, Dongguan,
Xinhui, and Kaien Basins (Figure 12A), whereas, cur-
rently, these small basins are separated from each other
by the later tectonic deformation and erosion (Yan and
Jin, 1997). Approximately 800–1000 m (~2600–3300
ft) of sedimentary rocks above the source sequence was
removed (Yan and Jin, 1997). Although the old large
sediment body included the other small basins, its
whole area of approximately 6000 km2 (~2300 mi2) is
less than 20,000 km2 (<7700 mi2), and this small size
was maintained during its evolution. Thus, the Sanshui
Basin is classified as proto–small-scale basin. One phe-
nomenon in this basin that should receive more at-
tention is the abundant volcanism during and after
the deposition of Paleogene source rocks that resulted
in a high paleogeothermal gradient (~6°C/100 m
[~35.3°F/100 ft]) (Tang, 1984; Fu et al., 2004).

The Baise Basin is a pull-apart basin controlled
by the left-lateral strike-slip motion of the Youjiang
fault zone that belongs to the Honghe River fault
system during the Paleogene (Figure 13) (Hu 1985; Lin
et al., 1991). This basin experienced three evolutionary
stages, an Eocene rifting stage, Oligocene postrift
stage, and Neogene uplift-denudation stage (Lin
et al., 1991). During the rifting stage, this basin de-
veloped a semideep and deep-lake environment and

Figure 10. Maps showing (A) sedimentary facies during the late Eocene and (B) migration of depocenter during the early–middle
Eocene in the Yitong Basin. Map (A) is after Wang (2001), whereas map (B) is after Ren et al. (1999). IA = first member of the Eocene
Shuangyang Formation; IB = second and third members of the Eocene Shuangyang Formation; IC = first member of the Eocene Sheling
Formation; ID = second member of the Eocene Sheling Formation; IE = first member of the Eocene Yongji Formation.
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permitted the deposition of lacustrine siliciclastic
strata characterized by dark mudstone with a maxi-
mum thickness of up to 1100 m (3600 ft), which are
the main source rocks in the basin (Lin et al., 1991;
Liu et al., 2005). During the Neogene, the regional
stress field changed into right-lateral strike-slip mo-
tion from left-lateral strike-slip motion, leading to
tectonic inversion characterized by uplift and de-
nudation in this basin (Tapponnier et al., 1982; Lin
et al., 1991).

The Lunpola Basin is the only petroliferous basin
with commercial discoveries in the hinterland of the
Tibetan Plateau (Figure 14) (Ai, 1998). It is a strike-
slip basin caused by the dextral motion of the Zan–
Zi fault within the Bangong–Nujiang fault zone at the
end of the Paleocene (Ai, 1998). It evolved in twomain
stages, Eocene rifting stage and Oligocene postrift
stage, and was filled with up to approximately 5000 m
(~16,400 ft) of lacustrine clastic sediments (Ma et al.,
2013). Since the Neogene, this basin has been modified

Figure 11. (A) Regional location and (B) simplified structure maps of the Jinggu Basin. (C) Typical geological section through the basin.
(D) General stratigraphy of the Jinggu Basin, showing major tectonic and depositional events and potential source and reservoir rocks.
E = Paleogene; Fm. = Formation.
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Figure 12. (A) Regional location and (B) simplified structure maps of the Sanshui Basin. (C) Typical geological section through the
basin. (D) General stratigraphy of the Sanshui Basin, showing major tectonic and depositional events and potential source and reservoir
rocks. Its adjacent basins (Longgui, Dongguan, Xinhui, and Kaien Basins) are also shown in map (A); all of these basins were connected
during the rifting stage. Line AB in (B) shows the location of the geological section in (C). AnK = strata older than Cretaceous; E1 =
Paleocene; Fm. = Formation; K = Cretaceous.
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by the uplift of the Tibetan Plateau, inducing erosion
(Ai, 1998; Ma et al., 2013).

All of the three other basins, Baoshan, Luliang,
and Qujing, were located in the Yunnan Province of
China (Figure 1). They had similar dynamic and evo-
lutionary stages and were induced by the left-lateral
strike-slip motion of the large north-northwest–trend-
ing fault during late Eocene–Oligocene and Neogene
because of the collision between the Indian and
Eurasian plates (Socquet and Pubellier, 2005)
(Figures 15, 16). All have production of biogenic
gas. The Baoshan Basin was filled with up to
approximately 2000 m (~5600 ft) of lacustrine
sediments during the Neogene, including mud-
stone source rocks for the generation of biogenic
gas (Figure 15D) (Xu et al., 2006). Similarly, the
thick, dark lacustrine mudstones (with a cumula-
tive thickness of >400 m [>1312 ft]) developed

during the middle Oligocene and acted as the
source rocks for biogenic gas generation in the
Qujing Basin (Figure 16C) (Wu et al., 2007),
whereas the source rocks for biogenic gas of the
Luliang Basin are Neogene (Xu et al., 2006).

One issue should be clarified here: although
most basins of this type have experienced strong
tectonic modification and erosion during their later
evolutionary history, the old sedimentary bodies of
these basins were smaller than 20,000 km2 (<7700mi2)
during their entire evolutionary history (Lin et al.,
1991; Yan and Jin, 1997;Wang et al., 2003;Ma et al.,
2013), thus we still classify them into proto–small-
scale basins here. Additionally, statistics suggest that
all these proto–small-scale basins have a higher geo-
thermal gradient (>3°C/100 m [33.6°F/100 ft]) (Wu
et al., 2000; Wang et al., 2003; Cai, 2005; Liu et al.,
2005; Xu et al., 2006; Chen et al., 2008; Ma et al.,

Figure 13. (A) Simplified structure map of the Baise Basin. (B) Typical geological section through the basin. (C) General stratigraphy of
the Baise Basin, showing major tectonic and depositional events and potential source and reservoir rocks. Line AB in (A) shows the
location of the geological section in (B). Fm. = Formation; T = Triassic.
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2013) and higher sedimentation rate during deposition
of source rocks (>200 m/m.y. [660 ft/m.y.]) (Wang
et al., 2003; Fu et al., 2004; Xu et al., 2006;Wu et al.,
2007) (Table 2).

HYDROCARBON OCCURRENCES IN
SMALL-SCALE PETROLIFEROUS BASINS

Remnant Small-Scale Basins

The area of the present-day Jiuxi Basin is 2700 km2

(1000 mi2), and hydrocarbon exploration and de-
velopment efforts in this basin have been ongoing
since the discovery of the Laojunmiao oil field in
1939. The hydrocarbon resources of the Jiuxi Basin
are up to 47 · 108 bbl, and to date, this basin has

produced more than 2.6 · 108 bbl of oil (W. L. Jiao,
2018, personal communication). The main source
rocks in this basin are Lower Cretaceous lacustrine
dark mudstones and argillaceous dolomites, with a
thickness of up to 1000 m (3300 ft) (Liu, 1996; Wen,
2008). To date, oil reservoirs have been identified in
the lower-middle Mesozoic metamorphic basement
and in Lower Cretaceous and Cenozoic sedimentary
rocks, with the different kinds of oil reservoirs dis-
tributed between the different structural units in the
basin (Huo and Tan, 1995; Liu, 1996; Zhao et al.,
2004). The Laojunmiao oil field is the largest in the
basin and lies in the southern uplift zone. The oil was
generated from Mesozoic (Lower Cretaceous) source
rocks, migrated into a Neogene reservoir, and accu-
mulated in an asymmetrical anticlinal structure (Yin
et al., 2007). To date, this oil field has produced

Figure 14. (A) Regional location and (B) simplified structure of the Lunpola Basin. (C) Typical interpretative seismic section through the
basin. (D) General stratigraphy of Lunpola Basin showing major tectonic and depositional events, and potential source and reservoir rocks.
Line AB in (B) shows the location of the geological section in (C). Fm. = Formation; K = Cretaceous.
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more than 1.6 · 108 bbl of oil, with a recovery of more
than 45% (W. L. Jiao, 2018, personal communication).

At the end of the last century, there was a new
breakthrough in hydrocarbon exploration in this
Lower Cretaceous hydrocarbon-rich basin, with
the discovery of two new oil fields: the Cretaceous
Qingxi oil field under the Kulongshan thrust block
(metamorphic rocks) at the southern end of the
basin and the Ya’erxia oil field to the north, near to
the Qingxi oil field (Figure 3). Between these two
new fields, proven reserves increased by 7.1 · 108 bbl
of oil, thus expanding the exploration scope and area
in this basin (Tang, 2006). The oil of the two fields
was generated from Mesozoic (Lower Cretaceous)
source rocks, migrated into Lower Cretaceous and
Neogene reservoirs, and accumulated in anticlinal

structures caused by northward thrust of the North
Qilian thrust belt (Zhao et al., 2004; Tang, 2006).

Given that the Jiuxi Basin covers a small area,
but has a long exploration history with seven proven
oil fields and large hydrocarbon production, such a
significant new discovery was both puzzling and ex-
citing. As has been discussed above, the present-day
Jiuxi Basin was not a small-scale sedimentary basin
during the Cretaceous when its main source rocks
developed. Indeed, in the Early Cretaceous, the Jiuxi
Basin, along with the Huahai–Jinta Basin to the north
and the Jiudong Basin to the east, were all major
contributors to the large Jiuquan Basin group (Figure 2)
(Liu, 1996; He et al., 2004; Tang, 2006). The source
rocks in the Qingxi subbasin in the western part of the
Jiuxi Basin are of high quality (Tang, 2006), and thus

Figure 15. (A) Regional location and (B) simplified structure maps of the Baoshan Basin. (C) Typical geological section through the
basin. (D) General stratigraphy of Baoshan Basin, showing major tectonic and depositional events and potential source and reservoir
rocks. Line AB in (B) shows the location of the geological section in (C). Fm. = Formation.
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the potential for hydrocarbon generation is significantly
better here than from the source rocks in the Jiudong
and other basins (Table 2). Therefore, the present-day
location of the Jiuxi Basin was important for the de-
velopment of high-quality source rocks within the
Lower Cretaceous Jiuquan Basin group. During later
Cenozoic deposition, especially since the Neogene,
flexure deformation of the foreland basin and rapid
deposition occurred, leading to a few thousand
meters of deposition (Tang, 2006). During the
continuous northward movement and convergence
of the Tibetan Plateau, a northward-thrusting nappe
structure formed at the southern boundary of the
Jiuquan Basin (Liu, 1996; Tang, 2006), and volumes
of thick Lower Cretaceous source rocks were covered
by the thrusting nappe structural system. These
source rocks were subsequently deeply buried and

matured, resulting in the generation, migration, and
accumulation of hydrocarbons (i.e., the Qingxi and
Ya’erxia oil fields).

Data show that the Yanqi Basin has an area of
13,000 km2 (5000 mi2) and that it contains two sub-
basins and one uplift: from north to south, respectively,
the Hejing and Bohu subbasins and the central uplift
belt (Figure 4) (Chen et al., 2017). The thickest
Mesozoic and Cenozoic strata in this region are up to
7200 m (23,600 ft), with the Bohu subbasin having
an area of 4100 km2 (1600 mi2) and substantial
source rocks in remnant Middle and Lower Jurassic
strata (Chen et al., 2007a, b, 2017). In the Hejing
subbasin and the central uplift belt, Jurassic strata
have been completely eroded, and Cenozoic strata of
different ages can be found (Chen et al., 2017). The
total hydrocarbon resource in this basin is up to 22 ·

Figure 16. (A) Regional location map of the Qujing and Luliang basins. (B) Simplified structure map of the Qujing Basin. (C) Typical geological
section through the Qujing Basin. (D) General stratigraphy showing major tectonic and depositional events and potential source and reservoir
rocks of the Qujing Basin. Line AB in (B) shows the location of the geological section in (C). D = Devonian; Fm. = Formation; Q = Quaternary.
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108 bbl, with total proven reserves of 2 · 108 bbl
(Chen et al., 2017). To date, two oil fields and four
oil-bearing blocks have been discovered, all of which
are distributed within the remnant Jurassic strata of
the Bohu subbasin (Chen et al., 2017).

Ongoing hydrocarbon exploration and new dis-
coveries in the Jiuxi and Yanqi Basins and other
remnant small-scale basins imply that conditions for
hydrocarbon enrichment in remnant basins are as
follows: (1) the original basin must have been pet-
roliferous; (2) the whole, or part, of the present basin
must lie at a location where high-quality source rocks
developed in the original basin, and thus part of
these source rocks were retained during later tectonic
modifications; and (3) subsequent tectonic move-
ments, and sedimentation, have led to the deep
burial and maturation of these source rocks.

Proto–Small-Scale Basins (Thermal Basins)

The Nanxiang Basin located in the east of the Qinling
orogenic belt is a small but enriched petroliferous
basin that boasts a maximum annual production of
1838 · 104 bbl (in 1988) and oil-in-place reserves of
21 ·108 bbl (L. S. Li, 2018, personal communica-
tion). However, 90% of the proven reserves and
95% of the produced crude oil in this basin belong
to the Biyang subbasin (Liu et al., 2014), which
accounts for less than 6% of the total basin area
(Figure 17). Although the Nanyang subbasin has a
much larger area, its cumulative proven reserves
account for less than 10% of those from the whole
basin, and although 12 exploratory wells have been
drilled in the largest subbasin, the Xiangzao sub-
basin, no oil and gas has so far been found (Liu et al.,
2014) (Figure 17A).

The main source rocks in the Nanxiang Basin are
a series of massively thick mudstones, which were
deposited in a lacustrine setting during the Paleogene
rifting stage. The source rocks in the Biyang subbasin
have a maximum cumulative thickness of 1900 m
(6200 ft) with an average total organic carbon (TOC)
of 1.77 wt. % (but ranging between 0.5 and 7.0 wt. %),
an average chloroform bitumen “A” content of 0.2%,
and an average total hydrocarbon content of 1219
ppm (data based on the source rock interval) (Cheng,
2007; T. Dong et al., 2015). The kerogen types in
these source rocks are mainly humic-sapropelic and

sapropelic, and they have high capability for hydro-
carbon generation (T. Dong et al., 2015). As men-
tioned above, temperature data from wells indicate
that the geothermal gradient in the Biyang subbasin
is 3.6°C–5.6°C/100 m (33.98°F–35.1°F/100 ft),
with an average of 4.1°C/100 m (34.25°F/100 ft). A
basin with a geothermal gradient more than 3°C/
100 m (>33.6°F/100 ft) can be treated as hotter than
normal (hyperthermal) (Robert, 1988), and thus the
geothermal gradient value of 4.1°C/100 m (34.25°F/
100 ft) here indicates a high geothermal background
for this basin. Indeed, because of this high geo-
thermal gradient, the oil generation threshold of the
main source rocks (i.e., the corresponding tempera-
ture is 60°C, and the vitrinite reflectance [Ro] is
>0.5%) is generally shallow (1700–1900 m [5600–
6200 ft]), mostly resulting in the maturation of the
source rocks with the Ro between 0.5 and 1.8% in
the Biyang subbasin (Cheng, 2007) (Figure 18).
The nearshore subaqueous fan system that devel-
oped simultaneously with the source rocks during
the rifting phase is the main reservoir and, consequently,
the large contact area between the sandstones and
source rocks creates a good source-reservoir-cap
combination and benefits the formation of self-
generation– and self-accumulation–type reservoirs
(Cheng, 2007) (Figure 6C, D).

The paleogeothermal gradient during the deposi-
tion of the source rocks was investigated using Ro data
and showed that the paleogeothermal gradient was as
high as the present-day geothermal gradient (Li et al.,
2013). In any case, ancient and present-day elevated
geothermal background was a significant characteristic
for the formation and evolution of small thermal basins.
The effect of this high geothermal background on
hydrocarbon accumulation in the Nanxiang Basin was
significant. As mentioned above, the high geothermal
gradient in the Biyang subbasin made the main source
rocks mature at a shallower level and caused most of
the shallow source rocks to reach this threshold early in
their evolution (Figure 18); this may be the main
reason that hydrocarbons are more enriched in this
subbasin (Figure 17A; Table 2).

As to the Jinggu thermal basin, the smallest known
petroliferous basin in the world, it is of great interest
that an oil field (Daniujuan field, with an oil-in-place
reserve of 2,930,000 bbl and an annual production of
1500 t [10,714 bbl]) was discovered in such a small
Neogene basin (Chen, 1999; Li and Lv, 2002). The
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background of deep asthenospheric upwelling led
to formation of the high geothermal field in this
basin (i.e., the present-day geothermal gradient is
5.0°C/100 m [34.7°F/100 ft]) and is also the reason
why hydrocarbons can be generated and accumu-
late in such young Neogene strata (Liu et al., 2010,
2014).

Proto–Small-Scale Basins (Strike-Slip
Basins)

The conditions for hydrocarbon occurrence in strike-
slip basins vary, causing differences in the prospects
and scale of resources in different basins. In general,
strike-slip basins with longer evolutionary history
and thicker sedimentation have better hydrocarbon
resource prospects. However, most global basins
with high HPUA values are either small strike-slip

type or are related to a strike-slip background,
known as small but enriched petroliferous basins
(Liu et al., 2015). Indeed, several studies have been
conducted from different viewpoints on the regu-
larity of hydrocarbon occurrence in such basins, most
notably the Los Angeles Basin (Biddle, 1991).
Compared to globally known craton and rift basins,
strike-slip basins tend to have small areas and high
HPUA values (Harding, 1976; Huff, 1980; Biddle,
1991; Nilsen and Sylvester, 1995; Noda, 2013).

The prospective hydrocarbon resources in the
Yitong Basin are 19.3–28.6 ·108 bbl (oil equivalent)
(Li and Lv, 2002), and present petroleum reserves
are approximately 8.6 ·108 bbl. Annual oil pro-
duction is 243 ·104 bbl, and the historical maximum
annual oil production was 453 ·104 bbl (in 1990)
(Tang, 2009). The source rocks in this basin are dark
lacustrine mudstones deposited during the Eocene
rifting stage that have an average thickness of more

Figure 17. (A) Map showing the main structural units and oil fields in the Nanxiang Basin. (B) Map showing basin structural con-
figuration and distribution of the oil fields in the Biyang subbasin of the Nanxiang Basin (simplified from data on the Henan oil field).
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than 1000 m (>3300 ft) (Wang, 2001; Cao, 2010).
Organic matter types in these mudstones are mainly
types II and III, and the average TOC of the main
source rocks can be up to 1.99 wt. %, with a range of
0.2–6.7 wt. % (Wang, 2001; Cao, 2010) (Table 2).
The front of the fan delta and alluvial fan sedimen-
tary systems, which were controlled by the basin
boundary faults during the rifting stage, horizontally
penetrate the source rocks and consequently favor
hydrocarbon accumulation (Wang, 2001). Combi-
nations of faults, unconformities in the basement,
and sandstone-transporting layers produced a con-
nected and complex pathway system for vertical and
lateral migration of hydrocarbons in the Yitong Basin
(Wang, 2001). Three subbasins in the Yitong Basin
are distributed along the same strike-slip structural
belt. However, they have different petroleum system
characteristics. For example, the Moliqing and
Luxiang subbasins have high geothermal gradients,
3.52°C/100 m (33.93°F/100 ft) and 3.62°C/100 m
(33.98°F/100 ft) (Tang, 2009), respectively, and
their source rocks have a higher oil-generating ca-
pacity than the same sequence of source rocks in
the Chaluhe subbasin (Cao, 2010). In terms of
discoveries, most hydrocarbons have been found in

the Luxiang subbasin, followed by the Moliqing
and then the Chaluhe (Cao, 2010).

The other small strike-slip petroliferous basins
known in China include the Baise (830 km2 [320mi2])
and Lunpola Basins (3800 km2 [1500 mi2]), which are
both Cenozoic. The Baise Basin boasts oil reserves of
33.2 ·108 bbl; indeed, seven small oil fields have been
found in the eastern part of this basin, which have
proven reserves of 10.3 ·108 bbl (Luo et al., 2011).

Thus, in combination with other investigations
into the hydrocarbon occurrences in worldwide strike-
slip basins (Biddle, 1991; Carter and Lerche, 1991;
Zhang and Zhang, 1991; Nielsen et al., 1999; Link,
2003; Allen and Allen, 2013; Liu et al., 2015; Zhang
et al., 2015), it is concluded that (1) because strike-
slip faults are generally very steep and extend deeply
downward, basins formed in relation to strike-slip
activities generally display high geothermal gradi-
ents (>3°C/100 m [>33.6°F/100 ft]), high sedi-
mentation (>200 m/m.y. [>660 ft/m.y.]) and
subsidence (>200 m/m.y. [>660 ft/m.y.]) rates dur-
ing source rock deposition, and thick sedimentary
sequences (up to 10,000 m [32,800 ft]); (2) rapid
subsidence leads to deep-water environments that
are favorable for the deposition of good source rocks

Figure 18. Basin modeling results for stratigraphic burial history and maturity history of source rocks in the Biyang subbasin of the
Nanxiang Basin (modified from Cheng, 2007). Ro = vitrinite reflectance.

LIU ET AL. 2165

Downloaded from https://pubs.geoscienceworld.org/aapgbull/article-pdf/103/9/2139/4818788/bltn17014.pdf
by Northwest Univ Dept of Geology user
on 06 January 2020



combined with higher geothermal background; (3)
rapid deposition and thick sediment development in
small areas result in abundant source rocks and
multiple sets of source–reservoir–seal rock com-
binations, providing conditions favoring the for-
mation of the small but enriched strike-slip basins;
(4) the strike-slip basin is narrow, together with the
strike-slip motion on its boundary faults, induces
abrupt lateral facies changes in the basin including
that marginal breccias passing laterally and directly
into lacustrine mudstones, this feature facilitates
the accumulation of hydrocarbons after short-
distance migration; (5) strike-slip activity causes
structural deformation in the basement rock, which
influences deposition that is both pre- and synkine-
matic, producing numerous structural traps domi-
nated by faults and folds; and (6) strike-slip activity
often causes migration of the depocenter, together
with segmentation of the strike-slip fault, both in
terms of distribution and activity, inducing large
differences in hydrocarbon occurrences, degree of
enrichment, and distribution characteristics along
the strike-slip fault zone in the basin. It is suggested
these are the important characteristics and key fac-
tors that determine hydrocarbon occurrence in small
strike-slip basins.

DISCUSSION

For some of these 13 small-scale petroliferous basins,
small size was entirely caused by the later modifica-
tion, such as the Jiuxi, Jiudong, Yanqi, and Santanghu
Basins; for others, small size was caused by a combina-
tion of formation mechanism, strike-slip movement,
and thermal expansion. For most of the strike-slip
basins, later tectonic modifications made them
even smaller (e.g., Baise and Lunpola Basins).

As discussed, many of these small-scale petro-
liferous basins have very high HPUA values. How-
ever, not all of the sedimentary basins classified in
these types are necessarily enriched with hydrocar-
bons, and this is also not the case for all inner sub-
basins within the small-scale petroliferous basins.
This phenomenon indicates that (1) for a high HPUA
value, multiple conditions need to be satisfied and (2)
for different types of small-scale basins, the factors
contributing to their hydrocarbon accumulation dis-
play some differences. Nevertheless, many factors

contributing to their hydrocarbon accumulation are
shared by all types of these small-scale petroliferous
basins, such as conditions of formation of source
rocks, reservoir, cap rocks, traps, and migration paths
as well as preservation. Together with comparative
studies on some small-scale sedimentary basins without
hydrocarbon occurrence, it is concluded that the
following three common key factors significantly
affect hydrocarbon occurrence within a small-scale
sedimentary basin: (1) a later modification process
that benefits preservation and maturation of the high-
quality source rocks; (2) a high geothermal back-
ground; and (3) an elevated deep-lake sedimentation
rate during deposition of the source rocks. Other
small-scale sedimentary basins without hydrocarbon
occurrences in China usually do not have the com-
bination of the three characteristics. One point
should be emphasized that these three factors are
also more or less characteristic of the large-scale pet-
roliferous lacustrine basins in China (Liu et al., 2014);
however, they are especially manifested in small-scale
petroliferous lacustrine basins.

First, a Later Modification Process that
Benefits Preservation and Maturation
of High-Quality Source Rocks

In the case of remnant small-scale basins, a large
volume of high-quality source rocks must be retained
after the modification of the original basin. There-
fore, in remnant small-scale basins, the location of
the original basin, in particular its spatial relation-
ship to hydrocarbon-enriched subbasins, is critical
for evaluating scale and distribution of hydrocarbon
resources (Liu and Yang, 2000). In other words, only
basins that retain effective and high-quality source
rocks will be enriched in hydrocarbons. For example,
the Jiuxi Basin is located in the area where high-
quality source rocks developed in the Early Creta-
ceous, during the evolutionary stage of the large
original basin (i.e., Juquan Basin group), and has a
high HPUA value; in contrast, the Jiudong Basin is
located in the area where poor source rocks de-
veloped in the Early Cretaceous, during the evolu-
tionary stage of the Jiuquan Basin group, and has less
hydrocarbon occurrence (Table 1). Indeed, this dif-
ference is probably caused by their different dis-
tances from the depocenter of the original Jiuquan
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Basin group. The Jiuxi Basin is located at or near the
depocenter, whereas the Jiudong Basin is removed
from the depocenter. Another counter example is
the Youerduosi Basin, with an area of 8000 km2

(3100 mi2). This small-scale sedimentary basin was
also part of the larger Tarim Basin during the Ju-
rassic, as was the Yanqi Basin (Chen et al., 2007a, b)
(Figure 4). Because this basin was away from the
depocenter of the larger Tarim Basin (Chen et al.,
2007a, b), poor source rocks were retained after later
modification, resulting in no hydrocarbon occur-
rence in this basin.

The tectonic modification separating remnant
basins from the original large basin commonly results
in the removal of much of the strata above the source
rocks (Liu, 1996). Thus, the preserved high-quality
source rocks in remnant small-scale basins must
be reburied after erosion to reach the hydrocarbon
generation threshold and start to generate hydro-
carbons during reburial. The new strata deposited
during the reburial process also is an important
factor in providing the necessary reservoir-cap rock
assemblage for hydrocarbon accumulation and pre-
venting the escape of hydrocarbons. For some rem-
nant small-scale basins, although good source rocks
were preserved during uplift and erosion, there are no
hydrocarbon occurrences. This is because the modi-
fied basin was not reburied, leading to a very shallow
depth of the preserved source rocks.

In fact, the aforementioned investigations showed
that the later erosional modification is also common
in proto–small-scale basins. And, therefore, this fac-
tor also affects the hydrocarbon occurrence in the
other type of small-scale basins. There are some
small-scale strike-slip basins where the strong erosion
and lack of reburial result in no hydrocarbon occur-
rence. For example, the Dongguan Basin, which was
connected with the Sanshui Basin during the Cre-
taceous and early Paleogene rift stage (Figure 12) also
received more than 3000 m (>9800 ft) of deep la-
custrine sediments during this period (Yan and Jin,
1997); however, the overburden strata are all absent
in this basin, resulting in its lack of hydrocarbon
occurrence. By contrast, in all the strike-slip small-
scale petroliferous basins listed in this study, later
erosion was generally not extensive enough, and the
source rocks remained at a deep depth, leading to
retention of a good condition for the preservation

and maturation of source rocks (Lin et al., 1991; Yan
and Jin, 1997; Wang, 2001; Ma et al., 2013).

Second, a High Geothermal Background
Characterized by a High Geothermal
Gradient and Hydrothermal Effects

All 13 small-scale petroliferous basins have a paleo-
geothermal gradient or geothermal gradient more
than 3°C/100 m (>33.6°F/100 ft) and can be treated
as hot basins (Table 2). There are positive correla-
tions between high geothermal fields and the exis-
tence of high-quality source rocks in these basins
(Table 2).

It is suggested that a high geothermal back-
ground for hydrocarbon accumulation in these
basins is significant. First, as discussed above, the
high geothermal gradient is a benefit to the matu-
ration of the source rocks. Second, considering that
the geothermal field in a basin is mainly controlled
by deep underground factors, it is suggested that a
high paleogeothermal gradient probably indicates
deep structural activity, which can lead to hydro-
thermal activity (Hyndman et al., 1968; Hu et al.,
2000; Qiu et al., 2004), and the hydrothermal ac-
tivity can significantly contribute to blooms of mi-
croorganisms and enrichment of organic carbon in
source rocks. This claim can be supported by the
following: investigations have shown that microor-
ganisms commonly bloom around deep-sea hydro-
thermal vents in present-day oceans because of the
upward migration of deep energy and nutrients
(Prieur, 1997); the microorganisms in the deep sea
with hydrothermal vents and in the deep sea without
hydrothermal vents differ by one to three or-
ders of magnitude (Karl et al., 1980; Lein et al.,
1993). In addition, these microorganisms exhibit
very high productivity for converting carbon di-
oxide to organic carbon (Dover, 1988; Zierenberg
et al., 2000; Dubilier et al., 2001).

The hydrothermal effect was confirmed in some
of the small-scale petroliferous basins. For example,
the main source rocks in the remnant Jiuxi and
Santanghu Basins that were deposited in deep and
semideep lacustrine facies were also accompanied by
white smoker-type hydrothermal sedimentary rocks
(exhalite dolomites), indicating that the development
of the source rocks was closely related to the activity
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of deep hydrothermal fluids (Zheng et al., 2003;
Wen, 2008; Liu et al., 2010; Li et al., 2012). It is
generally considered that the active tectonic envi-
ronments, including the deep asthenospheric up-
welling and active faulting, are beneficial to the
upward migration of deep energy and nutrients
(Lister, 1980; Turcotte and Schubert, 2002; Davies
and Smith, 2006). Therefore, although direct evi-
dence for hydrothermal effects has not been found in
other small-scale petroliferous basins, we suggest,
theoretically, that deep hydrothermal activity is com-
mon in all types of small-scale petroliferous basins.
For thermal basins (e.g., the Nanxiang Basin), be-
cause of the influence of deep asthenospheric up-
welling, the hydrothermal effects could easily occur.
The small strike-slip basins that form and develop in
strike-slip fault systems extend deeply downward
and have significant and deep structural effects that
facilitate the upward migration of deep energy and
nutrients.

Note that white smoker-type hydrothermal sed-
imentary rocks are widely distributed in the remnant
Jiuxi and Santanghu Basins (Zheng et al., 2003;
Wen, 2008; Liu et al., 2010; Li et al., 2012), indi-
cating that the hydrothermal activity can be wide-
spread. In addition, this claim can be supported by
the situation in some modern lakes. For example,
there are approximately 200 hot springs that are
widely distributed in the Bogoria Lake of the East
African Rift system, significantly contributing to
the blooming of blue-green algae and other micro-
organisms in this lake (Renaut and Owen, 1988;
Renaut and Tiercelin, 1994; Krienitz et al., 2003;
McCall, 2010). Furthermore, the occurrence of wide-
spread hydrothermal activity might raise the lake
water temperature (Liu et al., 2014), favoring a high
growth rate of algae (Rengefors et al., 1998; Brunberg
and Blomqvist, 2002) and a decrease in dissolved ox-
ygen content, resulting in a benefit to the deposition
of the source rocks (Allen and Collinson, 1986;
Talbot and Allen, 1996).

It is suggested, therefore, that a high paleo-
geothermal background related to these deep effects
in small-scale petroliferous basins can provide favor-
able conditions for the development of large-scale
high-quality source rocks and the generation of
hydrocarbon.

Third, an Elevated Deep-Lake
Sedimentation Rate during Deposition
of the Source Rock

In marine basins, some researchers suggest that
high-quality source rocks form in condensed sections
where slow sedimentation does not dilute the TOC
(Ibach, 1982; Schulte et al., 2000; Zhang et al., 2005;
Rullkötter, 2006). A sedimentation rate of 20–80
m/m.y. (70–260 ft/m.y.) was suggested to be the best
condition for development of good source rocks in
the marine basin (Qin et al., 2009). However, sta-
tistical analysis indicates an opposite conclusion in
lacustrine basins; that is, excellent source rocks in all
Cenozoic hydrocarbon-enriched lacustrine basins of
China were deposited with a high sedimentation rate
(200–400 m/m.y. [660–1300 ft/m.y.]) (Liu et al.,
2014). Here, it is suggested that the formation of the
source rock under such a high sedimentation rate is
because of the combination of the high subsidence
rate of the lake basin, sufficient depositional supply,
and high biological productivity. In this study, the
sedimentation rates are calculated for source rocks of
proto–small-scale petroliferous basins, showing that
all of them had a high sedimentation rate (>200
m/m.y. [660 ft/m.y.]) (Table 2). Thus, it is
suggested that the high sedimentation rate during
the deposition of the source rocks is another impor-
tant common factor contributing to the formation of
high-quality source rocks in these small-scale petro-
liferous basins.

Furthermore, one issue should be clarified here.
These calculated sedimentation rates are for the
entire interval containing source rocks and without
decompaction correction. In the small-scale petro-
liferous basins, the interval containing source rocks is
mainly large, thick mudstones (i.e., organic-rich in-
terval). For example, near the depocenter of the
Biyang subbasin in the Nanxiang Basin, during the
peak stage of basin development, the thickness of
the organic-rich intervals account for 90% in the
entire interval, and a single layer of the organic-rich
interval commonly has a thickness of 20–30 m
(70–100 ft) (Cheng, 2007; Li et al., 2013; T. Dong
et al., 2015; Y. Dong et al., 2015). Consequently,
these calculated sedimentation rates can be considered
as the sedimentation rate of the organic-rich interval. It
is suggested that such a high sedimentation rate can
avoid the dilution of the TOC (Liu et al., 2014).
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In these basins, the source rocks are mainly large,
thick mudstones deposited in semideep lake environ-
ments, indicating a sedimentation rate lower than or
equal to the subsidence rate (Carroll and Bohacs,
1999). Thus, according to the classification of lake
basins proposed by Carroll and Bohacs (1999), these
basins belong to underfilled and balanced-filled lake
basins, which benefit the formation and preservation
of organic matter (Carroll and Bohacs, 2001). The
high sedimentation rate (but lower than or equal to the
subsidence rate) makes the lake water maintain a
deep-lake setting. Continuing rapid sedimentation in
semideep lakes together with a microorganism bloom-
ing lead to a greater thickness of good source rock in
small-scale sedimentary basins and, therefore, suffi-
cient volume to sustain the formation of oil fields. In
addition, rapid sedimentation of source rocks is
beneficial to prevent the oxidation of organic matter
after deposition (Demaison and Moore, 1980; Liu
et al., 2014). In this study, the Biyang subbasin in the
Nanxiang Basin and the Luxiang subbasin in the
Yitong Basin had higher sedimentation rates during
source rock deposition than the other subbasins
in the Nanxiang and Yitong Basins, respectively
(Table 2); this is probably one of the reasons that
caused the two subbasins to have greater hydrocar-
bon accumulations.

For some other small-scale basins without hy-
drocarbon occurrences, they usually either had a low
sedimentation rate (<100 m/m.y. [330 ft/m.y.]) or
had a high sedimentation rate without the presence
of a semideep lake environment, both of which are
required. The Mesozoic Jiaolai and Hefei Basins lo-
cated in the Tan–Lu strike-slip fault zone of eastern
China (Zhu et al., 2012) are examples of this situ-
ation. During most periods of development of the
two basins, a sedimentation rate higher than sub-
sidence rate led to development of coarse sediments
and an absence of source rocks (Chen et al., 2004;
Liu et al., 2006), indicating an overfilled lake basin
with poor source rocks (Carroll and Bohacs, 1999,
2001); whereas during some periods of the two basin
histories, an underfilled lake developed with deep-
lake deposition characterized by dark mudstone.
Unfortunately, a low sedimentation rate (<100 m/m.y.
[330 ft/m.y.]) limited their volume (Chen et al.,
2004; Li et al., 2007), and thus no hydrocarbons have
been found so far in either basin. Another example
for this situation is Ridge Basin in California, which is

characterized by one of the world’s highest sediment
accumulation rates (~2000 m/m.y. [~6600 ft/m.y.])
(Link and Osborne, 1982). This basin is a wedge-
shaped trough 15 by 40 km (9 by 25 mi), which was
formed in a wrench-fault setting and filled with ap-
proximately 13,000 m (~44,000 ft) of marine and
nonmarine sedimentary rocks (Link and Osborne,
1982). However, the sedimentary facies in this basin
are mainly alluvial and fluvial facies, and the water
depth in the basin was shallow (Link and Osborne,
1978, 1982; Link, 1984, 2003), resulting in poor
deep-lake sedimentation and absence of petroleum
source rocks.

As mentioned above, at present, there is no
worldwide standard definition for a small-scale pet-
roliferous basin. Thus the classification boundary of
20,000 km2 (7722 mi2) proposed via statistical data
from Chinese sedimentary basins might not be ap-
plied outside of China. However, it is suggested that
the classification scheme can be applied to the study
of other basins that have a similar origin and evolu-
tionary history as the Chinese small-scale basins.
Nevertheless, characteristics owned by the small-
scale petroliferous basins of China are also well re-
flected by the small basins worldwide. For example,
the Los Angeles Basin in the United States, with an
area of 3760 km2 (14,520 mi2) and a maximum
Upper Cretaceous–Cenozoic sedimentary cover of
9400 m (30,800 ft) (Biddle, 1991; Wright, 1991;
Yeats and Beall, 1991; Li, 2011) and the series of
basins that are found in the central African shear zone
(Browne and Fairhead, 1983; Fairhead and Green,
1989; Jorgensen and Bosworth, 1989; Eyike et al.,
2010; Yu et al., 2013; Xiao et al., 2014), in-
cluding the Bongor (18,000 km2 [7000 mi2]),
Doba (36,000 km2 [13,900 mi2]), Doseo (20,000
km2 [7700 mi2]), and Khartoum (20,000 km2 [7700
mi2]) Basins.

CONCLUSIONS

In China, there are more than 300 small-scale sedi-
mentary basins with areas less than 20,000 km2

(<7700 mi2). Of these, 13 small-scale petroliferous
basins are known, with some of these exhibiting high
HPUA values. Based on their common characteris-
tics and causes for small size, these small-scale
petroliferous basins can be divided into two types:
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remnant and proto–small-scale basins. Remnant
small-scale basins are present-day small basins that
are the remains of larger basins, which retained ef-
fective hydrocarbon source rocks developed during
the peak stage of larger basin development. The
source rocks generated hydrocarbons during reburial,
providing a basis for hydrocarbon accumulation in
these basins; their small size was entirely caused by
later tectonic modifications and erosion. In contrast,
the proto–small-scale basins maintain a small size
during their entire history; either they did not ex-
perience significant tectonic modification and ero-
sion or their old basin was a small-scale basin before
tectonic modification and erosion—their small size
was related to their formation dynamics. Further-
more, according to the difference of their formation
processes, the proto–small-scale basins are classified
into two subtypes, thermal and strike-slip basins.
Thermal basin formation and evolution are reflective
of a deep thermal origin (i.e., there is direct or in-
direct evidence for the existence of asthenospheric
upwelling, which led to basin formation); because
of the effect of deep asthenospheric upwelling,
they usually had special evolutionary processes and
complex tectonic characteristics accompanied by a
higher geothermal gradient. Strike-slip basin forma-
tion was closely related to activity on large strike-
slip fault systems. These strike-slip basins had high
sedimentation rates, show abrupt lateral and ver-
tical facies changes, have a high geothermal field,
have significant segmentation of the basin frame-
work and geological characteristics, and experi-
enced a complex evolutionary process that includes
synchronous construction and modification.

Although there are some different factors con-
tributing to hydrocarbon accumulation in the different
types of small-scale petroliferous basins, the same
prerequisites are needed for hydrocarbon enrich-
ment (i.e., the geological conditions and tectonic
environments are beneficial to the deposition and
maturation of high-quality source rocks). Three com-
mon key factors contributed to hydrocarbon accu-
mulation in these small-scale petroliferous basins:
(1) a modification process that benefits the preser-
vation and maturation of high-quality source rocks
(i.e., uplift and erosion without destruction of the
source rocks followed by basin reburial), (2) a high
geothermal background characterized by a high
geothermal gradient and hydrothermal effects, and

(3) an elevated deep-lake sedimentation rate (>~200
m/m.y. [>~660 ft/m.y.]) during deposition of the
source rocks within underfilled and balanced-filled
lakes. The other small-scale sedimentary basins with-
out hydrocarbon occurrences in China usually do
not have the combination of the three characteris-
tics. These three factors are also common to the
large-scale petroliferous lacustrine basins in China.

Finally, we note that the basic characteristics of
small-scale Chinese petroliferous basins are universal
and can be found all over the world. Thus, this study
provides both a theoretical foundation and a series of
reference examples for hydrocarbon exploration of
similar small-scale basins worldwide.
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