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Abstract: The pre-Jurassic in the north depression of the Tuha depression is the most favorable
replacement strata to obtain new reserves in the Turpan–Hami Basin. (Pre-Jurassic, in this paper,
refers to the Permian and Triassic.) The main source rocks are the Taodonggou Group, of which the
burial history and hydrocarbon generation potential remain unconfirmed. The investigation of the
burial and thermal history is vital for the basin analysis and hydrocarbon exploration. Therefore, in
this paper, by using the acoustic time difference method, vitrinite reflectance method, stratigraphic
trend method and PetroMod-1D software, the differential characteristics of denudation thickness,
burial history and thermal evolution history of different tectonic units in different periods of Taibei
Sag in the Turpan–Hami basin are studied, and their influence on the petroleum system is analyzed,
and then the zones with exploration potential are optimized. The results show that the Taibei Sag has
experienced multiple tectonic uplift events. The Late Indosinian movement has profound effects on
the Taodonggou Group source rocks. The rather large uplift amplitude postpones the maturation
of source rocks. In addition, the Turpan–Hami Basin is a typical cold basin. Therefore, the thermal
maturity of the source rocks is relatively low, with respect to the relatively deep burial. The thermal
histories of the different sub-sags in the study area are slightly differentiated from each other. The
Taodonggou Group source rocks in the Taibei Sag generally became mature during the Mid–Late
Jurassic epoch, except for those in the Central–Southern Shanbei sub-sag, represented by Well LT-1,
which reached the mature stage during the Late Triassic epoch. The study area has well-developed
reservoir rocks, and effective reservoir bodies are formed in the slope zone and near the Tainan Sag,
due to the higher porosity and permeability of reservoir rocks. The statistics related to the faults and
an analysis of the structural styles of oil reservoirs indicate that the structural slope and anticline
of the Huobei, Lianbei and Shanbei sub-sags are favorable for increasing reserves and production
of hydrocarbons.

Keywords: Turpan–Hami Basin; Taibei Sag; pre-Jurassic; Taodonggou Group; burial history; thermal
history; favorable area; petroleum system

1. Introduction

The burial history and thermal history evolution process of the hydrocarbon source
rock series have become the research focus in the field of earth science. The burial history in-
cludes the sedimentary burial and uplift denudation of the strata and the thermal evolution
history experienced in the geological history period [1]. These two aspects are particularly
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important for the study of source rocks because they not only restrict the generation time
of oil and gas but also control the equivalent of oil and gas discharge. This study has been
carried out in many petroliferous basins in the world. Examples include a study of the
Upper Cambrian and/or Temadokian, Upper Ordovician and Lower Silurian source rocks
in the Western Baltic region; a study on the thermal history of burial history of Cretaceous
source rocks in the Villa Cruz Basin, Mexico; and the Phanerozoic burial and erosion model
inside the North American Craton. Therefore, the development of this work is particularly
important [2,3]. The petroleum systems in the Tabei Sag are completed. The petroleum
systems of different sub-sags are varied, and the processes governing hydrocarbon accu-
mulation are unclear. Therefore, it is necessary to construct the differential burial–thermal
history of the Permian Taodonggou Group to clarify the differentiation characteristics of
the petroleum systems of different sub-sags [4–6]. By far, over 10 exploration wells have
been deployed for the pre-Jurassic of the Tabei Sag, and among them, fewer than 6 wells
encounter the Taodonggou Group source rocks. The Taodonggou Group source rocks in
the Taibei Sag are identified as mature source rocks having high hydrocarbon generation
capacities—the content of TOC (Total Organic Carbon), chloroform bitumen A and hy-
drocarbon generation potential are 0.67%–8.54%, 0.075%–0.8767% and 0.62–66.92 mg/g,
respectively, and the organic matter is predominantly Type-II2 and III, with the vitrinite
reflectance (Ro) of 1.04 Ro%–1.38 Ro% [7,8]. The restoration of erosion thickness is the
basis and key to studying the thermal history of the basin. Many effective methods have
been developed by predecessors [9]. The methods used in the early stage are mainly the
stratigraphic correlation method, deposition rate method, acoustic time difference method,
vitrinite reflectance method and wave equation method. Through repeated modifications,
these methods have been further expanded and improved [10]. Hence, in this research,
the structural uplifting and erosion thickness of the Taibei Sag during each period of the
geologic history were quantified, and the burial–thermal history of representative explo-
ration wells in the Taibei Sag was restored using PetroMod (Schlumberger) [11,12]. Burial
history and thermal history control the time of hydrocarbon generation and expulsion of
hydrocarbon source rocks. They are the most important parameters for hydrocarbon source
rock evaluation and dynamic hydrocarbon accumulation in petroliferous basins, and they
also point out the direction for further oil and gas exploration [13,14].

2. Geological Setting

The Turpan–Hami Basin is an important petroliferous basin in China, located in
the eastern part of the Xinjiang Uygur Autonomous Region. Structurally, it lies in the
Southwestern Central Asian Orogenic Belt, sandwiched by the Bogeda Mountain and
Jueluotage Mountain. Since the Jurassic Period, the basin evolution is closely related
to the Bogeda Mountain, and now, the basin presents the characteristics of the foreland
basin [15–21]. The study area, Taibei Sag, mainly lies in the Turpan Depression of the basin.
The Taibei Sag extends from the Kalawucheng Mountain in the west to the Taoergou in the
east, and from the Bogeda Mountain in the north to the Jueluotage Mountain in the south.
The sag, generally a square, covers about 2.5 × 104 km2 [22].

By the end of 2018, the Turpan–Hami Basin obtained industrial oil and gas flow in
five sets of strata in the Permian, Triassic, Jurassic, Cretaceous and Paleogene. Eight plays
were identified in the Tabei, Tuokexun and Sanbao Sags, including Qiuling–Wenjisang,
Pubei–Yanmuxi, Shengbei–Honglian, Hongtai–Gedatai, Qiquanhu–Shanle, Huoyanshan
(the Mountain of Flames)–Keqitai, Lukeqin, Yilahu and Sidaogou. Twenty oil and gas fields
have been discovered and proved, and the proved oil and gas equivalent is about 5.4 × 108

tons [23–25]. The proved rate of oil and gas resources in Taibei Sag is more than 40%, and
the proved rate of remaining oil and gas resources in Permian is only 16.72%. The maturity
of Taodonggou Group in Tainan sag is low, and the maturity of Taodonggou Group in
Taibei Sag is mature (Figure 1), which has a strong hydrocarbon generation ability [26].
The maturity of the Taodonggou Group in the Tainan Sag is relatively low, and yet the
Taodonggou Group in the Taibei Sag is mature and possesses a high hydrocarbon generation
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capacity. The Permian Wutonggou Formation and the Triassic Karamay Formation are the
main reservoir rocks for the lower petroleum system. The cap rocks are predominantly the
Jurassic coal-forming rocks and mudstone (Figure 2) [27,28].
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3. Methodology

The data of this research included seismic data, well logging data and core data. Specif-
ically, the well logs and geochemical data of eight wells and data of six two-dimensional
(2D) seismic survey lines related to the wells of interest were incorporated. Numerous
approaches have been developed to calculate the erosion thickness. Given the data of
the study area, the erosion thickness was calculated mainly via the seismic horizon trend
correlation approach, assisted by the mudstone interval transit time approach and the
vitrinite reflectance approach [29,30].

The general strategy is shown as follows: The erosion thickness of each layer in a
well was restored using the vitrinite reflectance approach and mudstone interval transit
time approach. Then, with the known erosion thickness of a specific period for a well,
the formation erosion thicknesses of other wells during the same period were inferred
via the seismic stratigraphic trend correlation approach [31]. On the basis of the clarified
conformity/unconformity and erosion types, the formation erosion thickness across the
study area was restored by extending the trend of the formation erosion thickness [32].

3.1. Acoustic Interval Transit Time Approach

Formations are eroded, and yet the standard exponential correlation between the
interval transit time of rocks and depth remains unchanged. Therefore, the corresponding
profile can be fitted and plotted by analyzing the related interval transit time data. This
method is suitable for the estimation of denudation thickness of unconformity surface with
shallow burial depth and small denudation strength. Another premise of this approach is
that the overburn pressure imposed on old formations by new sediments is lower than that
before denudation, meaning that the compaction of formations below the unconformity
remains the same [33,34].

3.2. Vitrinite Reflectance Approach

The principle of this method is based on the difference of vitrinite reflectance (Ro)
between the upper and lower strata of the unconformity surface. The specific method is to
make the stratum Ro line under the unconformity surface intersect with the unconformity
surface and extend the line to the depth where the Ro value is equal to the bottom interface
value of the underlying stratum. [35,36]. The difference in height is the erosion thickness
(right in Figure 3). The Ro change between this point and the unconformity surface is
discontinuous. This method is quantifiable and easy to perform, so it is widely used
in erosion thickness restoration. However, Dow ’s vitrinite reflectance method ignores
the influence of secondary burial, which is the factor affecting the vitrinite reflectance.
Therefore, the calculated denudation thickness is the minimum denudation thickness of
the formation [17–41].

3.3. Stratigraphic Trend Correlation Approach

Regionally, a specific sedimentary layer features a certain pattern in terms of its planar
distribution of deposition thickness. As shown in Figure 4, wells in which the sedimentary
layer is not denuded or the erosion thickness of this layer is easy to calculate, in accordance
with drilling data and seismic data, are selected as the reference wells. Then, the formation
erosion thickness is tracked and computed as per the stratigraphic trend. As long as a
seismic profile is available, this approach is practicable, with high applicability and yet
a flaw of high lateral variation of the calculation results [32,42–44]. In Figure 4, H0-H0

′

represents the erosion thickness in the B zone, and H0-H, that in the C zone.

3.4. PetroMod Simulation Technique

One-dimensional PetroMod (Schlumberger/Aachen Technology Centre) was used to
model the burial history and thermal history of Wells YT-1, LT-1, QS-1, L-30, SK-1, K-28, PT-
1 and YB-1. Based on the wells, the process with which the sedimentary basin was modeled
to reveal the laws governing the formation and evolution of oil and gas reservoirs and
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guide hydrocarbon exploration [45]. The input data include the geochronology, formation
thickness, erosion thickness, etc. The ages of sedimentary and denudation events were
dated in accordance with the geological timescale developed by Zhou Wenhao and Wu
Yanjie et al. [32,41].
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The reliability of basin modeling results depends on the selection and input of key
parameters. The inputs required by the model include the stratigraphy (lithology, thickness
and age), tectonic events (unconformity, denudation and deposition interruption), source
rock geochemistry (TOC, HI and hydrocarbon generation kinetic model) and boundary con-
ditions (paleo-water depth, paleo-heat flow and water–rock interface temperature) [46,47].

4. Results
4.1. Restoration Results of Erosion Thickness

The Turpan–Hami Basin is found with three major events of uplift and denudation,
namely the Late Indosinian (at the end of the Permian Period), Middle and Late Yanshanian
(at the end of the Jurassic and Cretaceous Periods, respectively) and Himalayan (during
the Mesozoic Era). These four tectonic movements occur in different locations and have
different effects [40,48–50]. The process and results of the erosion thickness restoration are
presented below:
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The schematic diagrams illustrating the erosion thickness restoration process of some
of the wells of interest are presented below. The restoration integrated the mudstone interval
transit-time approach, vitrinite reflectance approach and stratigraphic trend approach [51].

Figure 5 shows how the formation erosion thickness is restored using the mudstone
interval transit time approach and vitrinite reflectance approach. The erosion thickness
of the Middle Yanshanian uplift for Well QS-1 is 200 m (Figure 5a), and the function of
the fitting curve is y = −1.92∆t + 1165. The erosion thickness of the Early Himalayan
uplift for Well L-30 is 449 m, and the function of the fitting curve is y = −1.36∆t + 2292
(Figure 5c). The erosion thickness of the Late Himalayan uplift for Well L-30 is 380 m, and
the function of the fitting curve is y = −2.5∆t + 1850 (Figure 5d). The erosion thickness of
the Late Himalayan uplift for Well K-28 is 466 m, and the function of the fitting curve is
y = −1.45∆t + 1004 (Figure 5e). The erosion thicknesses of the Late and Early Himalayan
uplift for Well LT-1 are 174 m and 279 m, respectively, and the corresponding functions of
the fitting curves are y = −0.9∆t + 732 and y = 0.85∆t + 1408 (Figure 5f,g). As per Zhou
Wenhao, the interval transit time, ∆t, for the uncompacted mudstone in the Taibei Sag
is 620 µm/s. For Well PT-1, the vitrinite reflectance approach was used to calculate the
erosion thickness attributed to the Middle Yanshanian uplift (Figure 5b)—the calculated
erosion thickness is 402 m, and the function of the fitting curve is y = 1193.1Ln(Ro) + 4816.2.
Similarly, for Well SK-1, the erosion thickness of the Late Indosinian uplift is estimated to
be 1129 m, and the function of the fitting curve is y = 500Ln(Ro) + 4520.
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(a) The erosion thickness of the Middle Yanshanian uplift for Well QS-1 is 200 m. (b) For Well PT-1,
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the vitrinite reflectance approach was used to calculated erosion thickness is 402 m. (c) The erosion
thickness of the Early Himalayan uplift for Well L-30 is 449 m. (d) The erosion thickness of the Late
Himalayan uplift for Well L-30 is 380 m. (e) The erosion thickness of the Late Himalayan uplift for
Well K-28 is 466 m. (f,g) The erosion thicknesses of the Late and Early Himalayan uplift for Well LT-1
are 174 m and 279 m, respectively. (h) For Well SK-1, the erosion thickness of the Late Indosinian
uplift is estimated to be 1129 m.

Figure 6 illustrates how the formation erosion thickness is restored via the seismic
stratigraphic trend correlation approach. Figure 6a is the seismic profile across Well PT-1
(north) to Well YT-1 (south). As the erosion thickness of the Middle Yanshanian uplift
for Well PT-1 is known to be 402 m, that of Well YT-1 is estimated to be 499 m. Similarly,
for the Late Yanshanian uplift, the erosion thickness of Well PT-1 is 595 m, and that of
Well YT-1 is thus estimated to be 450 m. The north–south seismic profile across Well K-28
(projection)–LT-1 (projection)–SK-1 (projection) is shown in Figure 6b. The erosion centers
of both the Triassic and Cretaceous are located in the proximity of Well Lingtan-1, and the
formations thicken toward both the north and south. Nonetheless, the deposition center
of the Jurassic is located at Well Lingtan-1, and the formation thins toward the northern
piedmont zone and Well SK-1 (in the south). Accordingly, for the Late Indosinian uplift, the
erosion thicknesses along Wells SK-1–LT-1–K-28 are 1129 m (reference well), 1223 m and
958 m, respectively. For the Middle Yanshanian uplift, the erosion thicknesses along Wells
SK-1–LT-1–K28 are 1124 m (reference well), 918 m and 1002 m, respectively. For the Late
Yanshanian uplift, the erosion thicknesses along Wells LT-1–SK-1–K-28 are 620 m, 578 m
(reference well) and 525 m, respectively. Figure 6c represents a north–south seismic profile
along Wells YT-1 (projection)–YB-1. For the Late Indosinian uplift, the erosion thicknesses
on the northern and southern sides of the Mountain of Flames (Huoyanshan) are consistent.
The erosion thickness of Well YT-1 at this time is 988 m, while that of Well Yubei-1 is 1024 m.
For the Middle Yanshanian uplift, the erosion thickness is higher on the southern side of
the Mountain of Flames, and the Kalazha Formation is completely denuded. At this time,
the erosion thickness of Well YT-1 is 499 m, and that of Well Yubei-1 is 743 m. For the
Late Yanshanian uplift, the formations thin southward from the Mountain of Flames, and,
therefore, the erosion thickness is increased. At this time, the erosion thickness of Well
Yutan-1 is 450 m (reference well), and that of Well Yubei-1 is estimated to be 721 m.

The planar differentiation of the erosion thickness during different tectonic events of
the Taibei Sag is shown in Figure 7. During the Late Indosinian movement, the formation
erosion across the Taibei Sag was characterized by low intensity in the north and high
intensity in the south and low intensity in the east and high intensity in the west. The
average erosion thickness of the Shanbei area is up to over 1000 m. For the Middle
Yanshanian uplift, the formation erosion across the Taibei Sag is generally weak in the east
and strong in the west. The erosion thicknesses of the Shengbei and Huobei sub-sags are
lower than 500 m, while those of the Lianbei and Shanbei sub-sags are above 700–1000 m.
During the Late Yanshanian movement, the formation erosion across the Taibei Sag was
intensive in the southern and northern parts, and it was relatively weak in the central sag.
At this time, the formation erosion in the southern sag is stronger than that in the northern
sag. For the Early Himalayan movement, the erosion thickness was small across the Taibei
Sag, on an overall basis. The formation erosion also features high intensities in the southern
and northern parts and low intensity in the central parts of the sag. Except for the piedmont
zone, the erosion thicknesses are all below 550 m. During the Late Yanshanian movement,
the erosion thickness was generally small across the Taibei Sag and characterized by high
values in the east and low values in the west. The erosion thickness of the study area is
100–500 m at this time.
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Figure 6. Schematic diagram of restoring the formation erosion thickness across the Taibei Sag via the
stratigraphic trend approach. (Images were changed in regard to font and clarity.). (a) Seismic profiles
of PT 1 and YT I Wells were passed. (b) Seismic profiles of SK 1 (Projection) and K 28 (Projection)
Wells were passed. (c) Seismic profiles of YB 1 and K 28 (Projection) Wells were passed.
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4.2. Burial History

The burial history refers to the burial depth variation of sequences/layers in a sedi-
mentary unit or a series of units from the beginning of the sedimentation to now or within
a specific geological period. It includes events such as deposition interruption denuda-
tion and faulting [48,52,53]. In this research, the back-stripping approach available in
the PetroMod software was used for the modeling and restoration of the basin’s burial
history. The back-stripping technique, based on the sedimentation and compaction the-
ory, is commonly applicable to formations of normal compaction. In accordance with the
stratigraphic parameters of wells, it incorporates the effects of geological events such as
compaction, over-pressurization, uplift and denudation and faulting, and it restores the
formation thickness, layer by layer, up toward to the surface for each geological historic
period. Finally, the profile between the geological age and burial depth in wells is obtained.
The burial history was reconstructed using the 1D PetroMod simulator, and the necessary
inputs are stated above. The modeling results of eight wells in different sub-sags are shown
below (Figure 8).

4.3. Thermal History

Thermal history is a very important concept in the field of geology, especially for
basin modeling, as it affects hydrocarbon generation. The precision of the thermal history
restoration is of utmost importance for understanding hydrocarbon generation. The in-
vestigation of the structural–thermal evolution of a basin reveals the characteristics of the
geothermal field of the basin at different evolution stages and also effectively constrains
the kinetics and structural attributes of the basin during a specific geological evolution
stage [18,45]. Previous studies have constituted a thorough study and presentation of the
thermal history of the Turpan–Hami Basin. The characteristics of the geothermal field and
thermal evolution pattern are basically clarified. It is indicated that the Turpan–Hami Basin
has been cooling down since the Carboniferous Period, which is vital for restoring the
thermal history of the basin [17,41,49,54,55].
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Figure 8. Reconstructed burial history of wells in the Taibei Sag. (a) burial history, QS 1. (b) burial
history, PT 1. (c) burial history, YT 1. (d) burial history, K 28. (e) burial history, YB 1. (f) burial history,
L 30. (g) burial history, SK 1. (h) burial history, LT 1.

Table 1 summarizes the values of heat flow (densities) in different sags of the Turpan
Depression of the Turpan–Hami Basin during different periods. This is based both on
previous studies and the findings of this study.
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Table 1. Earth heat flow in three major sags of the Turpan–Hami Basin [36] (modified from Chen et al.).

Formation
Heat Flow (mW/m2)

Time (Ma)
Toksun Taibei Hami

R + Q (Cenozoic) 29.98 34.50 39.45 65
K (Cretaceous) 34.92 36.48 42.52 140

J3 (Upper
Jurassic) 32.72 38.44 40.18 154

J2 (Middle
Jurassic) 38.64 42.81 40.76 175

J1 (Lower
Jurassic) 39.59 43.76 40.76 203

T (Triassic) 39.78 44.64 45.28 240
P (Permian) 41.08 52.4–56 46.30 260

The workflow to reconstruct the thermal history is presented below (Figure 9). The heat
flow (density) is a comprehensive thermal parameter representing the regional geothermal
status and defined as the heat released from a unit area of the Earth’s surface per unit
time [56–58].
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The Figure 10 is the simulation results of thermal history of typical single wells in
different sub-sags:
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(e) thermal history, K 28. (f) thermal history, LT 1. (g) thermal history, SK 1.

Figure 11 shows the comparison and verification of single-well geothermal–thermal
simulation results and measured maturity in the Shengbei, Huobei, Lianbei and Shanbei
sub-sags of Taibei Sag. Among them, the fitting results of the PT-1 Well, K-28 Well, LT-1
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Well and SK-1 Well are good, and the fitting results of the QS-1 Well, YT-1 Well and L-30
Well are good. This shows the reliability of the fitting results.
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5. Discussion
5.1. Differentiation of the Burial–Thermal History among Different Sub-Sags

As indicated by Figure 10, the burial history across the Turpan–Hami Basin is fairly
identical, with the exception of slight differences. However, the burial history of each
sub-sag is differentiated, compared with that of another. With respect to the spatial scale,
this research clarifies the characteristics of the burial–thermal history differentiation among
different sub-sags in the Turpan–Hami Basin. The formation subsidence and erosion rate
can be derived from the slope of the burial plot. Since the Mid–Late Permian epoch, the
Taibei Sag has been through several tectonic periods, namely the Late Hercynian, Early
Indosinian, Late Indosinian, Yanshanian and Himalayan movements. It should be noted
that the effects of the Late Hercynian and Early Indosinian tectonic uplift on the Taibei Sag
can be neglected [33,48,50]. Well QS-1 represents the Shengbei sub-sag; Wells PT-1 and
YT-1 represent the Huobei sub-sag; Well L-30 represents the Lianbei sub-sag; and Wells
K-28, LT-1 and SK-1 represent the Shanbei sub-sag.

5.1.1. Shengbei Sub-Sag

The Shengbei sub-sag is located in the Northwestern Taibei Sag and is represented by
Well QS-1. From the deposition of the Permian Taodonggou Group to the Late Indosinian
movement, the study area subsided constantly (Figure 10a). During this period, the
deposition rate of the Shengbei sub-sag was 30 m/Myr, and the uplift rate during the Late
Indosinian movement was 55 m/Myr. From the end of the Late Indosinian movement
to the Middle Yanshanian movement, the study area subsided rapidly, and it received
ultra-thick sediments during the Jurassic Period. The sediments in the Taibei Sag reach
about 5000 m in thickness, and the deposition center is located at the Shengbei sub-sag near
the northern piedmont zone (Figure 6). The southern part has evolved into a slope dipping
northward since the Indosinian movement. During this period, the deposition rate of the
Shengbei sub-sag is about 85 m/Myr, and the uplift rate is 70 m/Myr. Figure 10a shows
that the source rocks of the Permian Taodonggou Group in the Shengbei sub-sag became
mature (Ro = 0.5%) at about 163 Ma and started early oil generation, corresponding to the
threshold depth of about 3500 m. From the end of the Middle Yanshanian movement to the
Late Yanshanian movement, the deposited formations were mainly the Cretaceous Tugulu
Group and Kumutake Formation. Due to the Late Yanshian movement, the Kumutake
Formation in the Taibei Sag was almost completely denuded, and a part of the Tugulu
Group was also eroded. During this period, the deposition rate of the Shengbei sub-sag
was about 12 m/Myr, the uplift rate was 25 m/Myr and the deposition rate of the piedmont
zone was slightly lower than that of the southern zone. From the end of the Late Yanshanian
movement to the Cenozoic Early Himalayan movement, the deposited formations were
mainly the coarse-grained clastic rocks of the Paleogene Shanshan Group, with an average
total thickness of about 400–700 m. Yet, about 150–550 m of the Shanshan Group was eroded
due to the Early Himalayan movement. The erosion intensity varies in different sub-sags.
During this period, the deposition rate of the Shengbei sub-sag was about 60 m/Myr, and
the uplift rate was about 40 m/Myr. The maturity of the organic matter of the Permian
Taodonggou Group in the Shengbei sub-sag reached 0.9%, indicating the arrival of the
medium maturation stage. From the Early Himalayan movement to the Late Himalayan
movement, the sandstone and sandy mudstone of the Taoshuyuan Formation and the
mottled conglomerate of the Putaogou Formation were deposited. Then, the alluvial
conglomerates of the Quaternary Xiyu Formation were deposited in a differentiated way
after the Late Yanshanian tectonic movement; during this period, the deposition rate of the
Shengbei sub-sag was about 10 m/Myr, and the uplift rate was 40 m/Myr.

5.1.2. Huobei Sub-Sag

The Huobei sub-sag is located in the Southwestern Taibei Sag and is represented by
Wells YT-1 and PT-1. The regional structural evolution history is characterized using the
drilling data and modeling results. As shown in Figure 8b,c and Figure 10b,c, the study
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area subsided continuously after the deposition of the Permian Taodonggou Group and up
until the occurrence of the Late Indosinian movement, after which the study area uplifted.
During this period, the deposition rate of the Huobei sub-sag was 45–50 m/Myr, and the
uplift rate was 110 m/Myr. Well YB-1 lies in the southern part of the Huobei sub-sag and
shows a deposition rate of over 55 m/Myr and an uplift rate of 150 m/Myr. Therefore, in
view of the whole Huobei sub-sag, the deposition and uplift rates are both larger in the
southern part, representing a deeper water depth and more intensive uplift of the lake basin
during this deposition period. From the end of the Late Indosinian movement to the Middle
Yanshanian movement, specifically during the Jurassic rapid subsidence, the deposition
rate of the Huobei sub-sag was about 75–80 m/Myr, and the uplift rate was 80 m, Ma. For
Well YB-1 in the Southern Huobei sub-sag, the deposition rate is lower than 40 m/Myr, and
the uplift rate is 60 m/Myr. The Permian Taodonggou Group source rocks in the Huobei
sub-sag became matured (Ro = 0.5%) at 153 Ma and entered the early oil generation stage,
corresponding to the threshold depth of about 3200–3500 m. From the end of the Middle
Yanshanian movement to the Late Yanshanian movement, the deposition rate of the Huobei
sub-sag was about 25 m/Myr, and the uplift rate during the Late Yanshanian movement
was 30–40 m/Myr. From the end of the Late Yanshanian movement to the Cenozoic Early
Himalayan movement, the deposition rate of the Huobei sub-sag was about 25 m/Myr,
and the uplift rate was 25–40 m/Myr. From the end of the Early Himalayan movement
to the Late Himalayan movement, the deposition rate of the Huobei sub-sag was about
41 m/Myr, and the uplift rate during the Late Himalayan movement was 80–100 m/Myr.

5.1.3. Lianbei Sub-Sag

The Lianbei sub-sag lies in the Central Taibei Sag and is represented by Well L-30. The
study area constantly subsided from the deposition of the Permian Taodonggou Group
to the Late Indosinian movement, and the Lianbei, Huobei and Shengbei sub-sags share
the same sedimentary history (Figures 8f and 10d). During this period, the deposition
rate of the Lianbei sub-sag was about 45 m/Myr, and the uplift rate attributed to the
Late Indosinian movement is 100 m/Myr. After the Late Indosinian movement, the study
area started to receive sediments again. From the re-deposition to the Middle Yanshanian
movement, the deposition rate of the Lianbei sub-sag was about 50 m/Myr, and the uplift
rate attributed to the Middle Yanshanian movement is 67 m/Myr. Moreover, the Permian
Taodonggou Group source rocks in the Lianbei sub-sag reached the mature stage (Ro = 0.5%)
148 Ma and started early oil generation, corresponding to a threshold depth of about 3250 m.
From the end of the Middle Yanshanian movement to the Late Yanshanian movement, the
deposition rate of the Lianbei sub-sag was about 25 m/Myr, and the uplift rate during
the Late Yanshanian movement was about 20 m/Myr (suggesting a slow uplift process).
From the Late Yanshanian movement to the Cenozoic Early Himalayan movement, the
deposition rate of the Lianbei sub-sag was about 30 m/Myr, and the uplift rate attributed
to the Early Himalayan movement is 40 m/Myr. At this time, the organic matter maturity
of the Permian Taodonggou Group source rocks in the Lianbei sub-sag reached 0.8%–1.0%;
in other words, the source rocks entirely entered the medium mature stage. From the end
of the Early Himalayan movement to the Late Himalayan movement, the deposition rate
of the Lianbei sub-sag was about 30 m/Myr, and the uplift rate was 80 m/Myr.

5.1.4. Shanbei Sub-Sag

The Shanbei sub-sag is located in the Eastern Taibei Sag and is represented by Wells K-
28, LT-1 and SK-1 in this research. The regional structural evolution was characterized using
the drilling data and modeling results. Since the deposition of the Permian Taodonggou
Group, the study area continuously subsided until the Late Indosinian movement. The
deposition rate in the Shanbei sub-sag is 35–55 m/Myr, and the rate gradually grows from
north to south. The uplift rate during the Late Indosinian was 100–140 m/Myr in the
Shanbei sub-sag, and this rate, on the contrary, declines from north to south. The period
from the end of the Late Indosinian movement to the Middle Yanshanian movement was
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characterized by the rapid subsidence during the Jurassic period, in which the deposition
rate of the Shanbei sub-sag was 60–75 m/Myr. The uplift rate of the Middle Yanshanian
movement was 20–100 m/Myr, and the uplift rate of the piedmont zone was far lower than
that of the southern part. The Permian Taodonggou Group source rocks in the Shanbei
sub-sag near the piedmont zone became mature about 172 Ma, when they started early
oil generation. The corresponding threshold depth is about 2200 m. From the end of the
Middle Yanshanian movement to the Late Yanshanian movement, the deposition rate of
the Shanbei sub-sag was 12–18 m/Myr, and the deposition rate of the piedmont zone was
slightly lower than the southern part of the Shanbei sub-sag. The uplift rate of the Late
Yanshanian movement is 20–25 m/Myr. From the end of the Late Yanshanian movement to
the Cenozoic Early Himalayan movement, the deposition rate of the Shanbei sub-sag is
24–40 m/Myr, and the uplift rate is 19–45 m/Myr. From the end of the Early Himalayan
movement to the Late Himalayan movement, the deposition rate of the Shanbei sub-sag
was 30–45 m/Myr, and the uplift rate was 40–60 m/Myr.

5.1.5. Summary

The differentiation characteristics of the burial and structural evolution are inves-
tigated for the different sub-sags of the Taibei Sag with respect to the spatial scale and
periods of time. During the Triassic Period, the deposition rate was generally higher in the
Southern Taibei Sag than in the northern sag. During the Middle Yanshanian movement,
the deposition rate of the Taibei Sag was higher in the north than in the south, and also
higher in the east than in the west. The maturation time of the Taodonggou Group source
rocks is also differentiated. The organic matter maturity of source rocks is subjected to
the joint effects of sediment deposition, subsidence, temperature and pressure; thus, the
maturation history of source rocks is varied in different regions. On an overall basis, the
Taodonggou Group source rocks reached the mature stage during the Mid–Late Jurassic
epoch. Nonetheless, those in the central–southern part of the Shanbei sub-sag in the Eastern
Taibei Sag, represented by Well LT1, became mature during the Late Triassic epoch, because
the geothermal gradient in the Eastern Taibei Sag is higher than that in the western sag
and accelerates the maturation of the Taodonggou Group in the Shanbei sub-sag in the
east. During the Late Yanshanian movement, the deposition rate in the Northern Taibei
Sag was lower than that in the southern sag. The Taibei Sag largely reached the maximum
temperature of formations during the Cretaceous period, and the formation temperature
gradually declined due to the subsequent Late Yanshanian movement. The maximum
formation temperature of the Shanbei sub-sag, represented by Wells K-28, LT-1 and SK-1, is
about 150 ◦C. The maximum formation temperature of the Lianbei, Huobei and Shengbei
sub-sags in the west of the Shanbei sub-sag is 120 ◦C–140 ◦C. Before the Late Yanshanian
uplift, the vitrinite reflectance of the Taodonggou Group source rocks in the Taibei Sag is
commonly 0.7 Ro%–1.2 Ro%, and these source rocks are already mature. The Taodonggou
Group source rocks in the Shanbei sub-sag generally have higher maturity. During the Early
Himalayan movement, the deposition rate in the Western Taibei Sag is higher than that in
the eastern sag, while the uplift rate across the sag averages about 40 m/Myr. It is indicated
that the Taibei Sag welcomes rapid burial as the Cenozoic Era comes, and the subsequent
Early Himalayan movement is associated with commonly small erosion thicknesses. The
erosion thicknesses are rather large, over 500 m, on the southern and northern sides of the
Taibei Sag, which may be related to the activity of the Bogeda Mountain. The Himalayan
structural adjustment since the Cenozoic Era results in complicated faulting of formations
and the fault-block structural style. This, on the one hand, may re-adjust the existing oil and
gas reservoirs; and, on the other hand, it can cause the escape of hydrocarbons, thus greatly
increasing the risks and difficulties for hydrocarbon exploration in this basin [48,59–61].
The intensity of the Late Himalayan movement is generally low in the Taibei Sag, and yet
intensive uplift and erosion occur locally, with the erosion thicknesses all above 400 m.
Nearer to the piedmont zone, fewer, if any, Quaternary sediments deposit, which leads to
high difficulties of well logging identification. This demonstrates the intensive adjustment
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of the piedmont zone by the Himalayan movement, which may be directly attributed to
the southward thrusting of the Bogeda Mountain [45,51]. In other words, the eastern part
of the Huobei sub-sag and the northern piedmont zone of the Shanbei sub-sag are highly
adjusted by the Late Himalayan movement, while the maturation characteristics of the
Taibei Sag present no considerable changes during this period.

5.2. Effects of Differentiation of the Burial–Thermal History on Petroleum Systems
5.2.1. Effects on Hydrocarbon Generation Evolution

The characteristics of the Taodonggou Group source rocks in the Taibei Sag are de-
scribed in accordance with the outcrops and cores, respectively. The field outcrop demon-
strates that the Taodonggou Group source rocks are more developed in the northern part
of the Turpan–Hami Basin, and, therefore, it is an educated guess that the center of the
source rocks should be located at the northern deposition center. An investigation of the
outcrop sections, such as Taerlang, Kekeya, Zhaobishan and Qialekan, shows that the TOC
is 0.53%–2.88%, averaging 1.32%; S1 + S2 is 0.02–106.14 mg/g (the Taerlang section presents
the maximum mean value of TOC of 14.4 mg/g); and the content of chloroform bitumen A
is 0.015%–0.28%, with an average of 0.11%. The low content of chloroform bitumen A may
be attributed to the weathering leaching [51,62,63]. In the Taibei Sag, dark grey and grey-
black Taodonggou Group mudstone with thicknesses of 62 m, 49 m and 106 m are revealed
from Wells YT-1 and L-30 newly drilled in the near-sub-sag slope and Well LT-1 in the
Shanbei sub-sag, respectively. The drilling data show that the average TOC of the Taodong-
gou source rocks in the Taibei Sag is 0.67%–8.54%, the content of chloroform bitumen A is
0.075%–0.8767%, and the hydrocarbon generation potential is 0.62–66.92 mg/g. The organic
matter is mainly of Types II2 and III, with the vitrinite reflectance of 1.04 Ro%–1.27 Ro%
suggesting mature source rocks (Table 2). The thermal history modeling of wells suggests
that the Taodonggou Group source rocks in the Taibei Sag generally became mature during
the Mid–Late Jurassic epoch, while those in the central–southern part of the Shanbei sub-
sag, represented by Well LT-1, reached the mature stage during the Late Triassic epoch. The
sustained sedimentation and deep burial during the Jurassic Period lay down an important
basis for the maturation of the Permian Taodonggou Group source rocks. The subsequent
tectonic uplift merely adjusts the existing oil and gas reservoirs.

Table 2. Geochemical data for some wells in the Taibei Sag.

Well Type Lithology TOC/% Chloroform
Asphalt A/% HC/ppm S1 + S2/mg/g Ro/% Tmax

YT-1 Debris Grey-black mudstone 2.34 0.1899 822 4.33 1.08
YT-1 Debris Grey-black mudstone 2.29 3.82 1.10
YT-1 Debris Grey-black mudstone 5.28 0.3351 1088 4.18 1.10

YT-1 Debris
Grey-black

carbonaceous
mudstone

15.23 0.8767 14.95 1.08

YT-1 Debris Dark gray mudstone 0.57 0.6 453
YT-1 Core Dark gray mudstone 1.67 1.96 1.14 454

YT-1 Core
Grey-black

carbonaceous
mudstone

26.34 43.36 1.01 448

YT-1 Core Gray carbonaceous
mudstone 27.78 66.92 1.20 449

YT-1 Core Grey-black mudstone 6.08 0.1815 936 7.16 1.04 454
L-30 Debris Dark gray mudstone 7.44 0.3442 1478 4.66 1.12
L-30 Core Grey-black mudstone 2.32 0.059 193 2 1.23 442
L-30 Core Grey-black mudstone 3.67 0.1175 279 3.72 1.27 443
L-30 Core Dark gray mudstone 3.24 0.0764 205 3.11 1.10 444
L-30 Core Grey-black mudstone 5 0.1121 292 5.38 1.24 444
L-30 Core Grey-black mudstone 4.93 0.0746 258 2.48 1.09 436
LT-1 Debris Dark gray mudstone 0.41 0.4 1.14 470
LT-1 Debris Dark gray mudstone 1.79 3.4 1.12 468
LT-1 Debris Dark gray mudstone 1.19 4.64 1.05 445
LT-1 Debris Dark gray mudstone 0.97 2.4 1.04 468
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5.2.2. Effects on Reservoir Rock Evolution

The favorable reservoir rocks in the study area mainly occur in the Permian Wutong-
gou Formation and Triassic Karamay Formation, and here this research focuses on the
Wutonggou Formation. The sedimentary facies of the Wutonggou Formation reservoir
are predominated by the fan delta, and the Wu-I and Wu-III Members (namely the first
and third members of the Wutonggou Formation) are the main oil producers [64,65]. The
effective reservoir space is mainly composed of dissolved inter-granular pores, dissolved
intra-granular pores and residual inter-granular pores (Figure 10). On the basis of the
measurements of this research and previous studies, the average, minimum and maximum
porosity of the Wutonggou Formation are estimated to be 7.35%, 4.4% and 30.8%, respec-
tively, and the main distribution range of porosity is 5%–12%. Moreover, the permeability
mainly ranges from 10 × 10−3 µm2 to 100 × 10−3 µm2 and averages 1.18 × 10−3 µm2. As
per China’s classification criteria for porosity and permeability of clastic reservoirs specified
in the industrial standard DZ/T 0217-2005, the Permian Wutonggou Formation reservoir
rocks have ultra-low porosity and low permeability [51,66–70].

The basin modeling of the burial history, trap development and thermal history of
the Permian in the Taibei Sag, the Turpan–Hami Basin, clarifies the temporal matching
between the diagenesis history and the reservoir rock pore development [54,71,72].

From the Late Triassic epoch to the Mid–Late Jurassic epoch, the underlying Taodong-
gou Group source rocks became mature and expelled hydrocarbons, and yet, the hydrocar-
bon expulsion time is somewhat differentiated among different sub-sags, as stated above.
The results show that from the Late Triassic to the Middle and Late Jurassic, the source
rocks of the Permian Taodonggou Group matured and expelled hydrocarbons, and there
was little difference in the hydrocarbon generation time of different sub-sags. Due to
the neighboring between the source rocks and the Wutonggou reservoirs, hydrocarbons
first enter the Wutonggou Formation reservoirs. The burial depths of different fan bodies
are varied, and so are the hydrocarbon emplacement time and experienced diagenetic
processes [67]. The Wutonggou Formation sandstone reservoir in the Taibei Sag is highly
compacted. The contact among grains is mainly line contact, and the primary pores are
mostly destructed, both implying considerable compactions. In the later stage, carbonate
minerals occur extensively in the forms of cement and metasomatism, and the quartz
overgrowth is identified as the II–III grade [73]. As shown in Figure 12, the diagenesis
has reached the meso-diagenetic A phase, and some fan bodies even present the highest
diagenesis of the meso-diagenetic B phase, e.g., the Pudong fan group (Figure 13). The
modeled porosity curve shows that the porosity of the Yubei fan group is 18%, higher than
those of the Lianbei fan body and Qiuling fan group, and the least porosity of 12% occurs in
the Pudong fan group. Such an understanding is validated by the observed plane porosity
of casting thin sections. The casting thin section plane porosity of the Wu-I Member, Well
YB1-3, the Yubei fan group, is 17%, higher than those of Well L-23, the Lianbei fan body;
and Well SK-1, the Qiuling fan group (6% and 3%, respectively). The burial depth of the
Pudong fan group is the highest and exceeds 7000 m, and the casting thin section plane
porosity of the Wu-I Member is 0.3%. It is confirmed that the Yubei fan group has better
reservoir physical properties. At present, the burial depth of the Wutonggou Formation in
the Taibei Sag is commonly 4000–6000 m, while Wells LN-1, YG-7 and AC-1 in the Tainan
Sag reveal that the burial depth in the Wutonggou Formation ranges from 2000 m to 4000 m.
In other words, the southern region is located in the higher position of the fan slope. This
oil explains why oil and gas reservoirs largely occur in the southern part of the Taibei Sag
and Tainan Sag [71–77].
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5.2.3. Effects on Hydrocarbon Preservation Conditions

The discovered existing pre-Jurassic oil reservoirs are mostly distributed in the south-
ern part of the Taibei Sag and Tainan Sag, and these reservoirs may store either heavy
oil or light oil [79,80]. The generation of heavy oil has been investigated extensively. It
is related to the uplift and exposure of the reservoir subject to meteoric weathering and
leaching [81–83]. By far, the discovered heavy oil reservoirs mostly occur in the Wutonggou
Formation and Karamay Formation, and the oil source correlation shows that such heavy
oil is sourced from the Taodonggou Group source rocks in the Taibei Sag [84,85]. The oil
reservoir sections of different sub-sags in the study area are presented in Figures 14–16.
The section in Figure 14 intersects the Shengbei sub-sag and the piedmont zone of the
Shanbei sub-sag. The shown oil reservoir is controlled by the source-connecting fault and
underlying source rocks and has good preservation conditions. However, no oil reservoir
sourced from the Permian source rocks has been found, due to the low efforts in explo-
ration. The section in Figure 15 cuts both the Huobei sub-sag and Lianbei sub-sag. Well
YT-1 presents cores with oil stains and oil patches from both the Wutonggou and Karamay
Formations, thus indicating the previous presence of paleo-oil reservoirs in the southern
part of the sub-sag. Whether or not such paleo-oil reservoirs are destructed or they serve as
part of the migration paths of hydrocarbons remains a puzzle and is under investigation.
Nevertheless, the core observations raise confidence in hydrocarbon exploration in the
Huobei Sag [86]. Figure 16 is a north–south oil reservoir section intersecting the nose-like
uplift in the Central–Southern Shanbei sub-sag. Well SK-1 discovers a light oil reservoir
in the Karamay Formation, while Well LT-1 fails. The discovered Permian and Triassic oil
reservoirs are predominantly located in the structural slope and anticline zones in the south,
which stimulates the confidence in the exploration of oil and gas reservoirs in the piedmont
zone. Statistics of the fault amplitude of the oil reservoir sections (Figure 17) suggest
high relevance to the last Himalayan movement and also reflect degrees of damage to oil
reservoirs [87,88]. The fault amplitude in the Eastern Taibei Sag is larger than in the western
part, and the current oil reservoir distribution features the pattern of reservoirs underlain
by source rocks. Therefore, faults connecting source rocks are vital for the formation of oil
reservoirs. The lowest fault amplitude is found in the oil reservoir section of the Huobei
sub-sag, and the Lukeqin large oil reservoir occurs in the south of the Huobei sub-sag.
Furthermore, the fault amplitude of the oil reservoir section across the Central–Southern
Shanbei sub-sag grows from north to south, and the Karamay Formation oil reservoir found
in Well SK-1 lies in the Central–Northern Shanbei sub-sag [89,90]. Comprehensively, a
fault amplitude below 80 m is favorable for the formation of oil reservoirs. With a fault
amplitude exceeding this threshold, it is increasingly challenging to form or preserve oil
reservoirs. The structural slope and anticline zones of the Huobei, Shengbei and Lianbei
sub-sags are in favor of raising reserves and production of hydrocarbons.
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5.3. Effects of Differential Burial–Thermal History on Key Reservoir-Forming Elements
Corresponding to Characteristics of Petroleum Systems

This research, combined with a systematic literature review of previous studies, com-
pensated for the insufficiency of the studies on the tectonic, burial and thermal history
of the Taibei sag, and, moreover, the erosion thickness during each tectonic uplift was
systematically quantified. The Permian Taodonggou Group mudstone is commonly mature
and can serve as excellent source rocks to provide hydrocarbons for the reservoir rocks of
the Wutonggou and Karamay Formations, as per its hydrocarbon generation indexes stated
above. The reservoir rocks of the Wutonggou and Karamay Formations, associated with
the faults connecting the source rocks, are desirable reservoirs. Their storage capacity and
experienced diagenesis are stated above. The porosity is typically above 10% and can locally
reach 20% with burial depths over 3000 m (suggesting high-quality reservoirs). The Lianbei
sub-sag, the Huobei sub-sag and the nose-like uplift and slope of the Central–Southern
Shanbei sub-sag are important predicted oil-reservoir distribution regions (Figures 14–16).
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The Cenozoic tectonic movement finalized the structural framework of the Turpan–Hami
Basin. The statistics for the fault amplitude of each sub-sag demonstrate that a fault ampli-
tude no longer than 80 m is associated with desirable migration capacity and serves as a
communication channel between the source and reservoir rocks [91,92]. An excessive fault
amplitude tends to have the migration capacity of the fault greatly reduced by the mud-
stone blockage [65]. The mudstone/shale of the Triassic Huangshanjie Formation serves
as excellent cap rocks immediately overlying the reservoir rocks, while the commonly
developed Jurassic thick coal seams are the regional cap rocks [71,93].
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Because the Taibei Sag experienced a large-scale uplift during the Late Indosinian
movement, the massive hydrocarbon generation of the Taodonggou Group source rocks
was postponed to the Jurassic Period, instead of the Late Triassic epoch. This is validated by
the thermal history reconstruction. The pore space of the Wutonggou Formation reservoir,
which matches the undone Triassic massive hydrocarbon generation, is subjected to a
great loss due to the Triassic rapid deep burial (a major reason for pore loss) [94]. As
illustrated by Figure 18, at the end of the Triassic Period, the formation temperature in
the Central–Southern Shanbei sub-sag reached 100 ◦C, and the source rocks in this area
first expelled hydrocarbons. The source rocks in the other sub-sags started hydrocarbon
expulsion during the Mid–Late Jurassic epoch. The Taodonggou Group source rocks are
well-developed in the Shengbei sub-sag and Shanbei piedmont zone, and the maximum
source rock thickness averages 150 m, higher than those of the other sub-sags. However,
no oil reservoir has been found in the Wutonggou and Karamay Formations. An analysis
showed that the oil reservoirs were adjusted during the Cenozoic structural adjustment,
and the oil migrated upward to form the Jurassic reservoirs of mixed oil. The oil reservoirs
previously in the Wutonggou and Karamay Formations were destructed by the structural
adjustment. The structural styles of the pre-Jurassic oil reservoirs in the different sub-
sags were dissected. The oil reservoir section of the Huobei–Yubei–Tuyuke structural
zone (Figure 18a) is the current main producing block of the pre-Jurassic oil reservoirs of
the Turpan–Hami Basin. The oil reservoirs are located in the structural high and slope,
and, hence, attention should be drawn to the slope zone of the Southern Taibei Sag and
structural highs and their downdip direction. In view of the oil reservoir section of the
Shanbei slope zone (Figure 18b), Well SK-1 discovers the oil reservoir in the Karamay
Formation, and, meanwhile, Well LT-1 finds no oil reservoir (Figure 16). The hydrocarbons
of the Shanbei sub-sag migrate to Well SK-1 through the southern part of the sub-sag
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(Yang et al., 2020) [10], and, therefore, this migration path should be the target for future
exploration. As illustrated by the east–west oil reservoir section intersecting the Shengbei
and Shanbei sub-sags (Figure 18c), hydrocarbons migrate upward through faults connecting
the source rocks buried at 5000–6000 m. Nonetheless, due to the later multiple structural
adjustments, the oil reservoirs are destructed, or hydrocarbons escape upward to form
the Jurassic reservoirs of mixed oil. Figure 18d shows the east–west oil reservoir section
across the Huobei and Lianbei sub-sags. Below the slope zone of the Southern Taibei Sag,
no oil and gas reservoir has been found. The burial depth in this area is relatively high;
hydrocarbons tend to flow toward the slope zone in the south.
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To sum up, the structural styles of oil reservoirs in Figure 18a,b are rather desirable.
Accordingly, confidence remains for hydrocarbon exploration in pre-Jurassic formations,
and the main exploration areas include the Southern Taibei Sag and the structural highs,
nose-like uplifts and slopes of the Lianbei and Huobei sub-sags and the Central–Southern
Shanbei sub-sags.
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6. Conclusions

Basin modeling was performed to simulate the burial and thermal history of the
Taodonggou Group in the Taibei Sag, the Turpan–Hami Basin. The differentiation charac-
teristics among different sub-sags were analyzed, and their effects on petroleum systems
were investigated. The following conclusions were drawn:

(1) The erosion thickness across the Taibei Sag presents the following characteristics.
For the Late Indosinian movement, the erosion thickness was generally low in the
north and east and high in the south and west, and the average erosion thickness of
the Shanbei sub-sag reached over 1000 m. For the Middle Yanshanian movement,
the erosion thickness across the sag is generally characterized by low values in the
east and high values in the west. The erosion thickness of the Shengbei and Huobei
sub-sags is lower than 500 m, and that of the Lianbei and Shanbei sub-sags is over
700–1000 m. For the Late Yanshanian movement, the Taibei Sag generally features low
erosion thickness in the central sag and high erosion thickness in both the northern and
southern sag. The erosion thickness is below 550 m, except for in the piedmont zone.
For the Late Himalayan movement, the Taibei Sag presents small erosion thicknesses
of 100–500 m on an overall basis, and yet the erosion thickness of the eastern sag is
higher than that in the western sag.

(2) For different tectonic movements, the average uplift rate of each sub-sag is ranked as
follows: Shanbei > Lianbei > Huobei > Shengbei during the Late Indosinian movement,
and Huobei > Shanbei ≈ Shengbei during the Middle Yanshanian movement. The
average uplift rates of the Huobei, Shengbei and Shanbei sub-sags were similar during
the Late Yanshanian and Early Himalayan movements, two key periods of structural
adjustment. The average uplift rates of the Late Himalayan movement, also a key
period of structural adjustment, are ranked as Huobei > Shengbei > Shanbei, showing
differentiated uplift and denudation due to the eastward propagation of the regional
tectonic event.

(3) The Taodonggou Group source rocks in the Taibei Sag generally became mature
during the Mid–Late Jurassic epoch. Yet, those in the Central–Southern Shanbei
sub-sag, represented by Well LT-1, reached the mature stage during the Late Triassic
epoch, because the higher geothermal gradient in the Eastern Taibei Sag (where the
Shanbei sub-sag lies) accelerated the maturation of the source rocks. The experienced
maximum formation temperature of the Shanbei sub-sag is near 150 ◦C, while those
of the Lianbei, Huobei and Shengbei sub-sags in its west are 120 ◦C–140 ◦C.

(4) The Yubei fan group has the best reservoir physical properties, followed by those of
the Lianbei and Qiuling fan groups. The reservoir physical properties of the Pudong
fan group are the worst, due to its fairly deep burial.

(5) The piedmont zone of the Northern Shengbei sub-sag, the structural slope and an-
ticline of the Huobei sub-sag and Southern Lianbei sub-sag and the nose-like uplift
of the Southern Shanbei sub-sag are favorable for raising reserves and production of
hydrocarbons of the Taibei Sag.
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