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Rapid identification of reservoir destruction is critical to avoid exploration failure.
More indicators of reservoir destruction are urgently needed to be developed
besides the evaluation methods of trap effectiveness based on structural analysis.
Here, we provide a case study in the Ordos Basin to show that the combined use of
in-reservoir geological records is a robust tool to rapidly identify oil-reservoir
destruction. The sandstones within the Yanchang Formation in the oil-depleted
Jingbian area were investigated by petrological and geochemical analysis. The
results show that 1) the oils with increased density and viscosity occur in the low
permeability sandstones, whereas the high permeability sandstones were occupied
by water, 2) abundant solid bitumen occur in the intergranular pores, 3) the n-alkanes
with carbon numbers less than 19 are significantly lost from the original oils, and 4)
the majority of paleo oil layers have evolved into present water layers. All these in-
reservoir physicochemical signatures unravel the same geological event (i.e., oil-
reservoir destruction) in the Jingbian area. This oil-reservoir destruction was likely
caused by the uplift-induced erosion and the fault activities after oil accumulation
during the Late Early Cretaceous.
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1 Introduction

Reservoir destruction is a common geological event (Beydoun, 1997; Fu et al., 2000; Gartrell
et al., 2004; Pang et al., 2012; Isiaka et al., 2017; Wang W. Y. et al., 2019), and is extremely
unfavorable to oil and gas exploration. In order to reduce exploration risks, it is necessary to
carry out the reservoir destruction identification and assessment in the exploration area. Uplift-
induced erosion and fault activity are considered to be the two main causes of reservoir
destruction (e.g., Fu et al., 2000; Pang et al., 2018). Faulting activity (e.g., Gartrell et al., 2004;
Isiaka et al., 2017; Palladino et al., 2020) and tectonic evolution (e.g., Pang et al., 2012; WangW.
Y. et al., 2019) were always studied through geological and geophysical methods to evaluate trap
effectiveness in the previous studies. However, these structural analyses for reservoir
destruction still need the supports from in-reservior evidences. In fact, tectonic uplift and
fault activity can cause a series of secondary physicochemical and microbial alteration which
occur within the reservoirs or the overlying strata, such as phase fractionation (e.g., Thompson,
1987; Meulbroek et al., 1998), water washing (e.g., Lafargue and Barker, 1988), biodegradation
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FIGURE 1
Tectonic units and oil-reservoir distribution (A) and Lithology, source rocks, reservoirs, seals and sedimentary facies of the Yanchang-Yan’an Formations
(B) in the Ordos Basin (Modified from Hui et al., 2019; Qu et al., 2020; Wu, 2020; Yang et al., 2021).

FIGURE 2
Distribution of oil-reserviors and sampling wells in the Jingbian and adjacent areas (erosion thickness during the Late Cretaceous according to Chen
et al., 2006; fault distribution according to Wu, 2020).
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(e.g.,Curiale and Bromley, 1996; Oldenburg et al., 2017), diagenetic
alteration (Xie et al., 2021; Zhang et al., 2022) and surface oil/gas
seepages. Such geological records are all potential indicators of
reservoir destruction, and the combined use of them are expected
to be powerful to rapidly identify reservoir destruction. Here, we
provide a case study in the Ordos Basin to show the important role of
in-reservoir geological records play in the identification of oil-
reservoir destruction.

During the 40 years of petroleum exploration, 4 oil-enriched
areas (OEA) have been founded in the central Ordos Basin
(Figure 1A). Each of them contains oil reserves over 10 × 108t
(Hui et al., 2019). The Jingbian area is adjacent to the Dingbian-
Jiyuan OEA to the west and Zhidan-Ansai OEA to the south
(Figure 1; Figure 2) but contains few oil resources. The cause of
oil depletion in this area is still unclear, which has resulted in
frequent exploration failure. In this study, the sandstone reservoirs
in the Jingbian area were investigated through an integrated
analysis including microscopic observation, laser Raman, whole-
hydrocarbon gas chromatography, quantitative grain fluorescence
(QGF) and QGF on extract (QGF-E). The aim of this study is to 1)
identify the oil-reservoir destruction in the studied area, and 2)
show the important role of in-reservoir geological records play in
the identification of oil-reservoir destruction.

2 Geological setting

The Ordos Basin, which covers an area of about 36 × 104 km2, is
the second largest petroliferous basin in China, and produces more
than 400 million barrels of oil equivalent per year (Hui et al., 2019).
According to the diversity of basement structure, the basin is divided
into six tectonic units, including Yimeng Uplift, Yishan Slope, Weibei
Uplift, Western Thrust Belt, Tianhuan Depression, and Jinxi Folded
Belt (Cui et al., 2019; Cui et al., 2022) (Figure 1A). The Yishan Slope,
which contains the 4 OEAs, is now a west dipping monocline with an
angle less than 1° (Xu et al., 2017). Within the slope, there exists six
NE-SW trending, five NW-SE trending, four nearly E-W trending and
two N-S trending faults (Figure 1A) (Wu, 2020).

The oil resources in the Ordos Basin are mainly stored in the
Mesozoic petroleum system, including the Triassic Yanchang
Formation and Jurassic Fuxian- Yan’an formations (Qu et al.,
2020) (Figure 1B), which were deposited in fluvial-delta-lake
sedimentary systems (Zhou et al., 2008; Qiu et al., 2015). Both
of them are subdivided into 10 members, numbered from top to
bottom as Chang 1 to Chang 10, and Yan 1 to Yan 10, respectively.
The Chang 7 Member containing black organic-rich shale is the
chief oil source (Cui et al., 2019), while the sandstones in the Yan 9,
Chang 2, Chang 6, Chang 7 and Chang 8 members are the major
reservoirs. Thick mudstone and shale layers in the two formations
are the seals of underlying oil reservoirs (Figure 1B) (Qu et al.,
2020).

The Ordos basin has experienced multiple tectonic movements
since the Yanchang Formation was deposited. With the continent-
continent collision of the Yangtze plate and North China plate during
the late Triassic (Bao et al., 2020; Wu et al., 2020), the Ordos Basin was
uplifted and underwent the erosion of the Chang 1 ~ Chang
3 members. Subsequently, the Fuxian and Yan’an formations
unconformably covered the Yanchang Formation. During the
middle to late Jurassic, the thrust-nappe belt in the western margin

of the basin developed, leading to erosion in the middle and eastern
basin with a maximum erosion thickness of 300 m (Chen et al., 2006).
During the Early Cretaceous, the Ordos Basin subsided to maximum
buried depth due to the movement of paleo-Pacific plate (Wu et al.,
2020). During the Late Cretaceous to early-middle Eocene, the Ordos
Basin experienced the strongest tectonic uplift, resulting in the erosion
of the pre-Late Cretaceous. The erosion thicknesses in the Jingbian
area vary from the 800 m–1400 m (Figure 2), and the maximum
erosion thicknesses can be up to 1800–2000 m in the eastern basin (Liu
et al., 2006). Since the LateMiocene, the Tibet Plateau uplift has caused
the uplift in the west and subsidence in the east of the basin, forming
the present tectonic framework (Ma et al., 2019).

The present exploration target in the Jingbian area and adjacent
OEAs is the Chang 6 Member. Its burial depths vary from ~2500 m in
the western Dingbian area to ~700 m in the eastern Jingbian area. The
petrological characteristic and physical property of the Chang
6 reservoir are almost the same between the studied Jingbian area
and adjacent OEAs, which is characterized by fine-medium grain
(0.125–0.5 mm) arkose, dominated calcite/laumontite cements and
low/ultra-low permeability (Wei et al., 2003; Hui et al., 2019; Ao et al.,
2022).

3 Samples and methods

Twenty-five sandstone-reservoir samples and six crude oil samples
were collected from the wells in the Jingbian area and
adjacentDingbian-JiyuanOEAs (Figure 2). Gas chromatography was
conducted on the crude oils using Trace 1300 system equipped with an
HP-1 capillary column (30 m × 0.25 mm × 0.25 m). The temperatures
of the sample inlet and FID detector are all 300°C. The temperature
program was 40°C for 10 min, 40°C–70°C at 4°C/min, 70°C–300°C at
8°C/min, and finally held at 310°C for 40 min. Nitrogen was used as
carrier gas at a flow rate of 1 mL/min.

Casting thin sections without cover glass and doubly polished thin
sections for fluid inclusion were prepared for the observation of
petrography and fluid inclusion under a ZEISS Axio Scope
A1 microscope (with 100 W high-pressure mercury lamp). Coeval
oil and aqueous inclusions in the doubly polished thin sections were
examined on a THMS600 Linkam Heating and Freezing stage for
homogenization temperatures (Th). The analytical uncertainties are
better than 0.1°C.

The burial and thermal history for single well was recovered
through basin model 1D and constrained by the measured vitrinite
reflectance at various depths. Lithology was determined by the cuttings
logging and log data. The main parameters erosion thickness and
geothermal gradient were cited from Chen et al. (2006) and Ren et al.
(2017).

A HORIBA LabRAM Odyssey spectrometer was applied to
identify the unrecognizable minerals in the casting thin sections
through Raman spectral analysis. The measuring conditions are:
laser wavelength 785 nm, exposure time 20 s, scanning wave
number range 1000–2000 cm−1, and superposition twice.

QGF is measured by fluorescence emission spectra from reservoir
grains, after a cleaning procedure involving solvent, hydrogen
peroxide and hydrochloric acid. QGF-E is measured by
fluorescence emission spectra from the solvent extract from
reservoir grains after the QGF cleaning procedure following Liu
and Eadington (2005).
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In addition, the physical properties of core and crude oils, as well
as the formation testing data in the study area and adjacent areas were
collected from the PetroChina Changqing Oilfield Company.

4 Results

4.1 Porosity-permeability of oil and water
layers

The sandstone reservoirs were divided into oil layers and water layers
based on the collected formation testing data. Subsequently, the measured
core porosity-permeability corresponding to oil layers and water layers
were respectively counted. The sandstone reservoirs in the study area and
adjacent OEAs are both typical tight sandstone reservoir with significant
heterogeneity (Wei et al., 2003; Hui et al., 2019; Ao et al., 2022), but the oil-
bearing property is obviously different between them. As shown in
Figure 3, the porosity and permeability ranges of oil layers in the
Jingbian area are limited, mainly varying from 10% to 12%, and from
0.1 mD to 2 mD, respectively (Figure 3A). On the contrary, thewater layers
are characterized by much larger porosity-permeability ranges, including

the high-quality sandstones with porosity greater than 12% (Figure 3A).
However, in the adjacent DingbianOEA, the oils mainly occur in the high-
quality reservoirs with porosity greater than 10% and permeability greater
than 0.1 mD, while the water occupies the sandstones with porosity and
permeability respectively less than 12% and 1 mD (Figure 3B).

In summary, the present high-quality sandstones were occupied
by water in the Jingbian area, but were occupied by oils in the
adjacent OEA.

4.2 Density and viscosity of oils

As shown in Figure 4, the density of crude oils in the Jingbian area
varies from 0.86 kg/m3 to 0.88 kg/m3, which are obviously heavier than
the oils in the Dingbian area. The viscosity of crude oils in the Jingbian
area varies from 8 mPa*s to 16 mPa*s, which are more viscous than
the oils in the Dingbian area.

4.3 Solid bitumen

Microscopic observation shows that the majority of intergranular
pores within the Chang 6 Member in the Jingbian area are filled by the
black solid matters (Figures 5A, C). They are identified to be solid
bitumen by the Raman spectra with the two first-order characteristic
bands, i.e., the D band near 1380 cm−1 and G band near 1590cm−1

(Figures 5B, D) (Zerda et al., 1981).
According to the estimated solid bitumen content in each casting

thin section, the solid bitumen abundance in the study area is shown
(Figure 2). The solid bitumen content gradually increases from 1.0% in
the west to 3.3% in the east. The average content of the whole study
area is 2.1%.

4.4 N-alkane abundance distribution of oils

The abundance of n-alkane in primary maturated oils
exponentially decreases as the carbon number increases (Kissin,
1987; Meulbroek et al., 1998). This pattern, however, can be
broken by several geological processes (e.g., biodegradation and
phase fractionation).

FIGURE 3
Porosity and permeability of oil/water layers in the Chang 6 Member in the Jingbian (A) and Dingbian (B) areas.

FIGURE 4
Density and viscosity of the Chang 6 oils in the Jingbian and
Dingbian areas.
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FIGURE 5
Solid bitumen occurrence in the reservoir and its Raman spectra (red points indicate Laser Raman testing location; (A,B) B111 well, 969.56 m, Chang
6 Member; (C,D) Q3 well, 719.15 m, Chang 6 Member).

FIGURE 6
N-alkane abundance distributions of crude oils in the Jingbian and adjacent areas. (A): oil with the n-alkane abundance negative deviation from the
exponential pattern at C19, and the deviation degree obviously increases for the carbon numbers less than C12. (B): oil with the n-alkane abundance negative
deviation from the exponential pattern at C19, but the deviation degree decreases for the carbon numbers less than C12. (C,D): oil with the n-alkane
abundance approximate to exponential distribution.
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The studied oils from the Chang 6 Member in the Jingbian area are
characterized by a negative deviation from the exponential pattern at C19

(Figure 6A). The deviation degree obviously increases for the n-alkanes
with carbon numbers less than C12 (nC12-), indicating a significant nC12-

depletion. The n-alkanes of the oils from the overlying Yan’an Formation
also deviate negatively at C19, but the deviation degree decreases for the
nC12- (Figure 6B), indicating an nC12- invasion into the nC19- depleted
oils. Notably, the oils from the adjacent OEAs display a pattern
approximate to exponential distribution (Figures 6C, D), suggesting
that they are mature and unaltered oils.

Based on the whole-hydrocarbon gas chromatography, the
geochemical parameters for biodegradation: pristine/n-heptadecane

(Pr/nC17), phytane/n-octadecane (Ph/nC18), and the parameters for
phase fractionation: toluene/heptane (Tol/nC7) and heptane/
methylcyclohexane (nC7/MCC6) were calculated for further analysis
(Table 1).

4.5 QGF & QGF-E

QGF & QGF-E is a set of fluorescence detection technology
developed by Liu and Eadington (2005) and Liu et al. (2007) to
detect the fluorescence of oil inclusions in clastic grains and adsorbed
hydrocarbons on the surface of clastic grains. Two parameters, QGF

TABLE 1 Geochemical parameters of crude oils in the Jingbian area and the adjacent OEAs.

Sample ID Well Formation Pr/nC17 Ph/nC18 Tol/nC7 nC7/MCC6 Q (%)

O1 B111 Chang 6 0.43 0.50 0.20 0.50 63.7

O2 A34 Chang 6 0.46 0.54 0.19 0.51 61.9

O3 A19 Yan 9 0.41 0.43 0.10 0.71 —

O4 A40 Yan 9 0.40 0.42 0.11 0.71 —

O5 C176 Chang 6 0.40 0.38 0.25 0.50 —

O6 L37 Chang 6 0.32 0.34 0.33 0.73 —

Abbreviations: Pr = pristine; nC17 = n-heptadecane; Ph = phytane; nC18 = n-octadecane; Tol =Toluene; nC7 = heptane; MCC6 = Methyl-cyclohexane; Q = light-end loss percentage.

TABLE 2 QGF & QGF-E data and identified results in the study area and adjacent areas.

Well Depth m) QGF index QGF-E intensity (pc) Paleo Present

Oil layer water layer Oil layer water layer

B5 1535.5 7.34 34.31 √

1539.83 12.17 59.82 √ √

1541.5 9.83 18.3 √ √

1542.47 15.02 6.23 √ √

1543.2 18.47 21.6 √

B3 701 6.24 29.94 √

704.35 10.13 3.22 √

708.6 18.92 31.02 √

715.4 12.4 40.21 √ √

718.6 18.7 41.23 √ √

722.8 29.37 5.22 √ √

727 18.06 11.23 √ √

C17 1912.03 5.68 2.92 √ √

1915.2 33.42 289.53 √ √

1916.95 19.8 51.62 √ √

1920.1 7.61 10.63 √ √

1922.54 8.94 9.42 √ √

1924.9 19.97 83.2 √ √
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index and QGF-E intensity, were created to identify paleo- and present
oil layers, respectively (Liu et al., 2007). The QGF index of core
samples from the Chang 6 Member in the Jingbian area varies from
6.24 to 29.37 with an average of 14.72, while the QGF-E intensity
ranges from 3.22 pc to 59.82pc, with an average of 25.19pc (Table 2).

4.6 Fluid inclusion

The coeval oil and aqueous inclusions in the sandstones in the
Yanchang Formation in the Jingbian area have been observed (Figures
7A, B). The oil inclusions were trapped within healed secondary

FIGURE 7
Micrographs of sandstones in the Jingbian area (A). S1 well, 1890.48 m, Chang 7; (B). B3 well, 709.9 m, Chang 6; (C,D). B3 well, 704.35 m, Chang 6; the
red and black arrows indicate oil and queous inclusions, respectively.

TABLE 3 Th values of aqueous inclusions coeval with oil inclusions in the study area.

Well Depth(m) Formation Hosting mineral Occurrence Th (°C)

S1 1887.9 Chang 7 feldspar healed intragranular pore 112.8

110.3

1889.06 113.3

1890.48 112.3

113.0

109.9

B3 709.9 Chang 6 feldspar healed intragranular pore 91.0

89.4

94.0

706.9 quartz healed fractures 93.2

92.5

87.4

91.5
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fractures in quartz and intragranular pore in feldspar grains, and
exhibit bluish-white fluorescence. The Th values of aqueous inclusions
coeval with oil inclusions in the western and eastern parts of Jingbian
area are 109.9–113.3°C and 87.4–94.0°C respectively (Table 3).

5 Discussion

5.1 Oil accumulation in the Jingbian area

Undoubtedly, solid bitumen is an indicator of oil charging (Littke
et al., 1996; Huc et al., 2000; Liu et al., 2009). Wang et al. (2006)
suggested that the reservoir with solid bitumen content greater than
2.0% can be defined as a paleo-oil reservoir. Solid bitumen is widely
distributed in the study area (Figure 2), and 57% core samples contain
the solid bitumen content greater than 2.0%, indicating that the
Jingbian area, like the adjacent OEAs, is also a favorable area for
oil accumulation.

QGF & QGF-E is widely used in the reconstruction of reservoir
evolution (Wang et al., 2017; Liu et al., 2019; Song et al., 2022).
According to the previous experience (Liu and Eadington, 2005;
Liu et al., 2007), the QGF index of paleo-oil layers are generally
greater than 4, and those of paleo-water layers are generally less
than 4; The QGF-E intensity of present oil layers are generally
greater than 40pc, while those of present water layers are generally
less than 20pc. If the experiential QGF index is applied to the
Jingbian area, all the studied core samples will be identified as
paleo-oil layers.

The developer of QGF & QGF-E emphasized that the
identification standards for paleo (present) oil (water) layers
should be in line with local conditions (Liu and Eadington,
2005; Liu et al., 2007). According to the comparison between
the QGF&QGF-E values and core observation, microscopic
observation and formation testing results, the experiential QGF-
E intensity ranges for identifying present oil/water layer are still
applicable in the Jingbian area. However, the experiential QGF
index value for distinguishing paleo oil/water layer is not effective
anymore. Take the sandstone at 704.35 m of B3 well for example,
its QGF index is 10.13, and will be classified into paleo oil layer
according to the experiential standard. In fact, this sandstone is
characterized by water wetting, 5.3% matrix content, strong

compaction (linear contact among clastic grains), little bitumen
(Figure 7C), few cements and no fluorescence (Figure 7D), which
suggests that the subsurface fluids including oil have not charged
this sandstone at all. Eventually, the QGF index boundary between
paleo-oil and water layers in the study area is suggested as 10.13.

According to the QGF index and QGF-E intensity, the paleo- and
present oil/water layers were identified (Figure 8; Table 2). Of
12 reservoir samples in the Jingbian area, 8 samples (accounting
for 67%) belong to paleo-oil layers, showing that the large scale of
oil accumulation have ever occurred in the study area.

The time of oil accumulation is determined using the Th values of
fluid inclusion and burial-thermal history (Figure 9). The Th values of
aqueous inclusions coeval with oil inclusions in the Chang 7 reservoir
of S1 well range from 109.9°C to 113.3°C, while those in the Chang
6 reservoir of B3 well range from 87.4°C to 94.0°C (Table 3). These two
Th ranges plotting within the burial-thermal histories in the S1 and
B3 wells both indicate that the oil accumulation occurred during the
Late Early Cretaceous, prior to the tectonic uplift of the Ordos Basin
during the Late Cretaceous (Figure 9).

5.2 Oil-reservoir destruction

As mentioned above, oils have accumulated during the Late
Early Cretaceous in the Jingbian area. However, no commercial oil
pools have been found now, which is likely attributed to paleo-oil
reservoir destruction based on the following in-reservoir geological
evidences.

5.2.1 Evolution from paleo-oil layers into present
water layers

QGF & QGF-E provides direct evidence for the paleo-oil reservoir
destruction occurred in the Jingbian area. Take B5 well with thick-
bedded sandstones in the Chang 6 Member for example, the
sandstones are dominated by water layers and oil-water layers,
consistent with the results indicated by QGF-E intensity
(Figure 10A). The QGF index, however, indicate that the oil-water
layer in the lower part was an oil layer before (Figure 10A). This
evolution from paleo oil layers into present water layers is more
obvious in B3 well. The most majority of sandstones in Figure 10B
were paleo oil layers, but now are dominated by water layers and oil-
water layers. Overall, of the 8 samples identified as paleo oil layer,
3 samples are identified as present oil layer (Figure 8; Table 2),
indicating that 62.5% of paleo oil layers have been destructed and
evolved into present water layers.

In comparison, the QGF & QGF-E values in the Dingbian OEA
show that the samples that were identified as paleo oil layer were also
identified as present oil layer (Figure 8 and Figure 10C), indicating that
the paleo oil reservoirs in the Dingbian area have not been destructed
yet. That is why the oils are enriched there now.

5.2.2 Light fraction loss of oils
The n-alkane abundance distribution pattern of oils also provides

the evidence for paleo oil-reservoir destruction. As shown in Figures
6A, B, the oils in the study area are characterized by the loss and
invasion of light fraction. To explain this, we have carefully considered
several geological processes and sampling process that may affect the
oil compositions. Organic molecules tend to be degraded at different
rates due to different resistance to biodegradation (Bennett et al., 2013;

FIGURE 8
Cross plot of QGF index and QGF-E intensity in the Jingbian and
Dingbian areas.
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Wang et al., 2013). The first indications of oil biodegradation typically
occurred with the selective removal of normal alkanes. As
biodegradation proceeded, normal alkanes are degraded faster than
mono- and multi-methylated alkanes (Peters et al., 2005). Thus,
biodegradation can be ruled out due to a full range of n-alkanes
observed in the oils and normal Pr/nC17 and Ph/nC18 values (Table 1).
Water washing was also ruled out because the oils contain significant
amounts of toluene (Table 1) (Napitupulu et al., 2000). Paraffin
precipitation only affects n-alkanes at high carbon number end
(e.g., >30, Losh et al., 2002). Fractionation in the separator and
short term evaporation of samples after collection have been shown
byMeulbroek et al. (1998) to affect the compounds as heavy as decane.
Instead, evaporative fractionation is the most likely cause for the
n-alkane distribution patterns of the studied oils based on the two
facts: 1) the Chang 6 oils have lost the nC12- which are exact the

compositions invading into the overlying Yan 9 oils in the Jingbian
area, and 2) the Tol/nC7 values of Chang 6 oils are greater than those
of Yan 9 oils, while the nC7/MCC6 values of Chang 6 oils are less than
those of Yan 9 oils.

The evaporative fractionation resulted in the upward
migration of light-end compositions originating from the
Chang 6 Member, which is expected to have caused oil-
reservoir destruction in the study area. According to the
calculation method proposed by Losh et al. (2002), the light-
end loss percentage are 63.66% and 61.91% for the two residual
oils (Table 1; Figure 11), indicating that the original oil-reservoirs
have lost more than half of oil compositions. In the adjacent OEAs,
however, the Chang 6 oils show little compositional loss (Figures
6C, D), suggesting that the oil-reservoirs there have not been
destructed yet.

FIGURE 9
Oil accumulation time determined by Th vales and burial-thermal history in S1 (A) and B3 (B)wells in the Jingbian area (C6= Chang 6Member; C7=Chang
7 Member).

Frontiers in Earth Science frontiersin.org09

Yang et al. 10.3389/feart.2023.1133539

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1133539


5.2.3 Elevated density-viscosity of oils and
enrichment of solid bitumen

The density and viscosity of oils are controlled by the temperature,
pressure and its chemical composition (Morales-Medina and
Guzman, 2012; Said et al., 2016). The oils in the Yishan Slope
mainly originated from the black shales in the Chang 7 Member in
the central basin and accumulated during the Late Early Cretaceous
(Hui, et al., 2019). Thus, the initial chemical compositions of these oils
are expected to be similar. Under the same experimental conditions
(20°C, 1atm), the elevated density-viscosity of oils suggests the
occurrence of oil-reservoir destruction in the Jingbian area.
Continuous compositional loss of light-end fraction during the oil-
reservoir destruction will inevitably lead to the relative increase of
heavy-end fraction in residual oils and finally form solid bitumen
(Wang A. G. et al., 2019). It is should be noted that the density and
viscosity of oils in the Jingbian area are obviously greater than those in
the Dingbian OEA (Figure 5) and the solid bitumen are indeed more
abundant in the Jingbian area (Figure 2; Figures 5A, C).

5.2.4 Oil occurrence in low-quality rather than high-
quality reservoirs

Migrating oils tend to preferentially occupy the porosity with the
lower capillary resistance (i.e., high porosity and permeability
portions) after charging into the reservoirs. With the increase of oil
saturation in trap, oils have to charge into the low porosity and
permeability portions (England et al., 1987). Take the adjacent
Dingbian OEA for example, oils are indeed occupying the high
porosity and permeability reservoirs (Figure 3B).

On the other hand, when the oil-reservoirs were destructed, the
oils in high porosity and permeability portions preferentially migrate
out the trap, whereas the oils in low porosity and permeability portions
were most likely left due to poor liquidity. In the Jingbian area, the
sandstone reservoirs with high porosity and permeability are occupied
by water, whereas the oils occur in the sandstone reservoirs with
relative low porosity and permeability (Figure 3A). These oil-bearing
characteristics in the Jingbian area are exactly consistent with the
above oil/water behaviors caused by oil-reservoir destruction.

FIGURE 10
Paleo oil/water layers and present oil/water layers in the Chang 6members of B5 well (A), B3 well (B) in the Jingbian area and C17 well (C) in the adjacent
Dingbian area.

FIGURE 11
N-alkanes loss percentage of the studied oils (A) B111 well, Chang 6 Member; (B) A34 well, Chang 6 Member).

Frontiers in Earth Science frontiersin.org10

Yang et al. 10.3389/feart.2023.1133539

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1133539


5.3 Cause of oil-reservoir destruction

Asmentioned above, uplift-induced erosion and fault activity were
considered to be the twomain causes of reservoir destruction (Fu et al.,
2000; Pang et al., 2018), which should be responsible for the oil-
reservoir destruction in the Jinbian area.

Since the oil accumulation during the Late Early Cretaceous, the
Ordos Basin has experienced a long-period tectonic uplift from the Late
Creataceous to Early-Middle Eocene. This tectonic uplift caused intense
erosion with the erosion thickness increasing from west to east (Liu et al.,
2006). In the study area, the erosion thicknesses vary from 800m to
1400 m (Figure 2) (Chen et al., 2006), generating a unconformity between
the Middle Jurassic and Quaternary. Compared with the Dingbian OEA
to the west, the uplift-induced erosion in the Jingbian area ismore intense,
which maybe has degraded the sealing of oil-reservoir and caused the oil-
reservoir destruction in the area.

The Ordos Basin used to be considered as a stable cratonic basin
with undeveloped faults. In recent years, however, multiple basement
faults and concealed faults have been reported in the basin (Liu et al.,

2013; Wu, 2020). There exist two E-W trending (F1, F2), two N-S
trending (F3, F4), five NE-SW trending (F5-F9) and three NW-SW
trending (F10-F12) faults in the Jingbian and adjacent areas
(Figure 1A and Figure 2) (Wu, 2020). According to the seismic
sections (Figure 12; Wu, 2020), the faults that cut across the
Cretaceous (e.g., Figure Figures 12A–H) were likely active during
the uplift and maybe have caused the oil-reservoir destruction. The
faults that do not cut across the Cretaceous (e.g., Figures Figures 12E,
F) were not active during the Cretaceous, and are thus not responsible
for the oil-reservoir destruction. Overall, all the faults in the Jingbian
and adjacent areas are likely active during the uplift, except the NW-SE
trending faults. As shown in Figure 1A, there exist six potential faults
(i.e., F1, F3, F4, F6, F7, and F8) for oil-reservoir destruction across the
Jingbian area, whereas there exist two potential faults (i.e., F5 and F6)
and three potential faults (i.e., F4, F8 and F9) in the Dingbian-Jiyuan
OEA and Zhidan-Ansai OEA, respectively. Thus, the faults in the
Jingbian area are more developed than those in the OEAs.

In summary, the tectonic uplift during the Late Cretaceous has
caused uplift-induced erosion and fault activities, which likely further

FIGURE 12
Seimic interpretation sections in the Jingbian and adjacent areas (modified from Wu, 2020). (A): F1 fault. (B): F6 fault. (C): F7 fault. (D): F8 fault. (E): F12
fault. (F): F11 fault. (G): F4 fault. (H): F3 fault.
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caused the oil-reservoir destruction in the Jingbian area. In
comparison, uplift-induced erosion and fault activities in the
Dingbian and Ansai OEAs are relatively undeveloped, which is
thus favorable for oil-reservoir preservation.

6 Conclusion

The Jingbian area in the Ordos Basin was used as a case to
demonstrate that combined use of in-reservoir geological records is
a robust tool to rapidly identify oil-reservoir destruction. The
following conclusions were obtained from this study:

The Jingbian area is also a favorable area for oil accumulation,
which occurred during the Late Early Cretaceous. The uplift-
induced erosion and fault activities during the Late Cretaceous
degraded the sealing of the oil-reservoir, and led to the oil-reservoir
destruction. This process has been recorded by a series of geological
signals in reservoirs, including 1) the loss of light fraction, 2) the
increases of oil density and viscosity, 3) the enrichment of solid
bitumen, 4) the evolution from paleo oil layers into current water
layers, and 5) the oil occurrence in low-quality rather than high-
quality reservoirs. These in-reservoir geological records provide a
new technical approach for the oil-reservoir destruction
identification.
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