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MexaHu3M 00pa30BaHUs YIIICBOJOPOIOB U HEPTEra30MepPCIeKTHBHBIE OOBEKTHI B 0OJOMOYHBIX TOMIIAX
Taboiickoro mogusaTHs B TapuMckoMm OacceifHe pacCMOTPEHbI Ha OCHOBE KOMIUIEKCHBIX CEHCMHUYECKHX, CKBa-
JKHHHBIX, KEPHOBBIX U T€OXHMHUYECKHX JIAHHBIX C MCIOJIb30BAHUEM TEOPHH He(Tera3oBbIX KOMIUICKCOB 30H
¢ cetbio pasiomoB. Komekropsl B paiioHe J[yHXITaH SIBISIOTCS THITMYHBIMHU aJJIOXTOHHBIMU He(Tera3oBbl-
MH KOMIIEKCAMHU, IIPHYPOUEHHBIMH K CETH Pa3IOMOB, C yAaJIeHHBIMH HCTOYHUKAMH yIieBonopoaos (YB). B
paiioHe HMCCIIeIOBAHHS BBISBICHBI JBE CHCTEMBI C CEThIO pa3znoMoB: (1) mecyaHukoBblil Komiekrop JyHX? U
MIEPMOTPUACOBBIE TOJIIH U (2) TIacTsl J, ¥ J;;, B I0pCKUX TomaX. AHAJIN3 KOppemsiuui Mmexay YB u nx uc-
TOYHHKOM ITOKa3aJl, YTO He(hTera30BhIH KOMIIIEKC IOPCKOH TOJIIIH SBISETCSI HPOU3BOIHBIM KAMEHHOYTOIEHOTO
necyaHoro koyuiekropa J{ynxs. CHCTeMbl ceTeil pa3IoMOB IOApa3/eISIOTCS Ha YeThIpe CTPYKTYpHBIX THHA: (1)
30Ha, COSJUHEHHAsI PA3JIOMaMH C MATEPUHCKUMH IOPOZiaMH, (2) pa3iIoM—HeCconIacie—30Ha BPEMEHHOI0 Xpa-
Huuma YB, (3) pasnoMm—30Ha BpeMeHHOro XxpaHuinia ¥ B—hecornacue, (4) 30Ha BpeMEHHOTO XpaHWIUILA
YB—paznom. Ilo xapakrepucTikam He(TEra30BbIX KOMILUIEKCOB 30H C CETBIO Pa3JIOMOB KOJUIEKTOPHI TOApa3-
JeTSIOTCS Ha 15 THIIOB M TPH TPYTIITEL: BEPXHEE, BHYTPEHHEE U HIDKHEe (IPUTPAaHUIHOE) BPEMEHHBIE XPaHWIIH-
ma yrieBoopoaoB. KoMruiekcHbIH aHanm3 rerepanuy YB 1 BpemMenn 00pa3oBaHMs pa3JIOMOB BEISIBIII YSTHIPE
nepro/ia HakoIuIeHust Y B B kojuiekTopax, Ipy 9TOM Ha HEPBBIX TPEX dTarax MPOUCXOIHIIO HaKOIUICHHe HedTH,
a Ha rocjeaHeM — rasa. PalloH McclieioBaHUi XapakTepu3yeTcss MHOTOKPATHBIMU CTaqusIMH (OPMUPOBAHHUS
KOJUIEKTOPOB M MEPECTPONKHU CETEN pa3IOMOB B HUX, YTO SIBJISIETCS OCHOBHOM NMPUYMHOM PA3JINYMsl YIVIEBOIO-
POZHOTO COCTaBa UX BEPTUKAIBHBIX OJIOKOB. Pa3pbIBHO-0IOKOBBIE KOIIEKTOPHI M TUTOJIOTNYECKHE KOJIIEKTOPHI,
CITy’Kallle BHYTPEHHUMH U BEPXHIMH XpaHWINAIIAMU Y B, SIBIAIOTCS OCHOBHBIMH HE()TETra30MONCKOBBIMH 00b-
eKTaMH B 00JIOMOUYHBIX TOJIIAX B 00JIACTH MCCIICIOBAHUSL.

Yoanennoe om ucmounuxa naxonienue yeneso00po0os, Hemezazosble KOMNIEKCbl 30H cemell pasiomMos,
MHO20Kpamuoe HaKonienue u nepecmpoiika xoaiekmopa, Taosiickoe noonamue, Tapumckuii 6acceiin, Cesepo-
3anaonwviii Kumaii

FAULT MESH PETROLEUM PLAYS IN THE DONGHETANG AREA,
TABEI UPLIFT, TARIM BASIN, NW CHINA, AND THEIR SIGNIFICANCE
FOR HYDROCARBON EXPLORATION

Q. Liu, H. Xu, Z. Lei, Z. Li, Y. Xiong, S. Li, B. Luo, D. Chen

The hydrocarbon formation mechanism and potential targets in clastic strata from the Tabei Uplift, Tarim
Basin, are documented using the fault mesh petroleum plays theory, based on integrating seismic, well log, well
core and geochemistry data. The reservoirs in the Donghetang area are typical allochthonous and far source fault
mesh petroleum plays. There are two sets of fault meshes in the study area: (1) the Donghe sandstone and com-
bination of Permian and Triassic strata and (2) combination of the J,, and J,, formations in the Jurassic strata.
The fault mesh petroleum play in the Jurassic is a secondary reservoir that originates from the Carboniferous
Donghe sandstone reservoir adjustment based on source correlation. The fault mesh carrier systems are divided
into four styles according to the fault mesh architecture: (1) fully connected, (2) fault-unconformity—transient
storage relay, (3) fault—transient storage—unconformity relay, and (4) transient storage—fault relay. According to
the characteristics of the fault mesh petroleum plays, the reservoirs are of 15 types and form three categories:
upper transient storage, inner transient storage, and margin-transient storage. Integrated analysis of the hydro-
carbon generation and faulting time periods reveals that there were four periods of hydrocarbon charging, with
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the first three stages charging the reservoirs with oil and the last stage charging the reservoirs with gas. There
are multiple stages of reservoir accumulation and adjustment in the fault mesh in the study area. These multiple
stages of fault mesh accumulation and adjustment are the main reason that the multiple vertical units of the
reservoirs have different hydrocarbon properties. Fault-block reservoirs and lithologic reservoirs related to the
inner transient storage and upper transient storage styles are the main exploration targets in the clastic strata in
the study area.

Allogenic and far source accumulation, fault mesh petroleum plays, multiple accumulation and adjust-
ment, Tabei Uplift, Tarim Basin, NW China

INTRODUCTION

Dow first proposed the ‘oil system’ concept in 1972 (Dow, 1972), and related concepts were subse-
quently described (Dow, 1974; Perrodon, 1983, 1992; Demaison, 1984; Meissner, 1984; Ulmishek, 1986; Ma-
goon, 1988, 1992). This work gave birth to the ‘petroleum system’ concept that was described in the AAPG
Memoir 60 (Magoon and Dow, 1994). A ‘petroleum system’ comprises a pod of mature source rock and all of
the migration paths, reservoir rocks, caprocks, and traps that can be charged by that source rock to produce oil
and gas accumulations.

The Chinese geologists who applied the concepts of the petroleum system found that it was not suitable
for hydrocarbon exploration in the complex superimposed basins in northwestern China (Pang et al., 2003,
2010). Some studies proposed the source control theory (Hu, 1986) and hybrid petroleum systems (Zhao and
He, 2000), according to the reservoir formation characteristics in the superimposed basins. Jin and Wang (2004)
described the concept of a petroleum accumulation system, which uses the reservoir as a key unit of study. The
concept of the petroleum accumulation system emphasizes that reservoir formation relies on efficient allocation
of all of the hydrocarbon formation units to form a reservoir. Xu et al. (2008) divided the petroleum accumula-
tion system into three types following the origin of a source—reservoir—cap and its assemblage, which include
allogenic, authigenic, and hybrid hydrocarbon source petroleum accumulation systems.

Zhang et al. (2003, 2004) proposed the concept of fault mesh petroleum plays based on research on res-
ervoir-forming processes of secondary reservoirs in the Jiyang Depression, Bohai Bay Basin, eastern China. A
well-defined fault mesh petroleum play usually contains three basic elements, a hydrocarbon source network at
the base, a transient storage for migrating hydrocarbons in the middle, and a petroleum accumulation network
at the top (Zhang et al., 2003, 2004). The mesh that contains the oil source network at the base consists of pri-
mary faults and (or) regional unconformities in direct contact with mature hydrocarbon source beds and second-
ary faults that cut lenticular sandstones. The transient storage is a sheetlike, thick, porous sandstone deposit.
The fault mesh petroleum play is the allogenic hydrocarbon that was generated in the lower strata and migrated
through the oil source network, temporarily accumulated in the transient storage, and migrated once more verti-
cally or laterally into shallower reservoirs. Such a play concept stresses the role of faults in the transmission of
petroleum fluids from relatively deeply buried source rocks to suitable petroleum host rocks and traps in the
stratigraphically younger strata (Wang et al., 2005). The accumulation processes of fault mesh petroleum plays
were proven by physical simulations (Zhang et al., 2003, 2004). Zhang et al. (2013) divided the fault mesh
petroleum plays into far-source and near-source styles according to the relationship between the petroleum ac-
cumulation system and the source rock.

Many studies have focused on the reservoir formation in the Tabei Uplift, Tarim Basin, for oil source
correlation, hydrocarbon accumulation stages, and reservoir formation mechanisms (Li et al., 1996; Zhang et
al., 2000; Zhu et al., 2013a,b; Li et al., 2016). There are two viewpoints on the origin of the Jurassic condensate
reservoirs in the study area: Zhang et al. (2012) suggested that the condensate reservoirs are hybrids from ma-
rine and continental hydrocarbons, and Liang et al. (1998) suggested that the condensate reservoirs originated
from marine hydrocarbons, which resulted from hydrocarbon adjustment. Commonly, the Carboniferous and
Jurassic reservoirs were studied as separate petroleum accumulation systems, and the reservoir formation mech-
anism from local to regional scale is rarely discussed. This study applies the fault mesh petroleum play theory to
analyze the reservoir formation mechanism and accumulation patterns during hydrocarbon generation periods,
faulting stages, and transient storage and to predict exploration targets and beneficial zones in the study area.

DATA AND METHODS

Seismic attributes from the seismic data in the depth domain were analyzed to understand the reservoir
distribution of the transient storage and petroleum accumulation network during the Jurassic. Cored material of
2686 and 180 samples in the Donghe sandstone and Jurassic strata, respectively, were used to analyze the pet-
rophysical properties of the transient storage and petroleum accumulation network. The architecture of the un-
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conformity complex between the Jurassic and lower strata was determined by well correlation. Geochemistry
parameters and light hydrocarbon compositions from 11 wells from the Donghe sandstone and six wells from
the Jurassic strata were used to analyze the source relationship between the Donghe sandstone and Jurassic
reservoirs, which determined the n-alkanes distribution and light hydrocarbon composition.

Gas compositions were measured using an Agilent 7890 gas composition instrument, which was equipped
with four valves, six packed columns, a flame ionization detector (FID), and two thermal conductivity detectors
(TCD). The oven temperature was held at 50 °C, and the FID temperature remained at 80 °C.

The gas chromatography (GC) was performed using an Agilent 6890A equipped with a fused silica col-
umn (HP-PONA, 50 m x 0.20 mm, i.d. 0.5 mm film thickness) and an FID at 300 °C. The experimental meth-
ods of the GC were described in detail by Song et al. (2016). The urea complexation method was used to sepa-
rate the n-alkane and UCM from the oil-saturated hydrocarbons.

The bulk composition: The oil was extracted by washing the oil sand with chloroform, and the bulk com-
position, including alkane, asphalt, aromatic, and resin, was separated using silica gel column chromatography.

The 2DMove software was used to balance two cross sections and analyze fault evolution processes and
timing of the Paleozoic faults. Flexural slip was used to maintain stratigraphic thickness, and fault parallel flow
was used during fault restoration.

GEOLOGIC SETTING

The Tarim Basin lies between the Chinese Tianshan Mountains to the north and western Kunlun Moun-
tains to the south and is confined by the Altun Mountains to the southeast (Fig. 1, A, B). The Tabei Uplift is
located between the Kuche and Manjiaer depressions in the Tarim Basin. The Donghetang tectonic belt is lo-
cated at the northern Halahatang sag, in the middle of the Tabei Uplift (Fig. 1, C). It consists of five Carbonifer-
ous Donghe sandstone reservoirs (DH1, DH4, DHS5, DH6, and DH14) and a Jurassic condensate reservoir
(Fig. 1, D).

PETROLEUM GEOLOGIC SETTING

The strata from Ordovician through Quaternary were drilled in the study area. Figure 2 shows the sedi-
mentary basin fill and stratigraphic framework in the study area. The Donghe sandstone is a diachronous unit that
spans the Devonian—Carboniferous (Wang et al., 2004). We use the term “Carboniferous Donghe sandstone” in
this paper for convenience. There is an onlapped unconformable surface with the Silurian at the bottom and a
truncation unconformable surface with the Permian and Jurassic at the top of the section.

The Donghe sandstones of the DH1 reservoir in burial history are characterized by long-term subsidence
to a shallow depth and short-term subsidence to a large depth (Fig. 3). It was uplifted to the surface and eroded
in the late Hercynian time. The subsidence continued in the Early Cretaceous. Then, fast subsidence to the pres-
ent buried depth range from 5700 to 6000 m took place in the Hiyama time. The reservoir temperature from the
DH1 well in the Donghe sandstones at 5718 m is 140 °C.

The previous work suggests that in the study area, the Donghe sandstone deposits in a shoreline environ-
ment and is a thick fine-grained quartz sandstone (Li et al., 2016). The average thickness of the Donghe sand-
stone is approximately 250 m and can be divided into ten sand sets on the basis of analyzing sequence stratig-
raphy (Fig. 2). The hydrocarbon source rocks are Ordovician marine carbonate rocks from the southern
Manjiaer Depression (Zhang et al., 2000; Chang et al., 2013).

The Jurassic and its contact with older strata form a high-angle unconformity and a parallel unconfor-
mity with the Cretaceous. The Lower Jurassic can be divided into two formations, which include the J,, and J,,
from bottom to top. The sedimentary depositional system of the J,,, formation is a braided river environment,
and it is distributed widely in the study area (Fig. 4, C). The J,,, formation was deposited by an alluvial fan and
is distributed in the northern and northwestern parts of the study area (Fig. 4, D).

The regional seal includes a Carboniferous bioclastic limestone and mudstone assemblage and a thick
lacustrine mudstone in the Middle—Upper Jurassic. There are two petroleum accumulation assemblages: The
lower assemblage is a Carboniferous Donghe sandstone, bioclastic limestone and mudstone, and the upper as-
semblage comprises the J; and J, ; formations. The reservoir properties are significantly different between the
lower and upper assemblages, with the former being a crude oil reservoir, and the latter a condensate reservoir.

STRUCTURE EVOLUTION

There are two fault systems in the study area: a thrust and strike-slip fault system that was active in the
Paleozoic and an extensional fault system active in the Mesozoic and Cenozoic. The thrust faults strike in a
NE-SW direction, and the strike-slip faults are right-lateral and strike in a NW-SE direction (Fig. 1, D). The
normal fault system in the Jurassic consists of echelon faults in a NE direction (Fig. 1, F).
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Fig. 1. Geological setting of the Donghetang area petroleum plays.

A, B, and C are the structural locations of the Tarim Basin, Tabei Uplift, and Donghetang tectonic belt, respectively, and D is the fault
system in the Carboniferous Donghe sandstone. E is the well location in the DH1 oilfield, and F is the fault system in the Jurassic.
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Fig. 2. The geological column of the Donghetang area and the petrophysical properties of the Carboniferous
Donghe sandstone in the DH11 well core section, from the well core data.
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Fig. 3. The depth—thermal history and hydrocarbon charging periods of the Donghe sandstones reservoir,
DHI1 oilfield, and the gray rectangle marks the Donghe sandstones.

The histogram of homogeneous temperature of salt-water inclusions associated with hydrocarbon inclusion in the DH11 well is after Zhang
etal. (2012) (a). The Neogene of hydrocarbon charging is after Zhang and Luo (2012) (), who used the K—Ar dating of authigenic illite of
Carboniferous sandstone reservoirs in the Ha 6 well from the Halahatang sag.
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Fig. 4. The RMS amplitude of the J,,, and J;,, formations and its interpretation. Partial hydrocarbons
are in the wells distributed in the J,,, and J,;, formations. The legend of the hydrocarbon well is shown in
Fig. 1, F.

The ancient uplift formed in the early Hercynian time, and the fault activity reached a maximum during
the middle to late Hercynian (Tang et al., 1999). Volcanic activity occurred in the Permian to the Early Triassic,
and the Paleozoic structural framework was set in the Late Triassic (Liu et al., 2012). The F1 and F5 faults
(Fig. 5) were still active in the Jurassic to Cretaceous owing to the strong activity of the Tianshan thrust fault
zones (Tang et al., 2012). The extensional fault system formed in the Neogene because of the earlier Kuche
foreland frontal uplift in the northern part of the study area (Wei et al., 2001).

Generally, during the Devonian—Triassic, there was an intense thrust and uplift stage. Fault activity
reached the maximum during the Permian—Triassic, which is why Permian and Triassic strata were eroded. The
study area began to subside in the Jurassic, which resulted in a regional high-angle unconformity between the
Jurassic and older strata (Fig. 1, F). There was weak thrust activity during the Jurassic—Cretaceous. The thrust
faults in the Paleozoic were reactivated by negative inversion during the Eocene—Miocene (Chen et al., 1998;
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Fig. 5. The structural evolution of the Line B-B'. The profile location and fault numbers are shown in
Fig. 1, D.

Tang et al., 1999; Cheng et al., 2009). During this final stage, the strata inclination in the study area experienced
inversion owing to the subsidence of the northern Kuche Depression. It resulted in a structural high that mi-
grated from north to south, affecting the Jurassic and its overlying strata (Fig. 5).
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RESULTS
The characteristics of fault mesh. The transient storage

The petrophysical properties of the Donghe sandstone reservoir in middle sand sets 2 to 5 with permeabil-
ities four to eight times higher than at both ends, but little change in porosity, according to an analysis of 2686
samples from well cores (Fig. 6, A). The permeability in sand sets 0 to 8 is 1-50 md, 0.4-200 md, 0.1-400 md,
0.4-500 md, 0.4-300 md, 0.2—700 md, 0.5-250 md, 0.2—70 md, and 0.1-20 md, respectively, and the average is
31.4,15.6, 88.1, 167.3, 79.5, 93.65, 38.98, 8.82, and 8.91 md, respectively. The average porosity is 15%, and the
range is from 3 to 21% in the Donghe sandstone. The average permeability is 360 md, and the average porosity
is 18.6% in the J,, formation, according to an analysis of 42 samples from well core data (Fig. 6, B).

The transient storage occurred over a relatively large geographic area in a porous, well-connected, and
thick sheetlike sandstone reservoir (Zhang et al., 2003, 2004). These sandstones serve as temporary storage
spaces, through which deep-sourced petroleum fluids migrate, either laterally or vertically, into shallower res-
ervoirs (Zhang et al., 2003, 2004). However, the concept of fault mesh petroleum plays was proposed under the
geologic setting of shallow burial depth (less than 2000 m) and high petrophysical properties (with an average
porosity of 35.3% and a permeability of 1500 md) compared to those of deeply buried reservoirs (below
5000 m) with low petrophysical properties. At the same time, following Zhang et al. (2003, 2004), the key for
hydrocarbon accumulation of that system is the well-developed transient storage, which is widespread and con-
sists of sheetlike, thick, well-connected porous sandstone deposits. According to that concept, there are two sets
of transient storage reservoirs in the study area: the shoreline facies of the Carboniferous Donghe sandstone
reservoir (average thickness of 250 m) and braided river deposits of the J,,, formation, a sandstone reservoir
with an average thickness of 10 m (Fig. 7).

The petroleum accumulation network

The petroleum accumulation network above the transient storage provides suitable reservoirs for hydro-
carbon accumulation (Zhang et al., 2003, 2004). There are two sets of petroleum accumulation networks: con-
tinental deposits from Permian to Triassic and alluvial fan deposits in the J, formation. The average permeabil-
ity is 45 md, and the average porosity is 16.5% in the Jurassic petroleum accumulation network of the J,,,
formation, according to 138 samples from the well core (Fig. 7). No hydrocarbons have been found in the
Permian—Triassic in the drilled wells, and the hydrocarbon distribution widely in the J,,, formation according to
the well-logging interpretation and well test (Fig. 4, D). The thin sandstone reservoirs in the thick lacustrine
mudstone of J, ; might also be part of the petroleum accumulation network.

The hydrocarbon source network

The hydrocarbon source network provides fairways for hydrocarbons generated in a deep source to mi-
grate vertically upward to shallow strata and often consists of primary faults and/or regional unconformities in
direct contact with mature petroleum source beds and secondary faults intercepting lenticular fluvial sandstones
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Fig. 6. The petrophysical properties of the transient storage and the petroleum accumulation network.

A is the average petrophysical properties in the different sand sets of the Donghe sandstone, and B is the average petrophysical properties
in the J,, and J, formations. N is the sample number.
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Fig. 7. The characteristics of the reservoir rock connectivity in the transient storage and the petroleum
accumulation network in the study area.
The transient storage of the Carboniferous Donghe sandstone is between T6 and T7, and the transient storage of the J,,, formation is

between T2 and T3. The petroleum accumulation network of the J,;, formation is between T1 and T2. There is a basal conglomerate with
a thickness of 3 to 5 m above the unconformity contact between the Jurassic and older strata. The well location is shown in Fig. 1, D.

(Zhang et al., 2004). The hydrocarbon source rocks are Ordovician marine source rocks in the southern study
area of the Manjiaer Depression (Zhu et al., 2013; Huang et al., 2016). The hydrocarbon accumulation in the
Carboniferous Donghe sandstone and Jurassic reservoirs that originated from the Ordovician source rocks must
have migrated through the hydrocarbon source network.

The hydrocarbon source network demonstrates full-connection and low-connection styles according to
the time—space relationships between the faults, unconformity, and two sets of transient storage units in the
study area. The fully connected style of the hydrocarbon source network means that the two sets of transient
storage are connected with the hydrocarbon source rocks by faults, an unconformity, and/or a sandstone reser-
voir (Fig. 8). The low-connection style of the hydrocarbon source network means that just the transient storage
of the Carboniferous Donghe sandstone is connected with the hydrocarbon source rocks by faults and/or an
unconformity, and the second transient storage is not connected with those faults and/or unconformity (Fig. 8).

The faults that have been active for a long time in the northern study area, such as faults F5 and F1, and
the unconformity between Jurassic and Carboniferous, constitute the fully connected style of the hydrocarbon
source network. The faults that formed during the Carboniferous—Triassic constitute the low-connection style
of the hydrocarbon source network and are primarily distributed in the middle part of the study area.

The small-scale extensional faults in the Jurassic are not directly connected with the Ordovician source
rocks, but can serve as hydrocarbon migration channels for the petroleum accumulation network of the J,, for-
mation. The hydrocarbon from the J,,, reservoirs and Carboniferous Donghe sandstone reservoirs migrated
along extensional faults to the J;, formation and accumulated.

Physical properties and geochemical composition of crude oil

The reservoirs of the Carboniferous Donghe sandstone and Jurassic include crude, heavy, and condensate
oil. The Donghe sandstone reservoir and the Jurassic reservoir are similar in the crude oil density, viscosity,
sulfur content, and saturated hydrocarbon content, which are 0.76 to 0.92 g/cm?3, 5 to 13 mPa-s, 0.2 to 1%, and
25 to 72%, respectively. The viscosity of the condensate reservoir in the Jurassic ranges from 0.8 to 1.5 mPa-s.
The ratio of the saturated to aromatic hydrocarbons in the Donghe sandstone reservoir ranges from 2 to 7 and
from 1.6 to 2.8 in the Jurassic reservoir (Table 1).

The value of the odd—even predominance (OEP) and carbon preference index (CPI) is approximately 1.
The values of Ph/nC g and Pr/Ph in the Donghe sandstone and Jurassic reservoir are similar, ranging from 0.35
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Fig. 8. The style of the hydrocarbon source network in the seismic section. The Ordovician source rocks
are located below T8. The section line D-D’ and well location are shown in Fig. 1, D.

to 0.7 and less than 1, respectively. The value of Pr/nC,, ranges from 0.3 to 0.8 in the Donghe sandstone reser-
voir and from 0.2 to 0.4 in the Jurassic reservoir (Table 2).

The natural gas composition and light hydrocarbon composition

The Donghe sandstone natural gas is characterized by high CO, and N, contents and high relative den-
sity: between 18 and 32%, 20 and 36%, and 0.8 to 1.2, respectively. The Jurassic is naturally characterized by
high methane content and a low relative density, between 82 and 87% and less than 0.7, respectively (Table 3).

The Donghe sandstone and Jurassic reservoir have similar contents of n-alkanes and aromatics in the light
hydrocarbon composition, 35 to 50% and 0.3 to 16%, respectively. The contents of the isoalkane and cycloalkane
in the Jurassic reservoir are high, 26 to 36% and 9 to 19%, respectively. The contents of those in the Donghe
sandstone reservoir are low, 12 to 31% and 0.2 to 15%, respectively (Table 4).

DISCUSSION
The origin of the Donghe sandstone and Jurassic hydrocarbon

Mango (1987, 1990) suggested that the K1 values of hydrocarbons in the same source are basically con-
sistent, and the K1 value is defined as the ratio of sum of concentrationsof (2-methylhexane+2,3-dimethylpen-
tane) to (3-methylhexane+2,4-dimethylpentane). The K1 value of the gas in the Donghe sandstone and the Ju-
rassic reservoir is relatively consistent, ranging from 1.03 to 1.16 (Table 4; Fig. 9), indicating that the natural
gas in the Donghe sandstone and the Jurassic reservoirs originated from the same source rocks.

The Donghe sandstone reservoir hosts a marine hydrocarbon and originates from €—O source rocks in the
southern study area, the Manjiaer Depression (Zhang et al., 2000, 2002; Chang et al., 2013; Zhu et al., 2013;
Cheng et al., 2016; Huang et al., 2016). This indicates that the Donghe sandstone reservoir has a typical allo-
genic and far-source accumulation. The condensate reservoirs in the Tabei Uplift can be divided into the conti-
nental-facies and marine-facies ones. The former is characterized by the heavy value of the carbon isotope of
ethane (—25.4 to —22.05%o); the values of Pr/Ph are more than 2, and both the values of Pr/nC,, and Ph/nC,4 are
less than 0.2. In contrast, the latter is characterized by a low value of the carbon isotope of ethane (28 to
—37%o); the value of Pr/Ph is less than 1.2, and both the values of Pr/nC,, and Ph/nC, 4 are more than 0.2 (Liang
etal., 1998; Zhang et al., 2010; Liu et al., 2012). The values of Pr/Ph are less than 1, and both the values of Pr/
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Table 1. The oil properties and bulk composition of the Carboniferous Donghe sandstone and the Jurassic rocks

Strata Well Well test Depth, Re + Wax, |Sul,% |Viscosity | Density |Sat, |Aro, |Re, |Asp, [Sat/
m Asp, % % 50 °C, 20°C, |% % % %
results mPa-s glem? Aro
Donghe |DHI 0il 5726-5746 11.7 48 10.7 |69 0.863
sst?)r;i- 5756-5800 11 7.6 |07 |57 0.858 60.2 |18.8 [12.8 |7.9 (3.2
5810-5819 12.2 5.25 10.9 12.47 0.882
DHI1-5-8 |Heavy oil 5821-5839 42.53 14.21 |1.86 |4700 0.9202 |- - - - -
DHI1 Oil 5712-5724 25.1 11.9 |nd. |5.6 0.858 53.7 |21 53 |44 [2.56
Condensate oil |5728-5739 - - - - 0.763 - - - - -
DH13 Heavy oil 5830.0-5858.5|— - - - - - - - - -
Bitumen 5871-5886 - - - - - - - - - -
DHI-H4 |Oil 5835-6250 11.1 53 (042 [6.71 0.8569 399 |58 [54 |47.5 (69
DHI1-HS |Oil 5864-6365 8.48 9.39 10.66 |6.939 0.8552 |65.8 |17.8 (7.7 |6.7 |2.6
DH1-7-9 |Oil 5767-5802 12.45 11.67 [0.84 [13.29 0.8746 |40.1 |17.5 [8.1 |32.6 (2.3
DHI1-H18c |Oil 5981-6016 7.77 6.2 |0.78 [6.227 0.8707 |48.2 |15.8 (8.5 [25.7 |3.1
DHI1-H17 |oil 5948-6348 9.41 499 (0.71 [6.955 0.8571 |71.4 |149 (4.7 |7 2.6
DH20 Oil 5796-5810 13.8 58 (09 (152 0885 |- - - - -
Heavy oil 5958-5970 29.1 nd. [nd. |5617.11 [0.9813 |- - - - -
DH4 Oil 6068-6085 6.5 58 (0.7 |6 0.85 38.8 |17.8 [14.5 |27.9 (2.2
Jv DH20 Condensate oil |5480-5490 n.d. 64 |nd. [1.47 0.8172 |45.62 |16.06(8.03 (28.49 |2.84
DH1-5-5 |Oil 5483-5488 12.42 7.8 [0.8 [13.34 0.8769 |25 15.67|11.67|47.33 1.6
DHI2 Condensate oil |5483-5491 4.87 3.15 (0.24 (1.3 0.7994 |- - - - -
T DHI1 Heavy oil 5440-5450 n.d. nd. [nd. |374.7 0.9478 |- - - - -
DH20 Condensate oil |5439-5443 0.5 2 1 0.83 0.7651 |- - - - -
Heavy oil 54465454 n.d. nd. [nd. |5600 0.9814 |25.57125.288.81 |39.78 [1.01
DH23 Condensate oil [5436.7-5445.0 |n.d. nd. |nd. [1.18 0.8023 |- - - - -

Note. Re, Resin; Asp, asphaltene; Sul, sulfur; Sat, saturated hydrocarbons; Aro, aromatic hydrocarbons; Sat/Aro, the ratio
of saturated to aromatic hydrocarbons; n.d., not determined; dash means there is no test data.

nC,; and Ph/nC, 4 are more than 0.2 in crude oil, heavy oil, asphaltic sand, and oil sand in the Donghe sandstone
and the Jurassic reservoirs. This indicates that the hydrocarbon in the Donghe sandstone and the Jurassic reser-
voirs originate from the same source rocks.

Wang et al. (2008) suggested that, when i/nC, is less than 0.9, gas could form in three different condi-
tions: The gas is mixed from liquid hydrocarbon cracking and kerogen degradation in a closed system when i/
nC; < 0.6, from hydrocarbon cracking when i/nC, ranges from 0.6 to 0.85, and from kerogen degradation when
i/nC, > 0.85. Since i/nC, in the Donghe sandstone and Jurassic reservoirs is less than 0.9, and i/nC; is between
0.39 and 0.91 in the Donghe sandstone reservoir and less than 0.6 in the Jurassic reservoir (Table 4), the gases
in the Donghe sandstone reservoir are derived from both kerogen degradation and liquid hydrocarbon cracking,
and the gases in the Jurassic reservoir are derived from liquid hydrocarbon cracking.

Time-space collocation between the fault mesh and hydrocarbon generation

Detailed hydrocarbon accumulation periods of the Carboniferous Donghe sandstone and Jurassic reser-
voirs in the Tabei Uplift were described by Zhang et al. (2012), Wang et al. (1997), and Zhang et al. (2006).
Based on an integrated analysis of the previous research and the same source rocks of the Donghe sandstone and
the Jurassic reservoir, we supposed that there were four stages of hydrocarbon charge of the clastic rock reser-
voir. The first stage occurred during the late Permian—Early Triassic with oil charge; the second stage occurred
during the Late Jurassic—Late Cretaceous (151-85.8 Ma) with oil charge; the third stage occurred during the
Eocene (50—40 Ma); and the fourth stage occurred during the Miocene (20 Ma) to present day with a gas charge.
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Table 2.

The geochemical parameters of the Donghe sandstone and the Jurassic reservoirs

Strata Well Sample type  |Depth, Max [CPI |[OEP  |3C,-/3.Cyt |Pt/nC,; [Ph/nC,g |Pr/Ph |Carbon
m peak chain range

Donghe |DHI oil 5766.5 14 0.89 [1.05 |[5.18 032  [0.42 1 C,Cs,
sandstone oil 5792 17 099 (127 [|2.32 034 |04 0.87  [C,5:=Cy
Oil 5802 14 1.05 |1.01 1.61 0.34 0.41 0.89 C—Cy,

0Oil 5811.5 19 1.08 |1.06 1.34 0.34 0.4 0.81 C,Css

Oil 5815.5 19 099 |1 0.85 0.32 0.41 0.49  |C;—Cy

0il 5825 21 1 1 1.08 031 (038  [0.82 |C,;—Cy

DH1-H17 |0il 5948-6348 |21 1.05 |1.04 |1.35 031 (041 (071  [CyCyf

DH20 Oil 5699.3 26 0.99 10.99 0.17 0.56 0.53 0.65 Cs—Cy

0il 5704.6 31 o1 |1 0.11 0.89  0.69 057 |C,Cy

DHI1-H4 |Oil 5835-6240 |20 098 |1 0.85 0.24 0.42 032 |C,;—Cy

DH1-6-8 |Oil 5726-5809 |21 1.08 |1.06 1.22 0.32 0.42 0.7 Ci0Cs

DH1-7-6 |Oil 5483-5488 |19 1.02  |1.01 1.38 0.38 0.41 0.83 C—Cy

DH1-7-9 |Oil 5767-5802 |18 1.09 |1 1.62 0.35 0.43 0.8 C—Cyg

DH4 Oil 6068-6085 |19 1.05 |1.05 1.39 0.36 0.36 072 |CsC5

DH6 0Oil 5985-5998 |19 1.03  |1.04 1.16 0.4 0.46 0.78 C.—Cy,

Iy DH20 oil 5480-5490 |19 1.03 |1.04 |L16 0.4 046 (078 |C,,—Cy,
DH1-5-5 |Oil 5483-5488 |19 1.03  |1.04 1.16 0.4 0.46 0.78  |CCy,

T DH30  |Asphaltic sand |5418.9 20 1.03 096 |0.86 024 [042 {033 |C;—Cy
Asphaltic sand [5417.5 19 0.96 10.99 1.04 0.24 0.36 044 |C,;—Cy4

0Oil 5424-5426 |20 1.1 0.93 1.19 0.31 0.48 0.47 CioCsy

DH20 Heavy oil 5444-5451 |17 1.04 |nd. 0.95 0.31 0.38 0.83 C—Cs,

DHI1 Oil sand 5453 19 1 1.06 2.41 0.39 0.38 0.91 C5—Css

Oil sand 5455 18 {091 {096 [2.77 041 (039 {092 |C,;—Cy

Oil sand 5465 19 .11 |1.25 2.32 0.39 0.4 0.98  |C,—Cy5

Note. N.d., Not determined.

Table 3. The components of natural gas of the Donghe sandstone and the Jurassic rocks
Strata Well Depth, C, % C,, % CO,, % N,, % C,/C\., % Relative density
m

Donghe |DHI 5726-5746 39.87 18.7 18.23 21.61 68.1 1.066

sandstone 5756-5800  [43.92 15.46 19.35 20.98 74 1.009
DHI1 5712-5724 36.98 12.31 26.76 23.95 75 0.805
DH6 5985-5998 28.88 20.04 23.21 27.87 59.1 1.18
DH14 6116-6126 23.54 18.48 22.57 35.41 56 1.2
DH4 6068—-6086 23.83 25 20.38 30.64 48.8 1.22
DHI1-5-5  |5745-5795 43.24 10.22 22.24 24.3 80.9 0.98
DHI1-H18c [5981-6016 34.5 7.8 31.1 26.6 81.6 1.049

Ty DH20 5480-5490 82.59 11.24 1.75 4.42 88 0.68

I DH23 5443-5448 83.6 9.84 2.35 3.28 89.5 0.69
DH20-H3 [5542-6073 86.4 8.67 2.08 2.81 90.9 0.65

Note. C;, Methane; C,,, ethane and its heavier components; C,,, total hydrocarbon components.
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Table 4. The light hydrocarbon parameters of natural gas of the Donghe sandstone and the Jurassic rocks

Strata Well Depth, m a, % b, % c,% |d, % e, % f g k, m n

Donghe |DHI-H4  |5835-6240 [46.2 30.5 104|402 [1.77 256 079 [1.03 026  [0.59
sandstone Ipp1Hs  |5864-6365 |S1.8 25.7 143 10.07 [0.64 5.33 127  |1.06 038  [0.63
DH1-6-8  [5726-5809 [50.0 27.4 26 018 |0.91 498 (137  [1.08 037  [0.67
DH1-7-9  [5767-5802 [48.9 238 1.8 007 033 409 (106 [1.12 n.d. 0.47
DHI-H17 |5948-6348 [45.1 19.5 2.1 0.12  [0.63 486 [122  [1.13 039  [0.68

DH6 5985-5998 |34.2 12.0 3.8 11.58 [4.49 5.6 1.39 1.13 n.d. 0.39
DH4-3 6082-6086  (21.7 16.4 0.6 0.12 0.12 1.09 0.25 1.10 0.83 0.91
Ty DH20 5480-5490  [46.37 33.79 9 3.36 4.44 3.89 1.01 1.07 0.49 0.5
DHI1-5-5 5483-5488 |39.04 33.27 14.7  [4.02 1.77 2.56 0.79 1.03 0.59 0.54
T DH20-H1  [5650-5973 |37.27 26.21 18.9 [4.38 13.18 5.85 1.35 1.12 0.42 0.39
DH30 5424-5426  [48.75 35.82 11.04 {0.08 0.21 4.17 1.12 1.11 0.46 0.56
DH20 5444-5451 [45.18 3231 16.07 [2.5 3.92 3.53 0.92 1.16 0.7 0.59

Note. Definitions of compositions: a, n-alkanes; b, branched alkanes; c, cycloalkanes; d, benzene; e, toluene; f, 2-methyl-
hexane; g, 2,3-dimethylpentane; k;, (2-methylhexane + 2,3-dimethylpentane)/(3-methylhexane + 2,4-dimethylpentane); m,
isopentane/n-pentane; n, isohexane/n-hexane.

Faults serve as the main unit in the source network. During faulting they acted as conduits for hydrocar-
bon migration; during the static stage, they acted as barriers (Hooper, 1991; Knipe, 1997; Indrever et al., 2014).
The active faults during the hydrocarbon generation stage can be conduits for hydrocarbon migration. The
faults that formed after the hydrocarbon generation stage are significant for petroleum accumulation in the pe-
troleum accumulation network and hydrocarbon adjustment of the transient storage reservoirs. The faults that
formed before hydrocarbon generation are barriers to hydrocarbon migration.

According to the time—space collocation between the fault and hydrocarbon generation (Fig. 10), the F1
and F5 faults were active for the longest time and correlate well with four periods of hydrocarbon generation.
The faults also connected two transient storages of the Donghe sandstone and J,,, braided river deposits, and
they constitute the fully connected hydrocarbon source network with an unconformity between Jurassic and
older strata. The F2, F3, F4, F9, F10, F11, and F12 faults form the low-connection hydrocarbon source network
and only connect the Donghe sandstone and Ordovician source rocks. According to the relationship between the
faulting and hydrocarbon generation stages of the F6, F7, and F8 faults, these faults transported the hydrocar-
bon to the Donghe sandstone transient storage traps during the structure inversion period.

The extensional faults that formed during the Eocene—Miocene and cut Triassic strata help with the mi-
gration of the hydrocarbon that accumulated in the J,, transient storage to the J;, petroleum accumulation net-
work. The faults can also serve as a minor hydrocarbon source network with a fully connected hydrocarbon
source network that transports the hydrocarbon generated during the Eocene—Miocene to the traps, and it ac-
cumulates.

The reservoir models of fault mesh petroleum plays in the study area

The reservoirs in the study area are typically allogenic and characterized by far-source accumulation,
such that the reservoir forms only when hydrocarbon
8 - transported by faults and unconformities constitutes

S 74 Ki the hydrocarbon source network. The carrier system of
+ 6 the fault mesh demonstrates four styles according to
2o the characteristics of fault mesh petroleum plays: fully
% £ 57 connected style (Fig. 11a), fault-unconformity—tran-
%i‘i 44 sient storage relay style (Fig. 1150), fault—transient stor-
‘gg 3 age—unconformity relay style (Fig. 11¢), and transient
35 24

< 14 o Donghg sandstone natural gas

N a Jurassic natural gas

0 Y 2 3 4 5 & 7 g Fig. 9. Plot of (2-methylhexane+2,3-dimethylpen-

(2-methylhexane + 2,3-dimethylpentane), %C; tane) vs. (3-methylhexane+2,4-dimethylpentane).
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Fig. 10. The time—space collocation between the hydrocarbon generation and fault mesh. The fault
numbers and locations are shown in Fig. 1, D.
EF, Extensional faults in the Jurassic; PAN, petroleum accumulation network. The dashed line with arrows is the strata that the faults cut;

the gray solid line is the thrust fault that was reactivated during tectonic inversion. The ellipse is the faulting stage. Mid., Middle; Pale.,
Paleocene; Eoce., Eocene; Olig., Oligocene; Mioc., Miocene; Plio., Pliocene; Plei., Pleistocene; Holo., Holocene.

storage—fault relay style (Fig. 11c¢). Integrating the fault mesh characteristics and spatial relationships between
the reservoir and transient storage, the reservoirs related to the fault mesh can be divided into inner-, upper-,
and margin-transient storage reservoirs (Fig. 12).

The model of upper-transient storage reservoirs

Upper-transient storage reservoirs are located in the upper transient storage, which is a reservoir in the
petroleum accumulation network that includes drape anticline, fault-block, and stratigraphic reservoirs
(Fig. 12a—c). The carrier system is marked by a transient storage—fault relay style. The hydrocarbon that accu-
mulated in the transient storage migrated along faults to the traps in the petroleum accumulation network. The
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lava-shielded reservoir may exist because of strong volcanic activity during the Permian—Early Triassic (Liu et
al., 2012).

The model of inner-transient storage reservoirs

Inner-transient storage reservoirs are located in the interior transient storage and are mainly anticline
(Fig. 12f, g, i) and fault-block reservoirs (Fig. 12e). Lava-shielded reservoirs may exist in the transient storage
of the Donghe sandstone. Stratigraphic reservoirs, such as sandbank lens (DH1-5-5 well), updip pinch-out sand-
stone, and channelized sandstone reservoirs (Fig. 12K), may exist in the transient storage of the J,, braided
river deposits (Fig. 12/). Here, hydrocarbon migrated in a fully connected hydrocarbon source network style
(Fig. 11a), a fault-unconformity—transient storage relay style (Fig. 11b), or a fault-transient storage—unconfor-
mity—transient storage relay style (Fig. 11c) to the transient storage traps and accumulated.

The model of margin-transient storage reservoirs

Margin-transient storage reservoirs are located in the margin of the transient storage and are mainly re-
lated to the unconformity. There are three layers in the unconformity complex, including the rocks above the
unconformity interface, a weathered clay and paleokarst zone, and different compositions that can form different
reservoir types (Martinsen, 2003a,b; He et al., 2007). Simulation experiments show that weathered clay is the key
part in the formation reservoirs for the unconformity-related hydrocarbon reservoirs (Wu et al., 2009). According
to the stratigraphic contact relationships, the reservoirs related to the regional unconformity between the Jurassic
and older strata were divided into buried-hill (Fig. 12/), truncate (Fig. 12m), erosional-remnant (Fig. 12n), and
stratigraphic reservoirs (Fig. 120), where the sandstone fills up a local low in the paleotopography.

The truncate reservoirs may not exist in the study area, because the basal conglomerate above the uncon-
formity interface between Jurassic and Carboniferous is 3 to 5 m thick, which is widely distributed, according
to well data (Fig. 7). The failed DH2 and DH3 exploration wells that tested the unconformity reservoir also
indicate that the targets are high-risk ones. The drilling results for well DH22 show that a thick lacustrine mud-
stone sits above the unconformity interface between Jurassic and pre-Carboniferous, meaning that buried-hill
reservoirs may exist in the study area. Erosional remnants were formed by differential weathering in the Juras-
sic strata, and the hydrocarbon migrated to the traps in a fault-unconformity relay style, such as the DH12
reservoir in the Jurassic.

The process of fault mesh petroleum plays from Carboniferous to Jurassic in the study area

Based on an integrated analysis of the faulting and hydrocarbon generation, there are four periods of
hydrocarbon generation and multiple hydrocarbon reservoirs adjustments. Below, the DH1 oilfield is used as an
example to elaborate on the formation of fault mesh reservoirs. Three times hydrocarbon-charged history can
be concluded following Zhang et al. (2012) and Zhang and Luo (2012), who used the homogenization tem-
perature of salt-water inclusions associated with hydrocarbon inclusions in the DH11 well and K—Ar dating of
authigenic illite of Devonian sandstone reservoirs in the Ha 6 well from the Halahatang sag, respectively
(Fig. 13). The timing of hydrocarbon charging is as follows: the late Permian to Early Triassic, charged with
hydrocarbon oil; the Jurassic to Cretaceous, charged with hydrocarbon oil; and the Late Neogene, charged with
hydrocarbon gas originated from underlying liquid hydrocarbon cracking and kerogen degradation (Zhang et al.,
2002; Zhu et al., 2013b; Lei et al., 2019), in which we divided it into two subperiods according to the time—space
collocation between the fault mesh and hydrocarbon generation (section 5.2).

The first stage (Permian to Triassic)

The hydrocarbon originated from an Ordovician source rock in the southern study area of the Manjiaer
Depression, migrated along a hydrocarbon source network to the Donghe sandstone traps, and accumulated. The
Donghe sandstone in the north was uplifted to the surface during intensive compressive deformation in the Perm-
ian—Triassic (Fig. 13g, ) and was directly connected with fresh water. Thus, the reservoir formation period was
simultaneous with the accumulation of hydrocarbons, which experienced water washing and biodegradation.
The bitumen formed near the unconformity interface and the partial reservoir at the base of the Donghe sand-
stone reservoirs underwent long-term biodegradation (Fig. 13d), and bitumen exists in the DH13 well (Table 1),
located in the saddle. There was strong volcanic activity during the Permian—Triassic; we suggest that the high
contents of CO, and N, in the Donghe sandstone reservoir were due to volcanic degassing.

The second stage (Jurassic to Cretaceous)

The Jurassic—Cretaceous stage can be divided into two substages based on the hydrocarbon generation
periods. In the first substage, during J, , before hydrocarbon generation, the hydrocarbon reservoirs that accu-
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Fig. 13. The hydrocarbon accumulation process of fault mesh petroleum plays in the study area. The well
locations and fault numbers are shown in Fig. 1, D.

mulated in the transient storage of the Donghe sandstone during the Permian—Triassic migrated through a fully
connected hydrocarbon source network along fault F5 to the Jurassic traps. The second substage was the J,—Cre-
taceous hydrocarbon generation period. The hydrocarbon migrated in a transient storage—unconformity and
fault-unconformity relay style to the Donghe sandstone transient storage traps, J,,, braided river deposits tran-
sient storage traps, and J,, alluvial fan petroleum accumulation network and accumulated (Fig. 13c). The Juras-
sic strata were then buried to a depth shallower than 500 m in this stage (Fig. 13f), a depth conducive to biodeg-
radation. The heavy oil from the Jurassic reservoirs formed in this stage.

The third stage (Eocene)

The thrust faults in the Paleozoic were reactivated during inversion. The hydrocarbon generated in this
stage migrated in a fully connected hydrocarbon source rocks style, fault—transient storage—unconformity relay
style, and fault-unconformity—transient storage relay style to the traps in the transient storage of the Donghe
sandstone, and J,, braided river deposits and petroleum accumulation network of the J,, alluvial fan deposits and
accumulated to form a reservoir (Fig. 135). The normal oil in the Jurassic reservoirs accumulated in this stage.
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The fourth stage (Miocene)

The gaseous hydrocarbon charged in this stage originated from oil and kerogen cracking. Gas washing
occurred in the earlier hydrocarbon reservoirs during gaseous hydrocarbon charging. The crude oil dissolved,
and the light hydrocarbon fraction migrated to the traps through faults and the unconformity and formed con-
densate and light hydrocarbon (Silverman, 1985; Thompson, 1987, 1988; Meulbroek et al., 1998; Masterson et
al., 2001). There is evidence of condensate reservoirs formed by gas washing in the Ordovician and Carbonifer-
ous reservoirs in the Tazhong and Tabei Uplifts, Tarim Basin (Zhu et al., 2013a, b; Chen et al., 2014). The
gaseous hydrocarbon originated from the same source rock in the Donghe sandstone and the Jurassic reservoirs.
This indicates that the gaseous hydrocarbon in the Jurassic reservoirs must have migrated through the lower part
of the Donghe sandstone reservoirs, and in that process the Donghe sandstone reservoirs experienced gas wash-
ing. The light hydrocarbon fraction was formed by gas washing when it migrated along faults and the uncon-
formity to the Jurassic traps and accumulated to form condensate reservoirs (Fig. 13a).

There are multiple periods of hydrocarbon accumulation and adjustment, and hydrocarbons migrated and
accumulated in a fault mesh style to the clastic rock reservoirs in the study area. The transient storage of the
Carboniferous Donghe sandstone was connected with the transient storage of the J,,, formation in different fault
mesh types (Fig. 11). The hydrocarbon that originated from the Ordovician source rocks of the southern Man-
jiaer Depression temporarily accumulated in the transient storage of the Donghe sandstone during the Perm-
ian—Triassic. The hydrocarbon that accumulated in the transient storage of the Donghe sandstone experienced
gas washing and formed a light hydrocarbon fraction during the Jurassic-Miocene. These hydrocarbons mi-
grated along a fault mesh, adjusted to the Jurassic transient storage and petroleum accumulation network, and
accumulated in the Jurassic traps, forming secondary condensate reservoirs in the Jurassic.

The hydrocarbon exploration significance
of the fault mesh petroleum plays in the study area
There are two different sedimentary origins of the transient storage units in the study area, which deter-
mined the different exploration targets in the Carboniferous Donghe sandstone and the Jurassic rocks. The main
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target in the shoreline deposits of the Donghe sandstone is fault-related reservoirs because of the lack of mud-
stone. Faults are a three-dimensional geologic bodies with a complex architecture (Chester et al., 1993; Caine
et al., 1996; Childs et al., 1997; Aydin, 2000; Yielding et al., 2010), and the faults with sandstone self-juxtapo-
sition can seal laterally through fault rocks and deformation bands (Fossen and Bale, 2007; Fossen et al., 2007,
2011; Faulkner et al., 2010; Tueckmantel et al., 2010). We suggest that deformation band clusters seal some
faults in the study area, following an integrated analysis of the original formation fluids and faulting mecha-
nisms, and formed fault-block reservoirs (Fig. 14a). The discussion of sandstone self-juxtaposition faults clo-
sure is beyond the scope of this study. The lava-shielded reservoirs may exist in the transient storage of the
Donghe sandstone because of volcanic activity during the Permian—Triassic (Fig. 14b).

The exploration target related to the inner- and upper-transient storage can be found in the Jurassic. For
the J,,, braided river deposits of transient storage, the channelized lithologic related reservoirs (Fig. 14¢) and
sandbank lenses stratigraphic-related reservoirs (Fig. 14d) are present owing to the migration of channels, and
fault-block reservoirs related to the channel sandstone and faults (Fig. 14e). The J,, formation is an alluvial-fan
depositional system as a petroleum accumulation network, the related of upper-transient storage reservoirs can
be found with the composition of J,, braided river deposits, such as stratigraphic-related reservoirs for the fast
change of rock facies (Fig. 14f).

CONCLUSIONS

(1) There are four periods of hydrocarbon charging, with oil charging during the first three periods and
gas charging during the last. These periods are characteristic of reservoir formation with fault mesh migration
and accumulation in the clastic rock reservoirs in the Donghetang area, Tabei Uplift, Tarim Basin, northwestern
China. The hydrocarbon accumulation process of fault mesh petroleum plays is the key reason why there are
multistrata reservoirs in the study area, but each has different hydrocarbon properties;

(2) There are two sets of fault meshes in the study area: the Donghe sandstone and Permian and Triassic
strata combination as well as the J,,and J,, formation combination in the Jurassic strata;

(3) The hydrocarbons of the Donghe sandstone and Jurassic reservoirs originate from the same source
rocks, marine hydrocarbon from the southern Manjiaer Depression. The reservoirs of the Jurassic have a light
hydrocarbon fraction that originated from gas washing of the Donghe sandstone reservoirs, migrated in a differ-
ent carrier system style to the Jurassic traps, and formed secondary condensate reservoirs;

(4) The reservoirs in the Donghetang area are typical allochthonous and far-source fault mesh petroleum
plays. The highly effective hydrocarbon carrier system is key to hydrocarbon accumulation.

(5) The hydrocarbon carrier system in the fault mesh petroleum plays in the study area can be divided
into fully connected, fault—-unconformity—transient storage relay, fault—transient storage—unconformity relay,
and transient storage—fault relay styles according to the architecture of the fault mesh. The different composi-
tions of the fault mesh units can form three categories (upper-, inner-, and margin-transient storage reservoirs)
and 15 types of reservoirs.
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