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Abstract: 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, the Donghe sandstone and

Permian and Triassic strata combination as well as the fourth and third formation combination, 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, which include the 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. Based on the characteristics of the fault mesh petroleum plays, the reservoirs are divided into

three  categories,  including  an  upper-transient  storage,  inner-transient  storage,  and  margin-transient  storage

styles,  and 15 styles  of  those reservoirs.  Integrated analysis  of  the hydrocarbon generation and faulting time

periods reveals that there were four periods of hydrocarbon charging, with 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 reservoir  distribution multiple vertical  units  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. 
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1 Introduction

Dow first proposed the ‘oil system’ concept in 1972, and related concepts were subsequently described (Dow,

1974; Perrodon, 1983,1992; Demaison, 1984; Meissner, 1984; Ulmishek, 1986; Magoon, 1988, 1992). This work

gave birth to the petroleum system concept that was described in the AAPG Memoir 60 (Maggon & 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.



 Chinese  geologists  that  applied  the  concepts  of  the  petroleum  system  found  that  it  wasn’t  suitable  for

hydrocarbon exploration in the complex superimposed basins in NW China (Pang et al., 2003, 2010). Some studies

proposed source control theory (Hu et al., 1986) and hybrid petroleum systems (Zhao and He, 2000) according to

the reservoir formation characteristics in the superimposed basins. Jin et al. (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 accumulation 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 reservoir-

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 primary faults

and (or) regional unconformities in direct contact with mature hydrocarbon source beds, and secondary faults that

intercept lenticular sandstones. The transient storage is a sheet-like, thick, porous sandstone deposits. 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 vertically 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 accumulation 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, 2013; Li et al., 2016). There are two viewpoints on the origin of the Jurassic condensate reservoirs

in the study area: Zhang et al.  (2012)  proposed that the condensate reservoirs are hybrids from marine 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 mechanism

from a 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 predict exploration targets and beneficial zones in the study area. 

2 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

petrophysical properties of the transient storage and petroleum accumulation network. The architecture of the

unconformity 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 6 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 gas chromatograph equipped with a

fused silica column (HP-PONA, 50 m×0.20 mm i.d. ×0.5 mm film thickness) and a FID at 300 °C. The experimental

methods of the GC were described in detail by Song et al. (2016). The urea complexation method was used to

separate 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

composition including alkane, asphalt, aromatic and resin was separated using silica gel column chromatography.

The software 2DMove 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.

3 Geological setting

The Tarim Basin lies between the Chinese Tianshan Mountains to the north and western Kunlun Mountains to

the south and is confined by the Altun Mountains to the southeast (Fig. 1A, B). The Tabei Uplift is located between

the Kuche and Manjiaer depressions in the Tarim Basin. The Donghetang tectonic belt is located at the northern

Halahatang sag, in the middle of the Tabei Uplift (Fig. 1C). It consists of five Carboniferous Donghe sandstone

reservoirs (DH1, DH4, DH5, DH6, DH14) and a Jurassic condensate reservoir (Fig. 1D).

3.1 Petroleum geological setting
The strata from  the  Ordovician through the Quaternary were drilled in the study area.  Fig.  2  shows the

sedimentary basin fill and stratigraphic framework in the study area. The Donghe sandstone is a diachronous unit

that spans from the Devonian to the 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 characterized by long-term in shallow buried

depth and short-term deeply buried (Fig.3), it was uplifted to the surface and eroded in the Late Hercynian period,

and continue subsidence in the Early Cretaceous, and then fast subsidence to the present buried depth range from

5700 to 6000m in the Hiyama period. Reservoir temperature from the well DH1 in the Donghe sandstones at

5718m is 140oC. 

Previous  work  suggests  that  in  the  study  area,  the Donghe  sandstone  was  deposited  in  a  shoreline

environment and is a thick fine-grained quartz sandstone (Li et al., 2016). The average thickness of the Donghe

sandstone is approximately 250 meters and can be divided into 10 sand sets on the basis of analyzing sequence

stratigraphy (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 unconformity

with the Cretaceous. The Lower Jurassic can be divided into two formations, which include the J IV and JIII, from

bottom to top. The sedimentary depositional system of the JIV formation is a braided river environment and it is

distributed widely in the study area (Fig. 4C). The JIII formation was deposited by an alluvial fan and is distributed

in the northern and northwestern part of the study area (Fig. 4D).

The  regional  seal  includes  a  Carboniferous  bioclastic  limestone  and  mudstone  assemblage,  and  a  thick

lacustrine mudstone in the Middle-to-Upper Jurassic. There are two petroleum accumulation assemblages: the



lower  assemblage  is  a  Carboniferous  Donghe  sandstone,  bioclastic  limestone  and  mudstone,  and  the  upper

assemblage is the J1 formation and J2-3 formation. 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.

3.2 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. 1D).  The normal fault

system in the Jurassic consists of echelon faults in a NE direction (Fig. 1F).

The ancient uplift formed in the Early Hercynian, and the fault activity reached a maximum during the Middle

to Late Hercynian (Tang et al., 1999), volcanic activity occurred in the Permian to Early Triassic and the Paleozoic

structural framework was set in the Late Triassic (Liu et al., 2012 ). The faults F1 and F5 (Fig. 5) were still active in

the Jurassic to Cretaceous due to the strong activity of the Tianshan thrust fault zones (Tang et al., 2012). The

extensional fault system formed in the Neogene because of earlier Kuche foreland frontal uplift in the northern

part of the study area (Wei et al., 2001). 

Generally, during the Devonian to the Triassic there was an intense thrust and uplift stage and fault activity

reached the maximum during the Permian to 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. 1F). There was weak thrust activity during the Jurassic to Cretaceous. The thrust

faults in the Paleozoic were reactivated due to negative inversion during the Eocene to Miocene (Chen et al., 1998;

Tang et al., 1999; Cheng et al., 2009). During this final stage, the strata inclination in the study area experienced

inversion  due  to  the subsidence  of  the northern Kuche Depression,  which resulted  in  a  structural  high  that

migrated from north to south, affecting the Jurassic and its overlying strata (Fig. 5).  

4 Results

4.1 The characteristics of fault mesh
4.1.1 The transient storage 

The petrophysical  properties  of  the Donghe sandstone reservoir  in  the middle  sand sets  of  2 to 5 with

permeabilities 4 to 8 times larger than at both ends but little change in porosity, according to an analysis of 2686

samples from well cores (Fig. 6A). The permeability in the sand sets 0 to 8 is range from 1 md to 50 md, 0.4 md to

200 md, 0.1 md to 400 md, 0.4 md to 500 md, 0.4 md to 300 md, 0.2 md to 700 md, 0.5 md to 250 md, 0.2 md to

70 md, 0.1 md to 20 md, respectively, and the average of that is 31.4 md, 15.6 md, 88.1 md, 167.3 md, 79.5 md,

93.65 md, 38.98 md, 8.82 md and 8.91 md, respectively. The average porosity is 15% and range from 3% to 21% in

the Donghe sandstone. The average permeability is 360 md and the average porosity is 18.6% in the J IV formation,

according to an analysis of 42 samples from well core data (Fig. 6B).

The transient storage occurred over a relatively large geographic area in a porous, well connected and thick

sheet-like 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  reservoirs

(Zhang et al., 2003, 2004). Although the concept of fault mesh petroleum plays proposed under the geological

setting of shallow burial depth (less than 2000m ) and high petrophysical properties (with average porosity value

35.3% and permeability value 1500 md), compared with that the reservoirs are deeply buried (below 5000m ) and

low petrophysical properties. While following Zhang et al. (2003,2004), the key for hydrocarbon accumulation of

that system is the well-development transient storage, which is sheet-like, thick, well-connected porous sandstone

deposits, and widely spread. According to that concepts, there are two sets of transient storage reservoirs in the



study area, which include the shoreline facies of the Carboniferous Donghe sandstone, a sandstone reservoir with

an average thickness of 250 meters, and braided river deposits of the J IV formation, a sandstone reservoir with an

average thickness of 10 meters (Fig. 7). 

4.1.2 The petroleum accumulation network
The  petroleum  accumulation  network  upper  the  transient  storage  provides  suitable  reservoirs  for

hydrocarbon accumulation (Zhang et al., 2003, 2004). There are two sets of petroleum accumulation networks,

which include continental deposits from the Permian to the Triassic, and alluvial fan deposits in the J III formation.

The average permeability is 45 md and the average porosity is 16.5% in the Jurassic petroleum accumulation

network of the JIII  formation, according to 138 samples from the well core (Fig. 7B). No hydrocarbon have been

found in the Premian-Triassic in the drilled wells, and the hydrocarbon distribution widely in the J III formation

according to the well-logging interpretation and well  test (Fig.4 D). The thin sandstone reservoirs in the thick

lacustrine mudstone of J2-3 can also be part of the petroleum accumulation network.

4.1.3 The hydrocarbon source network
The hydrocarbon source network provides fairways for hydrocarbons generated in a deep source to migrate

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 (Zhang

et al., 2004). The hydrocarbon source rocks are marine Ordovician 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  is  divided  into  a  fully-connected  style  and  a  lower-connected  style

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

reservoir (Fig. 8). The lower-connected 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 a long time in the northern study area, such as faults F5 and F1, and the

unconformity between the Jurassic and Carboniferous, constitute the  fully-connected style of  the  hydrocarbon

source network. The faults that formed during the Carboniferous to Triassic constitute the lower-connected 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 petroleum accumulation network of the J III formation. The

hydrocarbon from the JIV reservoirs and Carboniferous Donghe sandstone reservoirs migrated along extensional

faults to the JIII formation and accumulated.   

4.2 Physical properties and geochemistry composition of crude oil
The  reservoirs  of  the  Carboniferous  Donghe  sandstone  and  Jurassic  include  crude  oil,  heavy  oil  and

condensate oil. The crude oil density, viscosity, sulfur content and saturated hydrocarbons are similar between the

Donghe sandstone reservoir and the Jurassic reservoir, and range from 0.76 to 0.92 g/cm3, 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, and

the value of Ph/nC18 and Pr/Ph in the Donghe sandstone and Jurassic reservoir are similar, ranging from 0.35 to



0.7, and less than 1, respectively. The value of Pr/nC17 in the Donghe sandstone reservoir ranges from 0.3 to 0.8,

and from 0.2 to 0.4 in the Jurassic reservoir (Table 2).

4.3 The natural gas composition and light hydrocarbon composition
The Donghe sandstone natural gas is characterized by high CO2, N2 and high relative density 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 content of n-alkanes and aromatics in the light hydrocarbon composition between the Donghe sandstone

and Jurassic reservoir is similar, between 35% to 50% and 0.3% to 16%, respectively. The content of the isoalkane

and cycloalkane in the Jurassic reservoir is high, between 26% to 36% and 9% to 19%, respectively. The content of

those in the Donghe sandstone reservoir is low, between 12% to 31% and 0.2% to 15%, respectively (Table 4).

5 Discussion

5.1 The origin of the Donghe sandstone and Jurassic hydrocarbon
Mango (1987; 1990b) suggested that the K1 values of hydrocarbons in same source are basically consistent,

and the K1 value defined as the ratio of sum of concentrations of (2-methylhexane+2,3-dimethylpentane) to (3-

methylhexane+2,4-dimethypentane). The K1 value of the gas in the Donghe sandstone and the Jurassic 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 an Є-O source rocks in the

southern study area, the Manjiaer Depression (Zhu et al.,  2013; Chang et al.,  2013; Zhang et al.,  2000, 2002;

Cheng et al., 2016; Huang et al., 2016), which indicates that the Donghe sandstone reservoir has a typical allogenic

and far source accumulation. The condensate reservoirs in the Tabei Uplift can be divided into continental facies

and  marine  facies.  The  former  is  characterized  by  the  heavy  value  of  carbon  isotope  of  ethane  (-25.4‰—-

22.05‰), the values of Pr/Ph are more than 2, and both the values of Pr/nC 17 and Ph/nC18 are less than 0.2. In

contrast, the latter is characterized by a light value of carbon isotope of ethane (-28‰—-37‰), the value of Pr/Ph

is less than 1.2, and both the values of Pr/nC17 and Ph/nC18 are more than 0.2 (Liang et al., 1998; Zhang et al.,

2010; Liu et al., 2009). The values of Pr/Ph are less than 1, and both the values of Pr/nC17 and Ph/nC18 are more

than 0.2 in crude oil, heavy oil, asphaltic sand and oil sand in the Donghe sandstone and the Jurassic reservoirs,

which indicate that the hydrocarbon in the Donghe sandstone and the Jurassic reservoirs originate from the same

source rocks.

Wang et al. (2008) proposed that when i/nC4 is less than 0.9, gas could form in three different conditions: the

gas is mixed from liquid hydrocarbon cracking and kerogen degradation in a closed system when i/nC5 <0.6, from

hydrocarbon cracking when i/nC5 ranges from 0.6 to 0.85, from kerogen degradation when i/nC5 >0.85. Since i/nC4

in the Donghe sandstone and Jurassic reservoirs is less than 0.9, and i/nC5 ranges 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.  

5.2  Time-space  collocation  between  the  fault  mesh  and  hydrocarbon
generation

Detailed hydrocarbon accumulation periods of the Carboniferous Donghe sandstone and Jurassic reservoirs

in Tabei Uplift were described by Zhang et al. (2012), Wang et al. (1997), and Zhang et al. (2006). The reader

should refer to their papers for more detailed information. Based on an integrated analysis of previous research

and the same source rocks of the Donghe sandstone and the Jurassic reservoir, we proposed that there were four



stages of hydrocarbon charge of the clastic rock reservoir. The first stage occurred during the Late Permian to Early

Triassic with oil charge, the second stage occurred during the Late Jurassic to 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.

Faults serve as the main unit in the source network. During faulting they acted as conduits for hydrocarbon

migration and during the static stage, they acted as barriers (Hooper, 1991; Knipe, 1997; Indrevær 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 petroleum

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 faults F1

and F5 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 JIV braided river deposits, and constitute the

fully-connected hydrocarbon source network with an unconformity between Jurassic and older strata. The faults

F2, F3, F4, F9, F10, F11 and F12 form the lower connected 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 faults F6, F7 and F8, these faults migrated the hydrocarbon to the Donghe

sandstone transient storage traps during structure inversion period. 

 The extensional faults that formed during the Eocene to Miocene and cut Triassic strata help migrate the

hydrocarbon that accumulated in the JIV transient storage to the JIII petroleum accumulation network. The faults

can also serve as a minor hydrocarbon source network with a fully-connected hydrocarbon source network that

migrates the hydrocarbon generated during the Eocene to Miocene to the traps and accumulates. 

5.3 The reservoir models of fault mesh petroleum plays in the study area
The reservoirs in the study area are typical  allogenic and far source accumulation, such that the reservoir

forms only when hydrocarbon migrated by faults and unconformities constitutes the hydrocarbon source network.

The carrier system of the fault mesh can be divided into four styles according to the characteristics of fault mesh

petroleum plays, which include fully-connected style (Fig. 11a), fault-unconformity-transient storage relay style

(Fig. 11b), fault-transient storage-unconformity relay style (Fig. 11c), and transient 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-transient storage reservoirs, upper-

transient storage reservoirs and margin-transient storage reservoirs (Fig. 12). 

5.3.1 The model of reservoirs upper-transient storage
The reservoirs  described as  upper-transient storage  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  a  transient  storage-fault  relay  style.  The  hydrocarbon  that

accumulated in the transient storage migrated along faults to the traps in the petroleum accumulation network.

The lava-shielded reservoir may exist because of strong volcanic activity during the Permian to Early Triassic (Liu et

al., 2012).

5.3.2 The model of reservoirs inner-transient storage
The  reservoirs  described  as inner-transient  storage  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 (well DH1-5-5), up-dip

pinch-out sandstone and channelized sandstone reservoirs (Fig. 12k), may exist in the transient storage of the J IV

braided river deposits (Fig. 12h), in which hydrocarbon migrated by a fully-connected hydrocarbon source network



style  (Fig.  11a),  a  fault-unconformity-transient  storage  relay  style  (Fig.  11b)  or  a  fault-transient  storage-

unconformity-transient storage relay style (Fig. 11c) to the transient storage traps and accumulated. 

5.3.3 The model of reservoirs margin-transient storage
The reservoirs described as margin-transient storage are located in the margin of the transient storage and

are mainly related 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 a different composition that can

form  a  different  reservoir  type  (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-reservoirs (Fig. 12l), truncate-

reservoirs (Fig. 12m), erosional-remnant-reservoirs (Fig. 12n), and stratigraphic-reservoirs (Fig. 12o), 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

unconformity interface between the Jurassic and Carboniferous is 3 to 5 meters thick which is widely distributed,

according to well data (Fig. 7). The failed exploration well DH2 and DH3 that tested the unconformity reservoir

also indicates that the targets are high risk. The drilling results of well DH22 show that a thick lacustrine mudstone

sits  above the unconformity  interface between the Jurassic  and the Pre-Carboniferous,  meaning buried-hills-

reservoirs may exist in the study area. Erosional-remnants formed by differential weathering in the Jurassic strata,

and the hydrocarbon migrated to the traps by a fault-unconformity relay style, such as the DH12 reservoir in the

Jurassic. 

5.4 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 process of the formation of fault mesh reservoirs. Three times hydrocarbon charged

history  can  be  concluded  following  Zhang  et  al.,  (2012)  and  Zhang  &  Luo  (2012)  who  had  been  used  the

homogenization temperature of salt water inclusions associated with hydrocarbon inclusions in the well DH11 and

K-Ar  dating  of  authigenic  illite  of  Devonian  sandstone  reservoirs  in  the  well  Ha6  from  the  Halahatang  sag,

respectively  (Fig.3).  The timing of  hydrocarbon charging are following in order: Late Permian to Early Triassic

charged with hydrocarbon oil,  Jurassic to Cretaceous charged with hydrocarbon oil and Late Neogene charged

with hydrocarbon gas originated from underlying liquid hydrocarbon cracking and kerogen degradation (Zhang et

al., 2002; Zhu et al., 2013; Lei et al., 2019) in which we divided it into two sub-periods according to the time-space

collocation between the fault mesh and hydrocarbon generation, the section 5.2 we discussed.

The first stage (Permian to Triassic)

The hydrocarbon originated from an O 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 Permian to the

Triassic  (Fig.  13g,  h)  and was  directly  connected with  fresh water. Thus,  the reservoir  formation period was

simultaneous with hydrocarbon accumulation and experienced water washing and biodegradation. The bitumen

formed near the unconformity interface and partial reservoir at the base of the Donghe sandstone reservoirs

underwent long-term biodegradation (Fig. 13d), and bitumen exists in well DH13 (Table 1), located in the saddle.



There was strong volcanic activity during the Permian to the Triassic, we suggest that the high contents of CO2 and

N2 in the Donghe sandstone reservoir was due to volcanic degassing.

The second stage (Jurassic to Cretaceous)

This stage can divided into two sub-stages based on the hydrocarbon generation periods. In the first sub-

stage, during J1-2 before hydrocarbon generation, the hydrocarbon reservoirs that accumulated in the transient

storage of the Donghe sandstone during the Permian to the Triassic migrated by a fully-connected hydrocarbon

source network along fault F5 to the Jurassic traps. The second sub-stage was the hydrocarbon generation period

during the J3 to Cretaceous. The hydrocarbon migrated by a transient storage-unconformity relay style and fault-

unconformity  relay style to the Donghe sandstone transient storage traps,  J IV braided river deposits  transient

storage traps, and JIII alluvial fan petroleum accumulation network and accumulated (Fig. 13c). The Jurassic strata

were  then  buried  to  a  depth  shallower  than  500  meters  in  this  stage  (Fig.  13f),  a  depth  conducive  to

biodegradation. 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 by 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

JIV braided river deposits and petroleum accumulation network of the J III alluvial fan deposits and accumulated to

form a reservoir (Fig. 13b). The normal oil in the Jurassic reservoirs was accumulated in this stage. 

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 was dissolved

and the light hydrocarbon fraction migrated to the traps by faults and the unconformity and formed condensate

and light hydrocarbon (Silverman, 1985; Thompson, 1987, 1988; Masterson et al., 2001; Meulbroek et al., 1998).

There is evidence of condensate reservoirs formed by gas washing in the Ordovician and Carboniferous reservoirs

in  the Tazhong and Tabei  Uplift,  Tarim Basin (Zhu et  al.,  2013;  Chen et  al.,  2014).  The gaseous hydrocarbon

originated from the same source rock in the Donghe sandstone and the Jurassic reservoirs, which 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 washing. The light

hydrocarbon fraction was formed by gas washing when it  migrated along faults and the unconformity to the

Jurassic traps and accumulation to form condensate reservoirs (Fig. 13a).

There are multiple periods of hydrocarbon accumulation and adjustment, and hydrocarbons migrated and

accumulated by 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 IV formation in different fault

mesh types (Fig. 11). The hydrocarbon that originated from the Ordovician source rocks of the southern Manjiaer

Depression temporarily accumulated in the transient storage of the Donghe sandstone during the Permian to the

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  to  the  Miocene.  These  hydrocarbons

migrated along a fault mesh and adjusted to the Jurassic transient storage and petroleum accumulation network

and accumulated in the Jurassic traps, forming secondary condensate reservoirs in the Jurassic.

5.5  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



determined the different exploration targets in the Carboniferous Donghe sandstone and the Jurassic. The main

target  in  the  shoreline  deposits  of  the  Donghe  sandstone  is  fault-related  reservoirs  because  of  the  lack  of

mudstone. Faults are a three-dimensional geological body with complex architecture (Chester et al., 1993; Caine

et al., 1996; Childs et al., 1997; Aydin, 2000; Yielding et al., 2000), and the faults with sandstone self-juxtaposition

can seal laterally through fault rocks and deformation bands (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 mechanisms, and formed fault-block reservoirs

(Fig. 14a). The discussion of sandstone self-juxtaposition faults closure is beyond the scope of this study and is not

discussed here. The lava-shielded reservoirs may exist in the transient storage of the Donghe sandstone because

of volcanic activity during the Permian to the Triassic (Fig. 14b).

The exploration target related to the inner-transient storage and upper-transient storage can be found in the

Jurassic. For the JIV braided river deposits of transient storage, the channelized lithologic related reservoirs (Fig.

14c) and sandbank lenses stratigraphic related reservoirs (Fig. 14d) are present due to the migration of channels,

and fault-block reservoirs related to the channel sandstone and faults (Fig. 14e). The J III formation is an alluvial fan

depositional system as a petroleum accumulation network, the related of upper-transient storage reservoirs can

be found with composition of JIV braided river deposits, such as stratigraphic related reservoirs for the fast change

of rock facies (Fig. 14f).

6 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,  NW China.  The

hydrocarbon accumulation process of fault mesh petroleum plays is the key reason that there are multi-strata

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 JIV and JIII formation combination in the Jurassic strata.

(3) The hydrocarbon 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 and migrated by a

different 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 for 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 compositions of

the fault mesh units can form three categories,  including upper-transient storage, inner-transient storage and

margin-transient storage reservoirs, as well as 15 types of reservoirs.
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Figures

Fig. 1. A, B, C are the structural locations of 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.

Fig. 2. The geological column map in the Donghetang area. The petrophysical properties in the DH11 well core

section of the Carboniferous Donghe sandstone from the well core data.  



Fig.3.  The depth-thermal  history and hydrocarbon charging periods of  the Donghe sandstones reservoir,  DH1

oilfield,  and  the  rectangle  filling  with  grey  marks  the  Donghe  sandstones.  The  histogram  of  homogeneous

temperature of salted-water inclusions associated with hydrocarbon inclusion in the well DH11 is after Zhang et

al., (2012). 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 well Ha6 from the Halahatang sag.



Fig. 4. The RMS amplitude of the JIV formation and JIII formation and its interpretation. Partial hydrocarbons are in

wells distributed in the JIV and the JIII formations. The legend of the hydrocarbon well is shown in Fig. 1F.



Fig. 5. The structural evolution of the Line B-B’. The profile location and fault numbers are shown in Fig. 1D.



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 JIV formation and the JIII formation. N is the sample number.

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 IV formation is between T2 and T3. The petroleum accumulation

network of the JIII formation is between T1 and T2. There is a basal conglomerate with a thickness of 3 to 5 meters

above the unconformity contact between the Jurassic and older strata. The well location is shown in Fig. 1D.



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. 1D.

Fig. 9.  Plot of (2-methyhexane+2,3-dimethylpentane) vs. (3-methylhexane+2,4-dimethylpentane).



Fig. 10. The time-space collocation between the hydrocarbon generation and fault mesh. The fault numbers and

locations are shown in Fig. 1D. EF, extensional faults in the Jurassic; PAN, petroleum accumulation network. The

dotted line with arrows is the strata that the faults cut, the grey solid line is 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. 



Fig. 11. The carrier system style of the fault mesh in the study area.

Fig. 12. The reservoir models in the study area.



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. 1D.



Fig. 14. The model of fault mesh petroleum plays in the study area, not to scale. Please see the text for additional

details.



Tables

Table 1. The oil properties and bulk composition of the Carboniferous Donghe sandstone and the Jurassic.

Strata Well
Well test Depth,

meter

Re+Asp

（%）

Wax（

%）

Sul（

%）

Viscosity

（50℃）

Density

（20℃）

（g/cm3）

Sat Aro Re Asp Sat/

results （mPa·s） (%) (%) (%) (%) Aro

Donghe

Sandstone

DH1 Oil

5726-5746 11.7 4.8 0.7 6.9 0.863

5756-5800 11 7.6 0.7 5.7 0.858 60.2 18.8 12.8 7.9 3.2

5810-5819 12.2 5.25 0.9 12.47 0.882

DH1-5-8 Heavy oil 5821-5839 42.53 14.21 1.86 4700 0.9202

DH11
Oil 5712-5724 25.1 11.9 nd 5.6 0.858 53.7 21 5.3 4.4 2.56

Condensate oil 5728-5739 0.763

DH13
Heavy oil 5830-5858.5

Bitumen 5871-5886

DH1-H4 Oil 5835-6250 11.1 5.3 0.42 6.71 0.8569 39.9 5.8 5.4 47.5 6.9

DH1-H5 Oil 5864-6365 8.48 9.39 0.66 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

DH1-H18c Oil 5981-6016 7.77 6.2 0.78 6.227 0.8707 48.2 15.8 8.5 25.7 3.1

DH1-H17 oil 5948-6348 9.41 4.99 0.71 6.955 0.8571 71.4 14.9 4.7 7 2.6

DH20
Oil 5796-5810 13.8 5.8 0.9 15.2 0.885

Heavy oil 5958-5970 29.1 nd nd 5617.11 0.9813

DH4 Oil 6068-6085 6.5 5.8 0.7 6 0.85 38.8 17.8 14.5 27.9 2.2

JIV

DH20 Condensate oil 5480-5490 nd 6.4 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

DH12 Condensate oil 5483-5491 4.87 3.15 0.24 1.3 0.7994

JIII

DH11 Heavy oil 5440-5450 nd nd nd 374.7 0.9478

DH20
Condensate oil 5439-5443 0.5 2 1 0.83 0.7651

Heavy oil 5446-5454 nd nd nd 5600 0.9814 25.57 25.28 8.81 39.78 1.01

DH23 Condensate oil 5436.7-5445 nd nd nd 1.18 0.8023



Re:  resin; Asp:  asphaltene;   Sul:  sulfur;  Sat:  saturated hydrocarbons;  Aro:  aromatic hydrocarbons;  Sat/Aro:  the raio  of  saturated hydrocarbons  to  aromatic

hydrocarbons; nd, not determined; a blank space means there is no test data. 

Table 2. The geochemistry parameters of the Donghe sandstone and the Jurassic reservoirs. 

Strata Well Sample type
Depth

meter

Max

peak
CPI OEP ∑C21-/∑C22+ Pr/nC17 Ph/nC18 Pr/Ph

Carbonchain

range

Donghe

sandstone

DH1

Oil 5766.5 14 0.89 1.05 5.18 0.32 0.42 1 C12-C34

Oil 5792 17 0.99 1.27 2.32 0.34 0.4 0.87 C13-C30

Oil 5802 14 1.05 1.01 1.61 0.34 0.41 0.89 C11-C34

Oil 5811.5 19 1.08 1.06 1.34 0.34 0.4 0.81 C12-C35

Oil 5815.5 19 0.99 1 0.85 0.32 0.41 0.49 C13-C36

Oil 5825 21 1 1 1.08 0.31 0.38 0.82 C13-C35

DH1-H17 Oil 5948-6348 21 1.05 1.04 1.35 0.31 0.41 0.71 C10-C36

DH20
Oil 5699.3 26 0.99 0.99 0.17 0.56 0.53 0.65 C15-C38

Oil 5704.6 31 1.01 1 0.11 0.89 0.69 0.57 C16-C38

DH1-H4 Oil 5835-6240 20 0.98 1 0.85 0.24 0.42 0.32 C11-C36

DH1-6-8 Oil 5726-5809 21 1.08 1.06 1.22 0.32 0.42 0.7 C10-C36

DH1-7-6 Oil 5483-5488 19 1.02 1.01 1.38 0.38 0.41 0.83 C14-C36

DH1-7-9 Oil 5767-5802 18 1.09 1 1.62 0.35 0.43 0.8 C11-C38

DH4 Oil 6068-6085 19 1.05 1.05 1.39 0.36 0.36 0.72 C15-C36

DH6 Oil 5985-5998 19 1.03 1.04 1.16 0.4 0.46 0.78 C14-C37

JIV

DH20 Oil 5480-5490 19 1.03 1.04 1.16 0.4 0.46 0.78 C14-C37

DH1-5-5 Oil 5483-5488 19 1.03 1.04 1.16 0.4 0.46 0.78 C14-C37

JIII

DH30

Asphaltic sand 5418.9 20 1.03 0.96 0.86 0.24 0.42 0.33 C11-C36

Asphaltic sand 5417.5 19 0.96 0.99 1.04 0.24 0.36 0.44 C10-C36

Oil 5424-5426 20 1.1 0.93 1.19 0.31 0.48 0.47 C10-C32

DH20 Heavy oil 5444-5451 17 1.04 nd 0.95 0.31 0.38 0.83 C15-C37

DH1 Oil sand 5453 19 1 1.06 2.41 0.39 0.38 0.91 C13-C35

Oil sand 5455 18 0.91 0.96 2.77 0.41 0.39 0.92 C13-C35



Oil sand 5465 19 1.11 1.25 2.32 0.39 0.4 0.98 C12-C35

nd, not determined. 

Table 3. The components of natural gas of the Donghe sandstone and the Jurassic

Strata Well
Depth

meter
C1（%） C2+（%） CO2（%） N2（%） C1/C1+(%)

Relative

density

Donghe

sandstone

DH1
5726-5746 39.87 18.7 18.23 21.61 68.1 1.066

5756-5800 43.92 15.46 19.35 20.98 74 1.009

DH11 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

DH1-5-5 5745-5795 43.24 10.22 22.24 24.3 80.9 0.98

DH1-H18c 5981-6016 34.5 7.8 31.1 26.6 81.6 1.049

JIV DH20 5480-5490 82.59 11.24 1.75 4.42 88 0.68

JIII

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

C1, methane; C2+, ethane and its heavier components; C1+, total hydrocarbon components.



Table 4. The light hydrocarbon parameters of natural gas of the Donghe sandstone and the Jurassic

Strata Well Depth,meter a(%) b(%) c(%) d(%) e(%) f g k1 m n

Donghe

sandstone

DH1-H4 5835-6240 46.2 30.5 10.4 4.02 1.77 2.56 0.79 1.03 0.26 0.59

DH1-H5 5864-6365 51.8 25.7 14.3 0.07 0.64 5.33 1.27 1.06 0.38 0.63

DH1-6-8 5726-5809 50.0 27.4 2.6 0.18 0.91 4.98 1.37 1.08 0.37 0.67

DH1-7-9 5767-5802 48.9 23.8 1.8 0.07 0.33 4.09 1.06 1.12 nd 0.47

DH1-H17 5948-6348 45.1 19.5 2.1 0.12 0.63 4.86 1.22 1.13 0.39 0.68

DH6 5985-5998 34.2 12.0 3.8 11.58 4.49 5.6 1.39 1.13 nd 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

JIV
DH20 5480-5490 46.37 33.79 9 3.36 4.44 3.89 1.01 1.07 0.49 0.5

DH1-5-5 5483-5488 39.04 33.27 14.7 4.02 1.77 2.56 0.79 1.03 0.59 0.54

JIII

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 32.31 16.07 2.5 3.92 3.53 0.92 1.16 0.7 0.59

Definitions of  compositions:  a,  n-alkanes;  b,  branched  alkanes;  c,  cycloalkanes;  d,  benzene; e, toluene; f,  2-methylhexane;  g,  2,3-

dimethylopentane;  k1,  (2-methylhexane  +  2,3-dimethylopentane)/(3-methylhexane  +  2,4-dimethypentane);  m,  isopentane/n-pentane;  n,

isohexane/n-hexane
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