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Abstract: The Markit Slope is an important area for the petroleum exploration in the Tarim Basin.
Elucidation of the oil filling history of discovered oilfields has great significance for recognizing the
accumulation processes of the whole region. Using molecular geochemistry, fluid inclusion techniques and
basin modeling, we studied the oil filling process of the Bashituo Oilfield that is located in the west of the
Markit Slope. The molecular migration indexes, such as the methyldibenzothiophene ratio (4-/1-MDBT),
trimethylnaphthalene ratio (TMNr) and pyrrolic nitrogen compounds content, decrease from west to east,
indicating that the charging direction and migration pathways are from west to east. Lithological analysis
and homogenization temperatures of saline fluid inclusions accompanied with oil fluid inclusions suggest
that two charging periods occurred in the Devonian oil reservoir. Combining the burial history and heating
history of well BT4, Basinmod 1D software modeling shows the two oil filling periods are from 290
Ma to 285 Ma and from 10 Ma to 4 Ma, respectively, and later oil filling dominates. This study may be
helpful to understand the accumulation process and provide useful references for oil and gas exploration

in the Markit Slope.
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1 Introduction

Petroleum charging direction and accumulation period
have been of great importance in petroleum accumulation
studies in the North Sea Oilfield of Europe and Tahe Oilfield
of the Tarim Basin in China (Larter et al, 1996; Li et al, 1994;
2000; Wang et al, 2008). Identification of charging direction
mainly relies on molecular geochemistry and the principals
are easily understood. One depends on the increasing
maturity of source rocks, and the other is the differentiation
between organic molecules on mineral surfaces during
migration. Preconditions and limitation in the application
of traditional methods include entrapment formation, main
generation and expulsion period in source rocks, reservoir
saturation pressure, oil-water interface tracing and event
geology. A preferable way of interpreting and defining the
accumulation period is combining fluid inclusions and single-
well modeling.

National key scientific and technological projects have
estimated the total petroleum resources of the Markit Slope
to be between 38x10% t and 44x10° t while some experts
suggest the resources could even be 67x10° t in the Southwest
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Depression of the Tarim Basin (Liu and Yuan, 2002). A
number of scholars and oil companies have ranked the Markit
Slope as the most prospective petroleum exploration plays
in the Southwest Depression for multiple source layers and
oil shows (Cui et al, 2012). However, only a few petroleum
reservoirs have been discovered, including the Bashituo
Oilfield and Hetian River Gasfield. The Paleozoic strata
of the Markit Slope are deposited on a passive continental
margin, but are quite different from other passive continental
margin basins which have great petroleum resources, such
as the North Sea Basin and the Mexico Basin (Dong and
Xiao, 1998; Zhou et al, 2006). Multiple production layers,
and diverse oil and gas occurrences make it quite complex to
reconstruct the oil filling history and determine exploration
targets. Studies of charging directions can only be seen in
wells Qun4 and QunS5, and accumulation period study has
also been questioned because of geothermal information
constraints and few fluid inclusions measuring spots (Zhao
and Zhang, 2007; Liu, 1997).

Our previous works show that oils from the Markit
Slope can be divided into two oil families by molecular
geochemistry and isotopic value. The oils from the Bashituo
Oilfield are the same oil family, except for the oil from
well Qu 1 (Cui et al, 2011). This paper focuses on the oil
filling by molecular tracing research. Besides, combining
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the burial history, heating history, lithological analysis and
homogenization temperature in reservoir fluid inclusions,
we model and define the accumulation time of Devonian
production layers of BT4 well in the Bashituo Oilfield by
using Basinmod 1D software (PRA company). Definition of
oil filling direction and accumulation time aids in recognizing
the accumulation process and directing further exploration.

2 Sampling and apparatuses

2.1 Geological setting and sampling

As a second structural unit of the Southwest Depression
in the Tarim Basin, the Markit Slope has passive continental
margin sediments in the Paleozoic strata and is located on
the slope and uplift belts in Mesozoic strata. The Bashituo
Oilfield is a structural anticline with its strike of EW (Fig.
1) located in the west of the Markit Slope. This anticline
was accompanied with a north-dip thrust-fault whose dip
angle decreases from top to bottom (Zhou et al, 2006). The
current production layers are the Devonian Donghetang
Formation (D,d) and Keziertage Formation carbonates and

Carboniferous limestones of the Bachu Formation. Light
oils were abundant in fracture zones and spread in several
members and beds, showing a complex accumulation process.
The crude oil density of Bashituo Oilfield ranges from
0.712 to 0.843 g/cm’, the kinematic viscosity is from 0.51 to
6.58 mm’/s, its wax content varies from 0.06% to 9.75%, the
sulfur content is from 0.06% to 0.43%, the freezing point is
from -26 to -35 °C, the initial boiling point is from 46.4 to
200 °C, the content of colloid and asphalt is 0%-7.1%. These
physical properties indicate that the oils are low viscosity,
low wax to waxy, low sulfur and light oils (Fig. 2). Sandstone
samples from D;d in well BT4 have been collected and
diagenesis features were examined by electron microscopy.
The homogenization temperatures of 232 selected points
within 20 m in depth have been measured in saline fluid
inclusions accompanied with oil and gas fluid inclusions.

2.2 Apparatus and conditions

The oils were quantitatively separated into saturated,
aromatic, resin and asphaltene fractions. The saturated and
aromatic fractions examined by GC and GC/MS analysis
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Fig. 2 Reservoir profile of the Bashituo Oilfield and the physical characteristics of oils

respectively. Full-scan GC-MS was performed using
an Agilent 59751 spectrometer interfaced to a 6890 gas
chromatograph equipped with a 60 m fused silica capillary
column (0.32 mm in inner diameter, 0.25 pm in film
thickness) and NIST2.0 searching database. Helium was used
as the carrier gas and the injector was held at 300 °C. The
oven temperature was initially set at 80 °C, and programmed
to increase to 300 °C at 3 °C/min, with a final hold of 15
minutes. A scan from 50 to 550 amu was used in the mass
spectrometric analysis. Electron ionization was employed (70
eV) and the emission current was 300 pA. Fluid inclusion
examination was undertaken using a LINKAM THMS600
with heating/freezing stage 7035 according to EJ/T 1105-1999
temperature measurement standard for mineral inclusions.
The room temperature and humidity were 20 °C and 25%,
respectively.

3 Results and discussion

3.1 Oil filling direction and pathway

Oils from the Baishituo Oilfield have been categorized
as light oils with low resin content. Based on the
dibenzothiophenes (DBTs) and TMNTr indexes, we carried out
the migration tracing study on the Keziertage and Donghetang
Formations. The Bashituo Oilfield is comparatively small
and the oils of the Lower and Middle Devonian Keziertage
Formation, Upper Devonian Donghetang Formation, and
Lower Carboniferous Bachu Formation belong to the same
oil family (Cui et al, 2011). Detailed migration tracing may
be difficult because of limited availability of oil samples.
However, the migration directions and trends can be
determined. In this paper the migration directions of oils
from the Keziertage and Donghetang Formations have been
studied.

Molecular thermal stability and adsorption mechanisms
can interpret DBT ratios to determine petroleum charging
directions. Thermal stability varies in different substitutions

of benzene rings. Alkyl analogs have been reported the most
stable on the C-4(B-) position, and the least stable on the
C-1(a-) position. Therefore, the 4-/1-MDBT ratio increases
because of the relative increase of 4-MDBT with increasing
maturity. The adsorption mechanism could be the hydrogen
bond between lone pair electrons of the sulfur atom in
thiophene and hydrogen atom of the surrounding formation
minerals. A fractionation effect occurs in the adsorption
of thiophene molecules (Wang et al, 2004). Being utilized
successfully to trace migration directions of Ordovician
reservoirs in the Tahe Oilfield, 4-/1-MDBT has been
considered as an effective molecular migration index (Wang
et al, 2008). Well Qun 6 in the Bashituo Oilfield exhibits a
4-/1-MDBT value of 9.8. This ratio decreases from west to
east, 7.7 in well Qun 601, 5.6 in well BK8H and 6.4 in well
BK2 and 4.7 in well BT4 (high spot in the east), indicating its
migrating direction from west to east (Fig. 3).

The principle for tracing charging direction using the
1,3,6-TMNr/(1,3,6-TMNr +1,2,5-TMNr) ratio is that 1,2,5-
TMNTr decreases with an increase of maturity because of
spatial steric hindrance and stability differences of various
substitutions (B->a-). The petroleum charging direction is
consistent with the decreasing trend of TMNTr, which is also
the downward trend of maturity. Reflected in Fig. 4, the
TMNr index in well Qun6 is 0.87 and in well Qun601 is 0.84,
decreasing with the west-to-east geological axis. TMNTr is
0.78 in well BK2, BK8H, and 0.53 in well BT4, indicating
the charging direction from west to east. The TMNr index
in well BT4 is unusually low, which could result from oil in
well BT2 being a mixture from more than one source. The
content of pyrrolic nitrogen compounds is also suggested as a
molecular migration index (Larter et al, 1996; Li et al, 2000).
This also has a decreasing trend from west to east.

3.2 Oil filling times

3.2.1 Evidence from molecule geochemistry
Complete and successive sequences of n-alkanes have
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Fig. 4 TMNr charging figure of Devonian reservoirs in the Bashituo Oilfield

been detected in the light oils of the Bashituo Oilfield
and simultaneously 25-norhopane and UCM (unresolved
compound mixture) were detected (Fig. 5). According to
Peters and Moldowan (1993), these two sequences may not
coexist in the biodegrading sequences. At least two periods of
oil charging are proposed for the Bashituo Oilfield.
3.2.2 Evidence from fluid inclusions

Well BT4 is situated in the east of the east high point of
the Bashituo Anticline. The sandstone cores (medium grain
sandstone) of the Upper Devonian Donghetang Formation
were collected within 20 m for fluid inclusion analysis.
The intergranular pores without oil and fluorescence are
extensively filled with thin and stringy black carbonaceous

asphalt. Several specific fields of view suggested that
pores are filled with non-fluorescing carbonaceous asphalt.
Secondary enlargement of quartz grain widely spreads, but
the quartz grains whose intergranular pores have been filled
previously with carbonaceous asphalt show weak diagenesis
and secondary enlargement. Some intergranular pores are
filled with postdiagenetic calcite.

Two periods of oil and gas fluid inclusions exist in the
sandstones. The first period contains high abundance of
oil and gas fluid inclusions with 70% liquid hydrocarbon
inclusions and 30% gaseous-liquid hydrocarbon inclusions.
The liquid hydrocarbon inclusions are rose beige, brown, light
yellow to deep puce, with light green to green fluorescence
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and are distributed along the early diagenesis tiny fracture of
quartz grains. The second period contains a low abundance
of oil and gas fluid inclusions with 10% liquid hydrocarbon
inclusions and 90% gaseous-liquid hydrocarbon inclusions.
The liquid hydrocarbon inclusions are light yellow and light
green with light green fluorescence and are distributed along
the fracture cutting quartz grains and enlargement rims
(Fig. 6). Based on the fluorescence color, we think that the
early fluid inclusions are of low maturity and the late fluid
inclusions are of high maturity (Przyjalgowski et al, 2005;

Blamey and Ryder, 2009).

The homogenization temperatures of saline fluid
inclusions accompanying the oil and gas fluid inclusions
are between 65 and 121 °C. Based on the column diagram
of the temperatures, we can delineate two accumulation
periods in the saline fluid inclusions: the first period of
temperatures is 80-87 °C and the second is 95-100 °C (Fig.
7). The homogenization temperature would be quite close
to the trapping temperature provided there has been no
later re-equilibrating process in the fluid inclusions which

Fig. 6 Polarized light and fluorescence pictures of two periods of oil & gas inclusions of D,d sandstones in well BT4
at a depth 0f 4,990 m in the Bashituo Oilfield



Pet.Sci.(2013)10:58-64

63

had been saturated with gas (Hanor, 1980; Emery and
Robinson, 1999). It is generally believed that in the layers
containing oil and gas fluid inclusions, the water inclusions
with the same occurrence are saturated with gas. The
homogenization temperature is approximately the trapping
temperature (Nedkvitne et al, 1993). Hence, we could use the
homogenization temperature to determine the accumulation
period (see below).
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Fig. 7 Column diagram of homogenization temperatures in saline fluid
inclusions accompanying the oil and gas fluid inclusions from 4,884 to
4,906 m in D,d in well BT4 in the Bashituo Oilfield

3.3 Accumulation time determined by Basinmod 1D

We carried out basin modeling to understand the whole
process of migration and accumulation. One of the most
valuable basin modeling input parameters is the thermal
history, so we need to use heat flow or geothermal gradient
to obtain thermal history. Previous works suggested that the
Tarim Basin was once a “cool basin” with low terrestrial heat
flow. Nowadays, the heat flow in the Markit Slope is about
45-50 mW/m’ and in the foreland of southwestern Tarim
Basin it is about 40-45 mW/m’ (Table 1) (Wang et al, 1995a;
1995b; 1996). We chose 45-50 mW/m’ for modeling and
adjust with the actual measurement of R, values. Moreover,
a single terrestrial heat flow could not adequately explain
the evolution of the Uplift of the Northern Tarim during
the modeling (Li et al, 2010). It is necessary to consider
variation of terrestrial heat flow with time. Terrestrial heat
flow was high during the early Ordovician, decreased in
early Carboniferous, rose abruptly at the time of the Permian
volcanic activity and then decreased to the current level.

Table 1 Terrestrial heat flow of the Tarim Basin (unit: mW/m®)

Uplift of .
Uplift of Foreland of .
Notﬂ}em Middle Tarim Southwest Tarim Bachu-Markit  References
Tarim
Wang et al,
38-52 60-50 42 (Yecheng) 50 1995a: 1996
Wang et al,
40-45 65-72 30-40 45-50 1995a

Other crucial input parameters in the modeling are the
unconformable plane and erosion thickness. The Tarim Basin
has been defined as a superimposed basin and underwent

several structural movements in geological history,
resulting in multiple strata erosion and unconformable or
disconformable planes. In well BT4 which is located in a
high geological site, only the strata above the Devonian
are penetrated. The closely related contact planes include
the bottom of the Upper Devonian, bottom of the Permian
and the Triassic, Jurassic, Cretaceous, and Paleogene. The
unconformity between Permian and Neogene is the most
important one, and the Neogene Anju’an Formation (N,a)
and Lower Permian contact with each other directly with the
absence of Upper Permian, Triassic, Jurassic, Cretaceous and
Paleogene. The restoration study of the erosion thickness
of the Permian of the southwestern Tarim has been carried
out, which suggested that the thickest erosion occurs in the
Kashi Depression (over 1,200 m) and the erosion thickness is
1,000 m near well BT4 (Mou et al, 2002). We used strata data
provided by the Northwest Oilfield Branch, SINOPEC and
paleogeothermal and erosion thickness data from previous
papers.

3.4 Delineating the accumulation periods

According to the above program, the results should be
corrected with the actual measurement of R, (Fig. 8 the black
cross marks) and the curve of R, (Fig. 8 the right red line) to
validate the reliability of the reconstructed burial and thermal
histories. We drew the conclusion that two accumulation and
charging periods occurred in the D,d reservoir in well BT4 of
the Bashituo Oilfield. The first accumulation period is early
Permian (290-285 Ma) and the second one is Miocene and
Pliocene (10-4 Ma). This study shows good agreement with
the previous research of well Qun4 in this oilfield (Liu and
Song, 2006).

4 Conclusions

Molecular migrating indexes (MMI), such as 4-/1-MDBT
and TMNr, show that the maturity decreases from west to
cast, indicating the oil charging was from the west to the east
in the Devonian formations of the Bashituo Oilfield. That is
consistent with the top surface structure of the Devonian.

Lithological analysis and homogenization temperature of
the saline fluid inclusions accompanied with the oil and gas
fluid inclusions suggest two accumulation periods. Combining
the burial history and thermal history, we used the Basinmod
1D software to estimate the accumulation time and draw the
conclusion that the first period is from 290 Ma to 285 Ma
(early Permian) and the second period is from 10 Ma to 4 Ma
(Miocene to Pliocene) and the later accumulation dominates.

The Bashituo Oilfield is small, and the BT4 exploration
well is consistent with the nearby well Qun4 on oil quality,
molecular composition and filling history. It is rational for us
to extrapolate that the oil wells in Devonian (D,d and D, ,,k)
are accumulated in the same charging period.
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