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Abstract: The oleanane parameter, i.e., OP (oleananes/(oleananes+Cjyhopanes); in ihe two sedimentary
columns of the Beibuwan Basin, South China Sca, can be used ¢ delimit the top of oil generation
window, with R, (/%) of 0.53 in Wel! M{1 and 0.55 in Velis H1/Hd1/Hd2, respectively. Comparing with
vitrinite reflectance (R,/%), the OP features a dynamic range and can indicate the oil generation
window more precisely. By using OP and other geochemical indices, the oil-source correlation is also
conducted. It suggests that the oils in wells M1 and M2 are derived from the source rocks in situ. The
mudstone in Huachang uplift is not the main source rocks for oils in this area. The OP is also a useful
oil-source correlation parameter in some Tertiary lacustrine basins.
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1 Introduction

Oleananes were first discovered in Nigerian petroleum
more than three decades ago (Whitehead, 1974). Their
apparent restrictions, initially to Tertiary Nigerian Basin,
made them appear to be geochemical “oddities” — too
provincial to be of wide geochemical applicability unlike
their more ubiquitous hopane counterparts (Ekweozor and
Udo, 1988). However, the compounds have been found in
oils and rock extracts in many other late Mesozoic-
Cenozoic basins around the world. Examples include the
Po Basin (Riva et al., 1986), the Beaufort-Mackenzie Delta
(Brooks, 1986a, b; Curiale, 1991), the Gippsland Basin
(Philp and Gilbert, 1986), Brazil (Mello et al., 1988),
Taranaki Basin (Killops et al., 1994, 1995), Japan (Waseda
and Nishita, 1998), lignites in Greece (Fowler et al., 1991),
and China (Fu and Sheng, 1989). Hao et al. (1998) has
reported the present of high content of oleananes in oils
from the Yinggehai Basin, South China Sea.

Due to its origin from betulins (Grantham et al., 1983),
teraxerene (ten Haven and Rullkétter, 1988) and other 34-
functionized pentacyclic triterpenoids (e.g., aymyins)
(Whitehead, 1974; Rullkotter et al., 1994) that are known

exclusively from angiosperm higher land plants
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(Moldowan et al., 1994, and references therein), oleanane
has become a useful marker for both source input and
geological age (Peters et al., 2005). Nevertheless, several
observations show that the abundance of oleananes in an oil
or sediment is not simply controlled by the degree of land
plant contribution of the organic matter (Murray et al.,
1994; Murray et al., 1997). Some researchers thought that
the main fate of the precursor oleanenes in coal swamps
and lakes is not hydrogenation but partial or complete
aromatization (Murray et al., 1997). The abundance of
oleananes is likely to be highly sensitive to changes in E,
and pH during early diagenesis. Murray et al. (1997) also
found that a marine influence during early diagenesis
increases the abundance of oleananes in sediments and oils
and reduces skeletal alteration and aromatization.

Two isomers of 18a-(H) and 184-(H) oleanane are found
in petroleum, and the latter is thermally less stable (Riva et
al., 1986). Therefore, the relative concentration of these
two isomers can be used as maturity index.

The oleanane parameter (OP) proposed by Ekweozor
and Udo (1988) 1s used to monitor the combined abundance
of 18a-(H) and 18f-(H) oleananes relative to the
Cjhopane. The OP (oleananes/(oleananes + Cjyyhopane))
increases from low values in immature rocks to a maximum
at the top of the oil-generation window (TOGW),
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remaining relatively stable at greater depth (Ekweozor and
Udo, 1988; Ekweozor and Telnas, 1990).

This paper reports the occurrence of oleanane in rock
extracts and oils from the Fushan Depression, Beibuwan
Basin, South China Sea, and studies the depth-trend with
thermal evolution and its application to oil-source rock
correlation in the Tertiary hydrocarbon-bearing basin.

2 Geological Setting

Situated north of the Hainan Island and south of the
Qiongzhou Strait, the Fushan Depression is one of the
many Mesozoic-Cenozoic rifting half-grabens in the
northern continental shelf of the South China Sea. This NE-
E trending depression forms the southeastern portion of the
Beibuwan Basin (Fig.1), filled with over 9000 m oi
Cenozoic sediments in an area of approximateiy 3000 kin’,
one third of which is offshore.

Hydrocarbon exploratton in the Fushan Depression
began at the end of 1950°s, with approximately 70 wells
being drilled in the subsequent three decades. Major
discoveries up to date include light oils and gas condensates
in the Huachang uplift and Jinfeng faulted nose structure,
and normal gravity oils in the Meitai fault blocks (Fig.1).

Four orogenic events occurring during the late Mesozoic
to Neogene controlled the tectonic evolution and
sedimentary filling of the Beibuwan Basin (Gong, 1997;
Qiu and Gong, 1999; Zhao, 2007). The Late Cretaceous
Shenhu orogeny resulted in a number of grabens and half-
grabens. The Paleocene to Eocene Zhuqiong orogeny was
the main period of rifting, responsible for the formation of
the present Beibuwan basin configuration. In the early
rifting stage, the basin was mainly filled with alluvial and
fluvial red pebbled sandstones and mudstones of the
Changliu Formation (Ec). In the late rifting stage, organic-
rich mudstones of the Liushagang Formation (E»/) were
deposited in a series of well-developed lakes, forming the
most important hydrocarbon source rocks. The Liushagang
Formation is the time equivalent of the Wenchang
Formation in the Pearl River Mouth Basin (PRMB) (Zhang
et al., 2004; Qiu and Gong, 1999). Major boundary faults
occurring in this period controlled the framework of the
Fushan Depression. During the late Oligocene Nanhai
orogeny, the area was dominated by a shallow lake and
swamps, leading to the formation of organic-rich
mudstones with thin coal interbeds of the Weizhou
Formation (E;w), the second important source unit in the
basin. At the late stage of the Nanhai orogeny, the area was
filled with shallow marine deposits, intercalated with
fluvial sediments in the second member of the Weizhou
Formation. During the Neogene Dongsha orogeny, block
faulting dominated the basin evolution. The orogenic

events described above were usually accompanied by
extrusive volcanism, resulted in a series of uplifted and
subsided blocks during the deposition of the Jiaowei (Ny),
Dengloujiao (N d) and Wanglougang (N,w) Formations (Li
et al., 2007a).

The Fushan Depression is bounded by the Lingao Fault
in the northwest, Anding Fault in the south, and Changliu
Fault in the southeast (Fig.1). It bears the characteristics of
typical half-graben rifting basin. The structural subunits
include the northern fault blocks (deep slope), central
structural belt and southern slope. Majority of oil and gas
discoveries occur in the central structural belt, mainly in the
Huachang uplift. The knowz petroleum reservoirs in the
Fushan Depressior include payzones in the E,/°, E,/* and
E,!' Members of the Liushiagang Formation (Fig. 2). Oils in
the Huacharg and Meitai oil and gas fields mainly occur in
E,I and are dominated by light oil or condensate with an
average gravity of 45° (API).

The coarse sandstones formed in the braided fan delta
front are the main reservoirs in the E./ pools, with an
average porosity of 16.8% in the Huachang oil/gas field and
13.1% in the Meitai. The fine-grained sandstones of the fan
delta front facies form the main reservoir rocks in the E,l'
pools, with an average porosity of 15.5% in the Huachang
oil/gas field, and 8.8% in other areas. Regional
hydrocarbon seals include the 100-500 m of thick lacustrine
dark mudstones in the E212 section and the upper Ezll to
middle E/" section (Li et al., 2007a).

3 Experiment

Twenty one core and cutting samples were collected
from Well M1 (in Meitai structure) and Wells Hd1/Hd2/H1
(in Huachang uplift) for vitrinite reflectance measurement.
The vitrinite reflectance values (R/%) were measured on
polished rock blocks using a Leica Model MPV-SP
microscopic photometer. Rock-Eval analyses were carried
out on approximately 50mg crushed cores, using a Rock-
Eval 6 instrument in which the oxidation oven was
programmed to ramp temperature between 400°C and
800°C. The rock samples were extracted using a Soxhlet
extractor with about 500mL solvents of dichloromethane
and methanol (83:17 v/v). Five oil samples from 5 wells
were collected from the Huachang and Meitai oil and gas
fields. The oils and the extracted bitumens were
fractionated into saturated, aromatic hydrocarbons, and
polar compounds (NSOs and asphaltenes) using open
column chromatography and a series of elution solvents
with increasing polarity.

The saturate fractions were analyzed by using gas
chromatography (GC) and GC-selected ion and full scan
(GC-MS). Gas

mass spectrometry chromatography
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Fig. 1 Map (a) showing the location of the Fushan Depression, Beibuwan Basin; map (b) showing the schematic structures of

the Fushan Depression, and the sampling wells.

Legend: | — Coastline; 2 — Boundary of basin; 3 — Fault; 4 - Oil/gas field; 5 — National boundary; 6 — Depression/Uplift; 7 — Well sampled; 8 — Well;

9 — Main fault; 10 — Fault; 11 — Hypothetical boundary (after Li et al., 2007a).
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Fig. 2 Stratigraphic column showing the lithology and sampling sites in this study, and Mass
Chromatograms (m/z 191) showing the distribution and composition of hopanes, oleananes,
diahopane and other triterpanes of source rock and oils samples from Well Hdl, the Fushan

Depression.

Note: CoyH = Cynorhopane; C,Ts = 18a(H)-30-norneohopane; CiH = Cy17a(H)-hopane: C;;H-22§ = C3-homohopane

(22SY; C3H-22R = C;;-homohopane (22R).

analysis was carried out using a Agilent 6890 GC equipped
with a SE-54 fused silica capillary column (30m x 0.25mm
ID) with a 0.25 pum coating thickness. Helium was used as
the carrier gas. The oven temperature was initially set at
100°C and programmed to 300°C at 4°C /min, with a final
hold at 300°C for 30 minutes. GC-MS analyses were made
using a Thermal Finnigan Trace-DSQ mass spectrometer
coupled to a HP 6890 GC equipped with a HP-5MS column
(30m x 0.25mm ID) with a 0.25 um coating. Helium was

used as the carrier. The oven temperature was initially set at
50°C, and programmed to 120°C at 20°C /min, to 250°C at
4°C /min, then to 310°C at 3°C /min with a final hold of 30
min. Electron ionization was employed (70 eV).

The oleananes were identified on the mass
chromatograms (m/z 191), by the relative retention time
and mass spectra, referring data published (Nytoft et al.,
2002). The compound lupane could coelute with the peak
of oleananes. However, the absence of diagnostic m/z 369
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peak on mass spectra (referring Nytoft et al., 2002) indicate
that the lupane in the studied rock and oil samples is present
only in trace amount.

4 Results and Discussion

4.1 Characterization of organic matter

TOC (total organic carbon) values of Wells HI/Hd1/Hd2
range from 0.33% to 1.59% with an average of 1.08%.
Except for the Rock21 (0.33%}), all samples can be served
as effective source rocks. The average TOC value in Well
M1 is 1.42% with a minimum of about 1.0%.

Based on the pseudo-van Krevelen diagram (HI-Tmax)
and maceral compositions, the organic matter in the Eocene
Liushagang Formation (E/) of Wells M1, and H1/Hd1/Hd2
is dominated by type Il to III kerogen (Li et al.,
unpublished data). It is better in quality for the Well M|
than the Wells HI/Hd1/Hd2.

4.2 Depth-trend of OP

Figs. 3a and 4a present the profiles of the downhole
variations of OP for Wells M1 and H1/Hd1/Hd2. In the
former, the OP value increases from 0.06 at a depth of
1820.0 m to a maximum of 0.19 at 31154 m, and then
decreases to 0.15 at a depth of 3326.0 m (Fig. 3a). Wells
HI/Hd1/Hd2 shows a similar relationship except for
Rock21. The OP value increases from 0.11 at a depth of
2437.0 m to a maximum of 0.21 at 3545.0 m (Fig. 4a). This
trend is similar to those found by Ekweozor and Telnzs
(1990) in Niger Delta. However, the OP values are
relatively lower in the Fushan Depression.

The OP of Rock21 is abnormally higher than that of
adjacent samples. It is as high as 0.62. The oleanane peak in
mass chromatogram (m/z 191) is apparently higher than
that of Cyshopane (Fig. 2). This abnormality can be caused
by three possible processes, including diagenesis,
variations in organic facies or contaminating.

The trend of OP in Niger Delta also gets a maximum
point at certain depth (Ekweozor and Telnzs, 1990) and is
interpreted as the generation of oleananes during
diagenesis. However, this abnormally high OP in Well Hdl
is apparently different from the maximum value of Niger
Delta. It is three times higher than that of the sample
approximately 110 m shallower.

The alternation interpretation is variations in local
organic matter input or depositional environment, namely
the organic facies. This conclusion may be supported by
extra higher Ts/(Ts + Tm) and Csydiahopane/C;sphopane
(0.88 and 0.73, respectively)(Fig. 3b, c and Fig. 4b, c). Ts/
(Ts + Tm) is a useful maturation parameter to correlate
source rocks with similar depositional environment (Peters
et al., 2005).

The diahopane is also affected by depositional
environment. It is usually abundant in oxic and acid clay
environment (Peters et al.,, 2005). The characteristics of
high OP, Ts/(Ts + Tm) and Diahopane/Cshopane
supported the conclusion that the abnormality of Rock21
sample is likely due to variations in depositional
environment and source input. However, all rock samples
in Wells H1/Hd1/Hd2 have similar Pr/Ph value. It ranges
from 2.41 to 4.18 with an average of 3.0, which indicate
typical oxic depositional (Table 1).
Furthermore, the bitamen of this sample is featured by very
high maturity. For example, the MPI-1 and TNR-2 is 0.77
and 1.19 respectively, which is apparently not consistent
with the maturation of rocks reflected by vitrinite
reflectance (R, = 0 54%) ani much higher than that of
sampies with a dep'k only 111m shallower (0.77 vs. 0.49,
1.19 vs. £.94, respectively). Thus the variations in organic
facies can be ruled out.

The possible reason is the contaminating. Rock21 was
sampled from the mudstone interval of Well Hd1. It is only
about five meters thick and embedded by sandstone beds.
The sandstone beds are payzones in Well Hd1 (Fig. 2). This
rock sample is likely contaminated by oils from sandstones.
This conclusion can be supported by the similarity of mass
chromatograms of Hdl oil and Rock2i rock sampies. Both
of them have special high concentration of oleananes,
diahopane, high Ts/(Ts + Tm) values and high maturation
molecular parameters. Another piece of evidence is that
this rock sample has especially lower organic carbon
content (TOC: 0.33%). The bitumen “A” to TOC ratio,
however, is much higher (0.17) than any other samples
(with an average of about 0.07) (Table 1). The high content
of bitumen “A” might be contributed by migrated oils.
Therefore, the abnormality in molecular compositions of
Rock21 may be contributed by contamination of oils from
Well HdI.

environment

4.3 Relationship between OP and some maturity indices

The relationship between the OP maturation profile and
the corresponding downhole variations of vitrinite
reflectance (Ry/%), Ts/(Ts + Tm), and the compound ratios
derived from C;homohopane epimerization maturity
indices are shown in Figs. 3 a, b, ¢ and Figs. 4 a, b, ¢ for
Wells M1 and H1/Hd1/Hd2, respectively. Table 1 lists the
OP values for the studied section and the corresponding
molecular geochemical parameters and reflectance
maturity measurements. In Well M1, the OP turning point,
which occurs at ~3100 m (Fig. 3a), corresponds to 0.53%
(Ry/%). The Ts/(Ts + Tm) value apparently increases
gradually with the increasing of burial depth. It gets a
maximum of 0.64 at the lowermost of the studied
stratigraphic column (Fig. 3b). The values of Cshopane-
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Fig. 3 (a) Depth-trend plots of OP and R, (/%); (b) OP and Ts/(Ts+Tm); (c) diaH/C;p-H and Cs;-H, S/(S+R});
(d)(1,2,5-+ 1,2,7-)TMN /(1,2,6- + 1,6,7)TMN of the source rocks in Well M1 and oils in Wells M1 and M2,

the Fushan Depression.

Note: Ts/(Ts + Tm) = 18a(H)-neohopane/(18a(H)-neohopane + 17a(H)-22,29,30-Trinorhopane): diaH/Cs-H = 17a(H)-
diahopane/(1 7a(H)-diahopane + C;p-17a(H)-hopane); (1,2,5- + 1,2,7-) TMN /(1,2,6- + 1.6,7-) TMN = (1,2,5- + 1.2,7-)

trimethylnaphthalene / (1,2,6- + 1,6,7- ) trimethylnaphthalene.

228/(S+R) gets its equilibrium point at a depth of about
2600m (0.43, R/%), which is apparently shallower than
commonly accepted values of 0.60 (R/%) (Peters et al.,
2005).

Abundant diahopanes also occur in source rocks and oils
from the Fushan Depression (Fig. 2). The Csol7a(H)-
diahopane was identified by Moldowan et al. (1991).
Volkman et al. (1983), Philp and Gilbert (1986) regard this
compound as a possible terrigenous marker due to its

presence in coals and terrigenous oils. Peters et al. (2005)
suggested that the Cspdiahopane may be related to bacterial
hopanoid precursors that have been undergone oxidation in
the D-ring and rearrangement by clay-mediated acidic
catalysis.  Cspdiahopane/Cyshopane ratio has been
developed to investigate the depositional environment for
source rocks. Molecular mechanics calculations predict
that the 17a(H)-diahopane is more stable than 17a(H)-
hopane; thus, the Cspdiahopane/Csghopane can be used as
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Fig. 4 (a) Depth-trend plots of OP and R, (/%); (b) OP and Ts/(Ts + Tm); (c) diaH/C3-H and C;;-H, S/(S + R); (d)
(1,2,5-+ 1,2,7-)TMN /(1,2,6- + 1,6,7) TMN of the source rocks and oils in Wells HI/Hd[/Hd2, the Fushan Depression.

Note: The definition of gcochemical parameters reference to Fig. 3.

maturity parameters (Moldowan et al., 1991). Fig. 3c
illustrates the depth-trend of Csodiahopane/Cyshopane. The
curve is approximately similar to that of OP. The
Cjodiahopane/Csghopane ratio is very low at the depth
shallower than 2600 m. It increases gradually when the
burial depth is higher than that. It also gets a maximum of
about .20 at the depth of ~3100 m, and then begins to
decrease. It suggests that the generation of oleanane and

diahopane may be controlled by the same course of early
diagenesis.

In Well M1, the OP turning point, which occurs at ~3100
m (Fig. 4a), corresponds to 0.55 (R,/%). The depth-trend of
Ts/(Ts + Tm) is approximately as same as that of Well M1,
except for Rock21 sample. There is no turning point in the
curve of Cshopane-22S/(S + R). The Csydiahopane/
Csohopane ratio is very lower before the depth of about
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3000m. It gets the maximum at about 3200 m, and then
remains constant or increases slowly.

There is no consensus among geochemists on the
petroleum-generating potential and the precise boundaries
of corresponding oil-generation window (OGW) of
terrigenous organic matter (Ekweozor and Telnas, 1990).
The hydrous pyrolysis experiment by Lewan and Williams
(1987) indicated that oil generation from resinites is not
likely to occur at low vitrinite reflectance values
(R,<0.6%). In the Tertiary of the Beaufort-Mackenzie
basin, however, naphthenic oils and condensates have been
generated from terrestrial derived organic matter at
maturity of 0.4% to 0.6% (R,) (Snowdon and Powell,
1982). Chen et al. (1999) thought that the main oil
generation window is in ranges of 0.7% to 1.2% (R,) in
Jurassic coal of Northwest China. The commonly used
threshold of oil-generation widow in Tertiary source ricks
of eastern China lacustrine basins is ¢.50% (2. "Thus.
Snowdon and Powell (1982} poinfed out that type III or
terrestrial organic matter can generate oil, condensate, and
gas at varying level of thermal maturation as a function of
the content of resinite, liptinite, and vitrinite within the
organic fraction.

The threshold depth of oil-generation window of
Liushagang source rocks in the Weixinan and Haizhong
Depressions of Beibuwan Basin is about 2400m,
corresponding to the vitrinite reflectance of 0.5% (R,)
(Chen, 1982). However, the maceral composition
variations in different depressions can cause to varying
threshold. Vitrinite reflectance depends on changes of
optical properties of vitrinite particles which are
uninvolved in hydrocarbon generation. The OP value,
however, is based on concentration changes of component
which is actually involved in the oil generation process
(Ekweozor and Telnas, 1990). The depth corresponding to
the OP turning point (threshold) has been interpreted to
coincide with the diagenesis/catagenesis boundary for the
stratigraphic column in Niger Delta (Ekweozor and Telnzs,
1990). Thus the oil-generation thresholds of Well M1 and
Wells H1/Hd1/Hd2 determined by OP, equivalent to 0.53
and 0.55 (R,/%), respectively may be more precisely than
the vitrinite reflectance.

4.4 OP in oil-source correlation and source kitchen
predicting

All corresponding parameters of oils from Well M1 and
M2 are plotted in the Figs. 3a, b, c. Compared with oils
from Wells HI/Hd1/Hd2, oils from Wells M1 and M2 have
relatively lower OP values (0.11). The OP values are
plotted in the range of source rock samples with burial
depth within the oil window (Fig. 3a). The Ts/(Ts + Tm)
ratios of oils from Wells M1 and M2 are about 0.58, which

is approximately equivalent to that of source rock at a depth
of about 3300 m (Fig. 3b). The diahopane/hopane ratios are
also plotted within the range of data of source rocks. All
these evidence indicated that the oils from Wells M1 and
M2 were derived from mudstone source rocks in situ.

All above parameters of the oils from Wells HI, Hd1 and
Hd2 are distinctly different from those of source rock
samples from Wells H1/Hd1/Hd2. For example, their OP
values range from 0.24 to 0.50, which is two times higher
than that of the corresponding source rocks. The Ts/(Ts +
Tm), Csydiahopane/Csphopane ratios are also much higher
(Figs. 4a, b, ¢). It indicates that the oils discovered in these
wells were not mainly sourced from the organic matter in
Huachang Uplift. Thc pyrrolic nitrogen compounds,
dibenzothieghene related  geochemical parameters  all
sazgest that the 01l and condensates of Huachang Uplift are
mainly charged from the Bailian Sag, which is located in
the northeast of Huangchang Uplift (Li et al., 2007b). The
maximum thickness of E,/°, E,/* in Bailian Sag is up to
2300m on basis of seismic interpretation. On basis of
maturity related molecular indices (e.g., Ts/(Ts + Tm),
MPI-1 and TNR-2), the oils of H1/Hd1/Hd2 should be
derived from the source rocks that have had undergone
more maturity evolution. Their elevated OP values may be
owing to the destruction of hopanes. Alberdi and L6pez
(2000) also pointed out that high maturity oils show a
higher OP value than the original organic matter in the
immature and low-maturity-level source rocks. The
hydrocarbons discovered in the Fushan Depression are
dominated by light oils, condensates and natural gas with
high thermal maturity. According to the MPI1 and TNR-2,
the maturity of oils from Huachang Uplift is estimated as
1.0-1.1 (R/%) equivalent (Li et al., 2007b, ¢). We found
that the OP value shows a strongly positive relationship to
other maturity indices, e.g. MPI-1 and 2,4-/1,4-DMDBT
(2,4-/1 4-dibenzothiophene), except for a few samples (will
be discussed in details in other paper), which shows that the
OP indeed increases with the increased maturity in late oil
window. Because no wells have been drilled and no source
rock samples available in depocenter of the Bailian Sag, the
variations in lateral organic facies can not exclusively be
ruled out.

4.5 The possible generation mechanism of oleananes in
the Fushan Depression

Many researchers summarized the processes leading to
the formation of saturated and aromatics oleanoids from 3-
functionsed precursors (for review, see Murray et al.,
1997). Three main processes including hydrogenation,
progressive aromatization and skeletal alteration (loss,
opening or cleavage of the A and C rings) are involved in
the evolution of 3-functionsed precursors. For example,
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1,2,7- and 1,2,5-trimethyl naphthalenes (TMN) are thought
to be generated from the cleavage of C ring of oleanoids.
Here we use the ratio of 1,2,7- plus 1,2,5-TMNs to 1,3,6-
plus 1,3,7-TMNs to represent the relative abundance of
cleavage of C ring to non-source specific naphthalenes
(Figs. 3d and 4d). This ratio in Wells H1/Hd1/Hd2 is about
3.5 at the depth of 1820m. It decreases rapidly with the
increasing depth above 3200m. The decrease may be
resulted from a dilution effect, in which the initial
concentration of 1,2,5- and 1,2,7-TMN is progressively
decreased by 1,3,6-, and 1,3,7-TMNs generated by the
cracking of kerogen.

This ratio gets a minimum of 0.5 at the lowermost
sample of the studied stratigraphic column of wells H1/
Hd1/Hd2. The turning point is at about 3100 m, which is
approximately equivalent to the TOGW obtained by CP
and Cjpdiahopane/Cyghopane. The sample 6f Rock21 has
also an especially low value.

This downhole trend suzgests that ring-C cleavage of
oleanoids may not enhance wiih the increasing of maturity.
Then the aromatization is likely to be the main process that
competes with the hydrogenation of oleananes’ precursors
and leads to the decreasing of oleananes concentration.

5 Conclusions

The study of OP (Oleanane Parameter) for 21 core and
cutting samples of mudstones from two profiles and five oil
samples from five wells in the Fushan Depression, South
China Sea was conducted in order to compare the depth-
trend of OP and vitrinite reflectance, and other geochemical
parameters. All these rock and oil samples contain
relatively abundant oleananes.

The OP increases with the burial depth, and get to its
maximum at a depth of 3000m in Well M1, and 3100m in
Wells HI/Hd1/Hd2, which corresponds the R, value of
about 0.53% and 0.55%, respectively. Unlike R, (%), OP
can precisely indicate the top of oil generation widow
(TOGW). The sample of Rock2l in Well Hdl has
abnormally high OP values, as well as Ts/(Ts + Tm) and
Cjpdiahopane/Cyphopane ratios. All geochemical indices
suggest that it might be contaminated by the oil from the
adjacent sandstone beds.

The OP values, Ts/(Ts + Tm), Diahopane/hopane ratios
all indicate that the oils of Wells M1, and M2 were mainly
sourced from the mudstone of E,/ in situ. All these indices
of oils from Wells H1, Hd1 and Hd2 are apparently higher
than those of rock samples in these wells, which suggests
that the main source rocks for these oils do not locate in the
Huachang Uplift.

It is concluded that the OP is a useful geochemical

indices in the maturity assessment and oil-source

correlation in the Tertiary Fushan Depression.
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