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Abstract Ten samples of source rocks from the Dongying depression were analysed by organic pet-
rographic and geochemical methods in order to study the influences of deep fluids on organic matter of
source rocks. The results indicate that the organic parameters show different variations under the influ-
ences of deep fluids. The extract yields increase in the samples from the strong fluid zone. The contents
of saturated and aromatic hydrocarbon fractions are lower, whereas the contents of polar compound and
asphalt fractions are higher in the samples from the strong fluid zone. The hydrogen from the deep fluids
might react with organic matter, and resulted in the increase of the extract yields, or deep fluids as catal-
yses for hydrocarbon generation resulted in the increase of the extract yields. The maturity parameters

decrease under the influences.

INTRODUCTION

The role of geofluids in petroleum formation has been studied for a long time (Mann and

Mackenzie, 1990 ; Capuano, 1993 ; Parnell,1994). As pass ways of fluids, faults have been noticed
by many geologists(Hagen, 1988;Daling, 1998; Losh et al. , 1999). Some reservoirs related with
faults and volcanic activity (Jin Qing et al., 1999). According to references, the influences of
deep fluids on organic matter may be in three different kinds: (1) increasing the maturity of or-

ganic matter by thermal activity; (2) reaction with organic matter; (3)as catalyses for hydrocar-

bon generation (Sun,1998;Jin et al. ,1999).
The purpose of this paper is to study the role of deep fluids in hydrocarbon formation. The

deep fluids of this study mean the fluids from deep crust or upper mantle.

The Bohaiwan basin is a petroleum — bearing basin, and formed by Mesozoic — Cenozoic con-

© ER{ENERGY EXPLORA TION & EXPLOITATIONY,2001,19(5)



tinental rifts. Dongying depression belongs to the Bohaiwan basin, and is located in the north of
Shandong Peninsula, the south seashore of Bohai. It was formed by two evolution stages. In early
Tertiary, the tectonic active strongly and the depression sink quicken up. In the late Tertiary, the
tectonic activity is slowdown. Although the entire strata of Cenozoic are observed in Dongying de-
pression, the Lower Tertiary formation is the main source rock and reservoir.

Shengli oil field was found in April 1961 in the Bohaiwan basin. It is the second largest on-
shore oilfield in China. Dongying depression is the largest sub unit of the Shengli oil field. It be-
gan producing oil in 1961. The oil reserve is about 1. 94 billion tons according to the 2000 annual
report of Shengli oil company (unpublished data). Its annual oil production was about 13 million
tons.

The previous study has proved that the deep fluids active strongly, and the CO; and he reser-
voirs have been found in this depression (Xu, 1996;Dai et al. ,2000). Their isotopic and geo-
chemical analyses indicate that the CO; and he are from deep crust and mantle. The second evi-
dence for the activity of deep fluids is that abundant trace metals were determined in the crude oil.
The Au content reaches 132 ppb in crude oil (Lin Qing et al. , 1993), whereas a high Au content
in around rock and the source rock has not been found. This phenomenon may indicate that the
Au is from the deep crust by deep fluid activity. Au and other trace metals from the deep fluids
may act as catalyze for hydrocarbon formation. Furthermore, magma and volcanic actives could be
accompanied with deep fluids. They bring not only trace metals, but also heat energy to source
rock. These heat energy may let the maturity increase of organic matter.

10 samples were taken from five drill cores in the Dongying depression. Six of them were
taken from the source rock in the Daluhu reservoir near the Gaoging — Pingnan fault, and this area
is named as strong fluid zone in this study. Four of them were taken from the source rock in the
Niuzhuang reservoir which is far from the fault, and this area is named as weak fluid zone. The

weight of every sample is about one kilogram.

2 EXPERIMENTAL

2.1 Petrographic Analyses

The maceral composition was analyzed on polished blocks under reflected white light.
Vitrinite reflectance was measured using a Leitz MPV3 reflected light microscope that is
fitted with a halogen lamp. The reflectance was measured using a oil immusion objective (32x)
under 546 nm filtter. The measurement was calibrated using a Leitz glass standard ( Ry =
0.889%).

2.2 Solvent extraction and liquid chromatography

Finely ground coal samples were extracted by Soxhlet — extract method for 24 h. Prior to
GC — MS analysis, the extracts were separated into three fractions by column chromatography us-
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ing pre — washed silica gel (70 — 230 mesh, 50(1 cm)). The alkanes were eluted with n — hex-
are, the aromatic hydrocarbons with dichloromethane and the polar compounds (heterocom-

pounds) with methanol (40 ml of each solvent).

2.3 Organic Carbon Analysis

The total organic carbon (TOC) content was measured using a Leco CR ~ 12 carbon determi-
nator. Carbonates were removed from the samples by prior treatment with concentrated hy-

drochloric acid.

2.4 GC and GC/MS analyses

The gas chromatographic (GC) analyses were carried out on a Varian — 3700 gas chromato-
graphy fitted with a silica capillary column 20m (0.2mm i.d.), temperature programmed from
80 to 320°C at 4°C /min.

GC/MS analyses were performed on a Finnigan — Mat 4021C GC—MS. A fused silica capil-
lary column 25m(0. 18mm i.d. ) coated with SE — 54 was used. The column temperature was
programmed from 80 to 300 at 4T /min and was held at 300C for 20 min. The ionizing volt-

age was 70eV and helium was used as carrier gas.

3 RESULTS AND DISCUSSION

3.1 Microscopic analysis

The maceral composition was analysed by microscope. The macerals are consist of bitumen,
alginite, sporinite and vitrinite. The bitumens are migrabitumens and reach 40 —50% of macer-
als. Alginite reaches 15 — 25% of macerals, the sporinite reaches 5 — 15%, and the vitrinite
reaches 20 — 30% of macerals. Non — differences of the maceral composition were observed be-
tween the samples from the Niuzhuang and Daluhu reservoirs. The values of vitrinite reflectances
vary from 0.72% to 0.74% , and are slightly higher in the samples from the Niuzhuang reser-
voir. The discrimination may be due to the different depth of the source rock (Table 1).

Table 1 Geochemical parameters

Bulk parameter
Sample No sample amounts TOC(%) (mgfgxf[r‘OC) Alk(%) Aro(%) Het(%) Asph(%)
strong fluid 6 1.8 131 41.98 8.26 39.41 9.7
weak fluid 4 1.88 115 45.3 12.21 34.69 7.8
Saturated hydrocarbon
Sample No Max - peak o1~ Cp+ Ciar+22)/Ciagea9) Pr/Ph Pr/nCy; Ph/nCyg CPI OEP
strong fluid “C23,C25" 0.65 1.87 1.32 0.61 0.52 1.15 1.2
weak flud “C17,C19” 1.06 1.67 1.18 0.43 0.38 1.22 1.1




continue

Bulk parameter
E
Sample No sample amounts TOC(% ) (mg /gx’tIrOC) Alk( %) Aro(%) Het(%) Asph(%)
Aromatic hydrocarbon
Sample No MPR DPR MPI DPI Re(%) Rr(%)
strong fluid 0.67 0.26 0.52 0.54 0.712 0.725
weals fluid 0.8 0.2 0.63 0.67 0.778 0.731
MPR= 2~ MF/1 - MP; DPR = (DMP3 + DMP4 ) /(DMP5 + DMP6 ) ; MPI = 1. 5(2 ~ MP+ 1~ MPOAP+1—-MP + 9 -

MP)

Re=0.6"MPI 1+ 0.4;DPI=4(DMP1 + DMP2 + DMP3 + DMP4) /(P + DMP5 + DMP6 + DMP7)

TOC= total organic mater, Extr= extract, Alk = n — alkanes, Aro = aromatics; Het = heteros compounes, Asph= asphalte
MPR = methylphenantherene ratio, DPR = dimethylphenantherene ratio, MPI = methylphenantherene index,

DPI = dimethylphenantherene index, Rr= vitrinite reflectance, Rc= caculated vitrinite reflectances.

Pr= pristane, Ph= phytane, P= phenanthrene, DMP = dimethylphenantherene.

Fluid influence potential
Weak - r=sme o e e
. Strong 7
Weak fluid zone Strong fluid zone

Y
/

Fig.1 Sketch map of sampling sité
One difference is observed in pyrite shapes. The most pyrites from the strong fluid zone show
framboidal textures which are formed in the syngenesis (Sun,1996). However, the most pyrites
from the weak fluid zone do not have a framboidal texture and are present as crystals with sharp
edges. The second type of pyrites is formed after the syngenesis (Sun,1996).

3.2 Geochemical analysis

3.2.1 Organic bulk parameters

TOC contents are not only related to the depositional environments, but also related to fluid condi-
tions in the diagenesis. It has been reported that the basin brines could deplete the TOC contents in the
black shale_from Germany and southwestern Poland (Sun, 1996 ;Sun and Piittrnann,2001).

The average TOC content of the samples from the strong fluid zone is 1.8% , and is 1.88 in
the samples from the weak fluid zone. The differences of the TOC contents could be due to the in-
fluences of fluids which can with organic matter and result in a decrease of TOC contents (Sun,
1996). An alternative explanation may be a slight variation of the depositional facies. The extract
yields in the samples from the strong fluid zone is 131 mg/g TOC, and is 115 mg/g TOC in the
samples from the weak fluid zone. This distribution trend is revefsing the TOC contents. The
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reason may be that some compounds or elements of deep fluids can catalyze the organic matter and
form more hydrocarbons (Jin et al. , 1999). The contents of saturated hydrocarbons are higher in
the samples from the strong fluid zone, whereas the contents of aromatic hydrocarbons are lower
in these samples. In the sample close the fault, the contents of polar compound fraction and as-
phalt are lower than in the weak fluid zone.
3.2.2 Saturated hydrocarbon

Two GC traces of the samples from the different zones are shown in Fig. 2. The intensities of
the peaks are different. Eight parameters of saturated hydrocarbon were calculated from two
group samples. They show different variation. The max — peaks occur in nCy3 —nCps in the sam-
ples from the strong fluid zone, whereas they are present in nCy; — nCg in the samples from the
weak fluid zone. In the sample of the strong fluid zone, the values of ;- /Cy+ and (Cy1 + Cpp) /
(Cyg + Cyg) are higher than those in the weak fluid zone. The different distribution of the saturat-
ed hydrocarbon compounds may be due to the reaction of deep fluids and organic matter.
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Fig.2 GC traces of saturated hydrocarbons from the Dongying depression
{a) the samples is close to the Gaoging — Pingnan fault;
(b) the sample is far from the fault



Pristane and phytane are the degradation results of chlorophyle side — chains ( Brooks et al,
1969 ; Tissot and Welte, 1984). Pristane is formed in a relative oxic condition, whereas phytane
is formed in a relative euxinic condition. Therefore, Pristane/phytane (Pr/Ph) ratio has been used
as an environmental parameter (Tissot and Welte,1984). The Pr/Ph ratio is 1.32 in the strong
fluid zone, and 1.18 in the weak fluid zone. This may indicate that the deep fluids in the strong
zone let the source rock become more euxinic.

Pristane/nCy7 and phytane/nCyg are the maturity parameters and can also be influenced by diagenese
invironments (Piittmann et al. , 1994). Their values in the strong fluid zone reach 0.61 and 0. 52, re-
spectively, whereas they are only 0.43 and 0.38 in the weak fluid zone, respectively. CPI and OEP are
also maturity parameters, and their values are also different in both zones, but their differences are small
(Table 1). The variation of these parameters may indicate that the deep fluids let some compound con-
tents increase, and result in the increase of these parameters.

3.2.3 Avromatic hydrocarbon
Two GC traces of aromatic hydrocarbon are shown in Fig . 3. Fig . 3 ( a ) is from the weak
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Fig.3 GC traces of aromatic hydrocarbons from the Dongying depression
(a) the samples is close to the Gaoqing — Pingnan fault;
(b) the sample is far from the fault



