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Abstract

As one of the most petroliferous oil producing area in Kuqga depression, Dawanqi (DWQ) oilfield is supplying with great
attention. In this regard, the geochemical characteristics and oil families from DWQ field were investigated using molecular
compounds analysis of GC, GC-MS techniques. The bulk geochemistry of oils from DWQ oilfield displays complicated
molecular composition characteristics, including relative higher indices of Pr/Ph (1.4 ~4.26, with an average of 2.4), high
concentration of light hydrocarbons and certain abundant pentacyclic triterpene and steranes. The C, light hydrocarbon
and isoprenoids ratios indicate the oils were derived from terrestrial and higher plant input in weak oxidizing and reducing
environment. Most of the oils are among the mature oils in the study area, except a few samples that are identified as slightly
biodegraded by C; hydrocarbon. Three oil families are identified in DWQ oilfield of Kuqa depression by biomarker analysis
and geochemical parameters. The family A shares the attributes with higher amount of tricyclic terpanes, such as C,o- Cy
tricyclic terpane, higher C, -tercyclic terpane, lower concentration of gammacerane (< 0.6) but poor diasteranes. Family C is
characterized with lower content of C4-tricyclic terpane than C, tricyclic terpane, low C,,-tercyclic terpane than C,;-tricycli
terpane, relative high concentration of gammacerane (>0.6) but poor diasteranes. The oils of family B are mixed from the
two types, showing mixed features of family A and C. The results can shed light for the exploration of the studied area.
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Introduction

Kuqa depression is a petroliferous district of petroleum
hydrocarbons in Tarim basin, northwest China (He et al.
2009; Liu, et al. 2008; Niu et al. 2020) (Fig. 1a, b). Crude
oils and gas are both fertile in this area (Zeng et al. 2020;
Zhu et al. 2015). Attention has been given to the abundant
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petroleum resources in the previous studies (Pan et al. 2013;
Zhu, et al. 2015; Liang et al. 2003). But limited number
of geochemical studies conducted in Kuqa depression only
focused on natural gas resources or other central and south-
ern parts of the depression, such as southern frontal uplift
and northwest areas (Shen et al. 2017; Ju et al. 2018; Li et al.
2019). Studies showed that hydrocarbon sources in Kuqa
depression are multi-derived and diverse (Qin et al. 2007,
Tang et al. 2014; Huang et al. 2019). Located in the north-
west of Kuqga depression, Dawangi oilfield (DWQ) is rich in
crude oils, especially light oils and condensate (Fig. 1c, d).
As one of the typical and indispensable crude oil production
area, more concerns need to be applied to DWQ oilfield. The
purpose of this study is to understand the geochemical char-
acteristics of the crude oil’s samples by series of geochemi-
cal molecular compositions, including light hydrocarbons,
biomarker indices of terpenoids and steroids. The analysis
will provide a better understanding of the petroleum explora-
tion of DWQ oilfield in Kuqga depression and shed light for
the framework of hydrocarbon potential of this area.
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Fig. 1 Location map of the Kuqa depression including Dawangi oilfield in the Tarim basin

Geologic setting

Situated in northern Tarim basin, the Kuqga depression is a
superimposed foreland basin that overlain by the Mesozoic
foreland basin and Cenozoic foreland basin, extending in a
nearly NE-SW direction with and an area of 20,000km?
(Fig. 1a, b, c) (Wang et al. 2020; Zhang et al. 2014). DWQ
(DWQ) oilfield is situated in the Baicheng sag, northwest of
Kugqa depression (Fig. 1 c, d). It is a tectonic uplift formed in
the late Himalayan orogeny pitching by Baicheng sag. In the
northern portion of the uplift close to the Tuzimazha anticline
and southern Yakeleagh belt of Qiulitagh structure. Secondary
faults are well developed in DWQ oilfield, and separated it into
several blocks (Fig. 1d).

Stratigraphic features of Kuqa depression are well inter-
preted in previous studies (Fig. 2). An economic accumula-
tion of oils found in DWQ oilfield occurs in this area consists
of two sets of strata, the quaternary and Kangcun group of
Neogene. Both of the two strata are dominated by sand rocks
and fine clastic (Sun et al. 2017; Zhang et al. 2016a, b). Kuqa
depression developed a great set of Mesozoic strata, under-
gone deep sink in early and middle Triassic, fulfilling in late
Triassic, shallow and widen in late Jurassic and Cretaceous.
Correspondingly, the paleoclimate gone through with arid-
humid-arid condition. In the Neogene time continues with the
arid condition, the Kuga group of DWQ oilfield formed a set
of lacustrine, fluvial facies and alluvial facies with terrestrial
clastic sediments (Yu et al. 2017; Sun et al. 2017; Wu et al.
2019) (Fig. 2).
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Samples and methods

Twenty-nine crude oil samples from DWQ oilfield were
analyzed geochemically in the study. Most of the sam-
ples are light oils with saturated hydrocarbons as the pre-
dominant component. The techniques of gas chromatog-
raphy (GC) and gas chromatography-mass spectrometry
(GC-MS) were adopted, respectively, in this research. The
extracted organic matter was subjected to GC and GC/MS
analysis was conducted in the Yangtze University.

The samples were deasphalted by n-hexane and then
fractionated with column chromatography into saturate,
aromatic and NSO fractions by means of sequential elution
with n-hexane, toluene and chloroform. Gas chromatogra-
phy (GC) of the hydrocarbons was performed by HP6890
gas chromatograph equipped with a fused silica column
(HP-PONA, 50 mx 0.32 mm X 0.25 pm). The oven tem-
perature program was from 35 °C (5 min) to 300 °C (held
20 min) at 4 °C/min. Helium was used as the carrier gas.
The gas chromatography-mass spectrometry (GC-MS)
analysis of saturated compositions was conducted by Agi-
lent 6890 N-59751IMSD fitted with HP-5MS capillary.
The working temperature of the GC for saturated hydro-
carbons was 50 °C (1 min) to 100 °C at 20°C/min and
then up to 315 °C(18 min) at 3 °C/min. Mass range for the
saturated and aromatic hydrocarbons is from 50 to 550amu
and 50 ~450amu, respectively.
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Fig.2 Stratigraphy of the Kuqga depression, Tarim basin ( modified from Liang et al. 2003)
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Fig. 3 Representative total ion chromatogram (TIC) of the saturated fractions of the oils in DWQ oilfield

Results
Total hydrocarbon distribution

The vast majority of crude oils are of typical pre-peak
type. The main peak carbon numbers of some crude oil are
mainly C,,-C,, as shown in Fig. 3a, and some others are
C,;,-C,5 as shown in Fig. 3b, c. Generally, the content of
normal alkanes before nC, 5 is higher than that after nC.
Some crude oil samples show opposite distribution, which
may be related to microbial degradation. The CPI value of
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crude oil samples is between 1.0 and 1.2, indicating that
the crude oil has a high degree of maturity (Marzi et al.
1993). The total hydrocarbon distribution of GC-MS is
quite complicated in DWQ oilfield. The complex hydrocar-
bon reflects the changes of crude oil composition. Three
types of total hydrocarbon were observed in DWQ oilfield
(Fig. 3). The main feature of Type A oil is characterized
with abundant lower carbon number compounds and intact
distribution of medium molecular weight (Fig. 3a). But
only a few samples show the characteristics of this chro-
matographic appearance. The chromatographic appearance
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of Type B is the most commonly distributed ones in DWQ
crude oil, and more than half of the samples show this
type of chromatographic appearance. The distribution
of n-alkanes in these crude oils is complete (Fig. 3b).
Among the low-carbon number compounds, the content
of light hydrocarbons is abundant, and the abundances
of benzene series and methylcyclohexane are also abun-
dant and comparable (Fig. 3b). The main characteristic of
Type C crude oil is that heavily loss of low-carbon number
n-alkane occurs, but the high-carbon number n-alkanes are
relatively complete, and the benzene series and methyl-
cyclohexane in light hydrocarbon compounds show sig-
nificantly high abundance (Fig. 3c). Since the high-carbon
number n-alkanes of this type of crude oil are preserved
intact, the loss of low-carbon number n-alkanes probably
related to the relatively slight biodegradation. In other
words, this kind of crude oil may have suffered a slight
biodegradation effect. The light hydrocarbon composition
of these crude oils can provide further evidence for this
in discussion part.

Light hydrocarbon distribution

Light oils and condensate take the predominate part of all
the oils. Most GC attribute of the crude oils reveal with
a broadly distribution of n-alkanes and high abundant of
benzene compounds and methyl cyclohexane (Fig. 4).

The content of light hydrocarbons is rich in crude oils.
The content of paraffins in light hydrocarbons is much
higher, while the content of branched alkanes is relatively
low, and the content of cycloalkanes distributes in broad
range with significantly higher content of benzene and
toluene compounds. (Fig. 4a, b). The abnormally high
amount of benzene and toluene compounds in crude oil
indicate a typical terrestrial origin (Wang et al. 2008; Hu
et al. 1990, 2014).
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Compared with light hydrocarbons, the abundance of ster-
oids and terpenoids in crude oil is generally lower. Since tri-
cyclic and tetracyclic terpenes can be systematically detected
on the m/z 191 mass chromatogram, effective comparative
analysis can be carried out. Abundant tricyclic terpenes and
tetracyclic terpenes were detected in DWQ crude oil, and
the content of steranes was relatively less. The saturated
hydrocarbon spectrum of DWQ crude oil has the following
distribution features.

Abundant tricyclic and tetracyclic terpenes were
detected in DWQ crude oil and there are two distinctive
distribution patterns. One of the typical distributions is
shown in Fig. 5a, b, and the other one is as shown in
Fig. 5c. In Fig. 5a, b, the relative abundance of tricyclic
terpenes shows with C,y- > C,,- > C,, distribution pattern
(Fig. 5a, b left). The content of C,, tetracyclic terpanes
(C,4Te) is much higher, and the oil is rich in Ts (18a(H)-
trisnorneohopane) and Tm (17a(H)-trisnorhopane) with
relatively high C;, diahopane (C;,H) and C;, hopane
(C50H) (Fig. 5a, b left). Among them, type B has sig-
nificantly high C,, tetracyclic terpanes (C,,Te) and Cj,
diahopane (C;yH) and rearranged hopanes. Gammacer-
ane (G) is relatively low, and C;4- and C;s-hopanes are
not developed. The G/C; H is between 0.33 and 1.09.
(Table 1, Fig. 5b left). The distribution of steranes in
DWQ oil is characterized by the relatively abundant dias-
teranes. The overall abundance of C,y-regular steranes
in the regular sterane composition is relatively high, and
the abundance of C,;- and Cyg-steranes is relatively low
(Fig. 5a, b right). Another distribution pattern is shown
in Fig. 5¢c. The abundance of C,y-tricyclic terpene is gen-
erally lower than that of C,,-tricyclic terpene, and has
a certain abundance of C,4 and C; tricyclic terpenes.
The abundance of C,,-tetracyclic terpene is lower than
C,;-tricyclic terpene. The abundance of gammacerane is

Benzene Toluene

Methylcyclohexane
(MCCy)
nC,
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Fig.5 Representative saturate fraction m/z 191 and m/z 217 chro-
matograms of DWQ oils show the distribution of terpanes (left) and
sterane (right). TT is for tricyclic terpenes; Te is for tetracyclic ter-
penes; C,TT stands for Cq tricyclic terpenes, C,,TT stands for C,,
tricyclic terpenes and so on. Ts is for 18a-trisnorhopane; Tm is for

obviously high, and gammacerane/C;;-hopane (22R) (G/
C;,-H) is above 0.60 (Table 1, Fig. 5c left). C;, hopane
content is very high, while C;, rearranged hopane, C,q
rearranged hopanes and C,,Ts is relatively low. The Cj; 35
homohopane compounds are well developed with rela-
tively higher abundance (Fig. 5c left); the distribution
of steranes is characterized by the fully developed dias-
teranes and regular steranes. In the composition of the
steranes, the overall abundance of C,,- regular sterane
is relatively high, and the abundance of C,;- and Cg-
sterane is relatively low (Fig. Sc right). The distribution
characteristics of terpenes and steranes indicate some dif-
ferences in their genesis (Peters et al. 2004). The redox
properties of the deposition environment can affect the
formation of diasteranes, and a strong reducing environ-
ment can inhibit the rearrangement of steranes (Hu 1991;
Jiang et al. 2018). The abundance of diasteranes in DWQ
crude oil is low, reflecting the weak oxidation-weak
reduction environment.
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m/z 217 distribution of steranes

17a-trisnorhopane; H is for 17a(H)hopane; C,yTs is for Cyg 18a(H)-
30 norneohopane; C;H is for C;; 225/ (22S +22R) homohopane and
the same for C;,H, C33H, C5,H and C55H; C,; and C,, are for C,; and
C,, pregnane; C,;, Cyg and C,q are for C,; sterane, C,g sterane and
C, sterane, respectively

Discussion
Origins and depositional environment

As the principle components of crude oils, light hydro-
carbons can provide great significant geochemical infor-
mation for generation environment and origins. Different
types of C, compounds in light hydrocarbon components
often have different parent material sources (Wever 2000;
Wang et al. 2008). In recent years, it has been reported
that n-heptane (nC,) in C, light hydrocarbons is mainly
derived from algae and bacterial lipids, but it is very sensi-
tive to maturation. Methylcyclohexane (MCCg) is mainly
derived from higher plant lignin, cellulose and sugars,
etc., and its thermodynamic properties are relatively sta-
ble (Zhang 2016b). It is a good parameter to reflect the
type of terrigenous parent material. The large number of
methylcyclohexane in light hydrocarbon is coal-derived.
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increasing terrestrial plants input

Fig.6 The ternary plot of nC; in light hydrocarbon

Various kinds of dimethylcyclopentane (XDMCCs) are
mainly derived from lipid compounds of aquatic organ-
isms. The occurrence of dimethylcyclopentane in light
hydrocarbon shows sapropel derived origin. Therefore, the
C, light hydrocarbon series triangle chart compiled with
nC,, MCCy and ZDMCC;5 is a good way to distinguish
crude oils of different parent material types (Zhang 2016b;
Wang et al. 2008). According to the IMMC distribution
and Fig. 6 (nC; diagram), the crude oils of DWQ oilfield
are relate to mixed sources and coal-derived oils that gen-
erated from higher land plant organic matter input. The
index of Iyce that proposed by Hu et al. 1990) is another
good parameter for organic matter type and depositional
environment identification. According to the standard of
index MMC; that if the index result is over 50%, the oil
derived from humic organic matter input.

The oils have been plotted on a diagram (nC,, MCyCg,
Y DMCC;) in Fig. 6. The MCyCg distributes from 46.06 to
75.34% with abnormally high content. The relative abun-
dance of nC, is ranged from 0.51 to 37.99%. The signifi-
cantly high amount of MCyCg and index MMC, show that
the oils are lacustrine oil with terrestrial higher plant input
(Table 1, Fig. 6).

The isoprenoid hydrocarbons pristane and phytane are
amongst the most widely found biomarkers in geosphere
(Brassell et al. 1981). Based on the assumption that pris-
tane is formed from the chlorophyll phytyl side-chain by
an oxidative pathway, while phytane is generated through
various reductive pathways, the ratio of pristane to phytane
(Pr/Ph) has been proposed as an indicator of the oxicity of
the depositional environment (Didyk et al. 1978). Generally,
Pr/Ph <1 indicates a reducing lacustrine or marine environ-
ment, and a very low Pr/Ph ratio (<0.8) indicates a highly
saline and reducing environment (Peters et al. 2004). The
values of the Pr/Ph from DWQ oil field range from 1.28
to 4.26 with an average value of 2.6 (Table 1), indicating a
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Fig.7 The crossplot of Pr/nC,; and Ph/nC 4. Pr=pristane; Ph=phy-
tane

weak oxidizing and weak reducing condition during source
rock deposition. The plot of Pr/nC,; versus Ph/nC ¢ graph
(Fig. 7) is often used to define maturity and type of organic
matter of the oils. The Pr/nC; values of the samples from
DWQ oil field range from 0.11 to 0.25 and the Ph/nC ¢ val-
ues are 0.05 to 0.15. In the plot of Pr/nC,, versus Ph/nC,
graph (Fig. 7), the majority of the samples are in the “mixed
and terrestrial source organic matter” field with the organic
matter of type II and mixed type (II/III). The results also
show that the maturity of the analyzed oil is quite high.

Maturity

Cyoapp/(aaa+ afp) is very effective parameters for matu-
rity evaluation (Moldowan et al. 1986; Peters et al. 2004).
The ratio of C,¢ axex 20S/(20S +20R) increases with the
maturity, and attains the equilibrium values at 0.52~0.55.
The ratio of C,qaff/(aacx+ afff) increases from nonzero to
0.7 by isomerization, and obtained the equilibrium state at
0.57~0.62. The oils were classified into two separate catego-
ries, “immature” and “normal maturity” oils, by means of
CyoaBp/ (aaao+app) and Cyy o 20S/(20S 4+ 20R) sterane
ratio of 0.25 and 0.2 as the cut-off point, respectively. Based
on this classification, the general samples included in this
study fall into the category of “normal oils”, with the 20S/
(20S +20R) average of 0.49 and 0.54, respectively (Table 1),
showing the oils are in a mature state (Fig. 8).

Thompson (1983) proposed that heptane number and
isoheptane number are important indicators to measure
the degree of thermal evolution of oils. According to the
report, as maturity increases, heptane and isoheptane num-
bers continue to increase (Thompson 1983). Therefore, the
correlation between heptane value and isoheptane value can
be used to evaluate the maturity of crude oil. However, it
was found that biodegradation can also reduce these two
values. when Ro < 1.18%, the heptane value and isoheptane



Journal of Petroleum Exploration and Production Technology (2021) 11:2585-2597

2593

0.8 r
¢DWQ oil
0.6 r
@ Equilibrium point0 QQW
<) Mature ® [
» 0.4 * **
8 Low-mature 2
% -
©o2 t S
Immature é_
23]
00 1 1 ]
0.0 0.2 0.4 0.6 0.8

Cy00pp/ (acatapp)

Fig.8 The C,, sterane isomerization parameters indicate the oils are
in the mature state

50 T
©DWQ oil
:\o\ 40 T po g <@
2 30 & /
s
by <
220 4 o | ¢
10 + &\\0/
N Log
0 2 f f f f {
0 05 1 15 2 25 3 35 4
Isoheptane

Fig.9 The heptane value and isoheptane value of the analyzed oils
show some are suffered from biodegration

Fig. 10 The star diagram of
C,-oil transformation indicating
the degree of biodegradation a

value increase with the increase in maturity, which is in line
with the Thompson’s theory. But when Ro > 1.18%, the two-
heptane value inversion occurs, and it becomes smaller as
the degree of evolution increases (Akinlua et al. 2006; Mark
et al. 2002; Wang et al. 2008).

The heptane value and isoheptane value of crude oil in
the study area are distributed between 0.51 and 37.99% and
0.4-3.05, respectively (Table 1). Most of them are mature
crude oils, which are consistent with the sterane maturity
parameters (Fig. 9). However, some samples have abnor-
mally low values, which are caused by biodegradation. The
research results are consistent with the light hydrocarbon
chromatographic results (Fig. 9).

Biodegradation

The total hydrocarbon distribution in Fig. 3 and the correla-
tion of heptane and isoheptane in Fig. 9 show that several
oils have suffered certain degree of biodegradation. The
degradation of the oils in DWQ oilfield is quite mild com-
pared to those obviously distinguished reported. Many clas-
sic biodegradation indices such as saturated hopanes (Peters
et al. 2004) that proposed don’t suitable for this place. It
is because of this minor degradation that makes the light
hydrocarbons become an excellent parameter to evaluate the
secondary alteration. The light hydrocarbons of C, series
composition proposed by Halpern (1995) are utilized in the
paper as follows.

Halpern proposed that 1,2-dimethylcyclopentane (X) is
the strongest one of C; hydrocarbon to resist biodegradation.
Toluene/1,1, DMCP (Trl) parameters reveal the occurrence
of washing effect during or before the biodegradation. The
ratio of n-heptane, methylhexane and dimethylcyclopen-
tane to 1,1-DMCP (Tr2-Tr7) can reflect different degrees
of biodegradation, and the Tr8 ratio (methylhexane/dimeth-
ylpentane) is not affected by microbial activity (Halpern
1995). Using this light hydrocarbon ratios to draw a star-
shaped comparison chart, it can be seen that the degrada-
tion of DWQ crude oil is mainly performs in the Trl and
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Table2 The parameters

. . : Sample No  Depth (m) Strata  Trl Tr2 Tr3 Trd  Tr5 Tr6  Tr7 Tr8
of star diagram in C,-oil
transformation 1 120-175 N,K, 3367 1845 682 618 1300 165 0.68 3.46
2 102-222 N,K, 2040 21.69 7.03 6.06 13.09 179 072 3091
3 98-263 N,K, 2752 1487 6.16 562 11.79 145 059 3.15
4 126-249 N,K,; 0.09 4.01 0.09 0.26 036 264 0.09 0.29
5 297.5-343 N,K, 48.63 16.63 6.59 6.16 1275 150 0.64 3.15
6 226-282 N,K, 2181 19.13 7.02 623 1325 158 058 336
7 171-304 N,K, 13,56 1292 569 501 1071 145 0.58 297
8 161.5-195.5 N,K, 3326 1849 6.77 6.10 1288 1.63 0.68 3.36
9 225.5-565 N,K, 36.80 19.83 6.82 6.18 13.00 1.67 0.68 3.49
10 96-620.5 N,K, 4090 1942 6.77 6.15 1291 159 0.68 3.46
11 157.5-323.5 N,K, 2079 1416 6.04 542 1146 167 075 3.07
12 87-183 N,K, 2734 17.04 656 6.12 12.68 1.83 0.89 3.18
13 115-270.5 N,K, 1712 12.05 6.63 565 1228 186 0.87 3.16
14 203-206.5 N,K, 38.72 1651 634 583 1218 1.81 087 3.15
15 200.5-343.5 N,K, 14.05 2.84 438 227 6.65 165 093 1.71
16 400.5-406.5 N,K, 3216 1743 6.72 598 1271 187 0.88 3.23
17 414.5-421 N,K, 1783  11.13  6.60 552 12.12 184 0.85 3.13
18 397.5-454 N,K, 17.99 8.01 420 3.22 742 1.86 092 1.87
19 545-552 N,K;  41.10 1490 589 527 11.16 161 067 3.14
20 530.5-533.5 N,K; 3221 1576 639 593 1232 1.84 089 3.10
21 551-583 N,K; 15.09 124 272 136 4.07 1.89 093 1.01
22 558.5-586.5 N,K, 3285 16.00 625 583 1207 186 091 3.08
23 850-851 N,K¢ 14.11  21.13 7.00 6.17 13.16 2.08 096 3.73
24 166-173.5 N,K, 3400 1687 631 582 12,13 191 093 3.19
25 384-385 N,K, 3250 16.78 6.28 573 12.01 194 094 3.28
26 527.5-529.5 N,K; 2945 1642 642 597 1240 1.80 0.87 3.09
27 1539.5-1591.5 N ,x 4243 1668 640 588 1228 177 083 3.14
28 5576-5586 K,bs 3095 13.88 554 506 1060 176 0.85 2.70
29 5658-5669.5 K,bs 21.89 1031 4.19 376 795 1.83 088 199

Trl=Toluene/1,1-dimethylcyclopentane; Tr2=nC,/1,1-dimethylcyclopentane; Tr3 =3-methylhexane/1,1-
dimethylcyclopentane; Tr4 =2-methylhexane/1,1-dimethylcyclopentane; Tr5 = (2-methylhex-
ane + 3-methylhexane)/1,1-dimethylcyclopentane; Tr6 = 1-cis-2-dimethylcyclopentane/1,1-
dimethylcyclopentane; Tr7 = 1-trans-3-dimethylcyclopentane/1,1-dimethylcyclopentane;
Tr8 = (2-methylhexane + 3-methylhexane)/ (2,2-dimethylpentane + 2,3-dimethylpentane + 2,4-dimethylpen-
tane + 3,3-dimethylpentane + 3-ethylpentane)

Tr2 parameters (Fig. 10a, b). Among them, the ratio of Trl
parameters ranges from 0.09 to 48.63, with an average value
of 27.214; Tr2 values range from 1.24 to 21.69, with an aver-
age value of 14.64. The distribution of Tr3 to Tr5 is less than
10, and Tr6-7 is less than 2 (Table 2; Fig. 10a, b). The above
results indicate that part of the crude oils in the study area
have undergone water washing and different degrees of bio-
degradation, but the degree of degradation is relatively low.

Oil family classification
Based on the biomarker difference of steranes and terpenoids

compositions, four sets of parameters were selected as the
oil’s family classification standard. These parameters can

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

reflect the origins and genesis of the oils in DWQ oilfield
(Fig. 11).

The result shows that there are three oil families can be
recognized. The family A bears with relative high concen-
tration of C,, tetracyclic terpane and diaareanged hopanes
(Fig. 11a), lower content of gammerance, but relative high
content of C,q tricyclic terpane (Fig. 11b); the dia-Cs
hopane, C,q Ts and rearranged C,; steranes are also rich in
family A (Fig. 11c, d). This group of oils are widely con-
tributed in the study area, and become the main contributor
of the production capacity. However, the family C shows
quite opposite appearance to family A. It shows that the con-
centration of dia-C;, hopane, disarranged C,, sterances and
C,y Ts is relatively low, but the rearranged C,; sterances are
relatively high in family C (Fig. 11a—d). The third group of
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Fig. 11 The oil family classification of the analyzed oils in DWQ oil-
field. C,oTT stands for C,, tricyclic terpenes, C,,TT stands for C,,
tricyclic terpenes and so on. C,,-TeT is for C,, tetracyclic terpenes;

oils show the mixed characteristics of the two groups above
are family B. Oils of this category share some similarity of
both the family A and B, indicating mixed genetics of the
two groups.

Conclusion

(1) The hydrocarbon composition and distribution in DWQ
oil field are quite complicated with several types. The
light hydrocarbon takes the predominant part in the
whole saturated hydrocarbons.

(2) The C, parameters of light hydrocarbon and terpanes
are rich in the oils, indicating terrestrial organic matter
input in a relative weak oxidizing and weak reducing
environment.

(3) The heptane and isoheptane values, the C; series com-
position shows some of the oils have been suffered from
different degree of washing effect and biodegradation,
but the biodegradation is mild.

G is for gammacerane; Dia C;)-H is for C;, diahopane. C,4-H and
C;p-H are for C,y and C;y17a(H)hopane, respectively; C,oTs is for
C,9 18a(H)-30 norneohopane

(4) The analyzed oils can be classified into three families.
Family A shares the attributes with higher amount of
tricyclic terpanes, lower concentration of gammacer-
ane (< 0.6) but poor diasteranes. Family C is character-
ized with lower content of C,y-tricyclic terpane than
C, tricyclic terpane, low C,,-tercyclic terpane than
Cy;-tricycli terpane, relative high concentration of gam-
macerane (> 0.6) but poor rearranged steranes. The oils
of family B are mixed form the two types.
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