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Abstract

Based on the geological background and Gammacerane/C31H(S + R) ratios, source rock depositional environments of the studied oil
samples (194) from 13 oilfields were classified into three groups according to salinity: saline-lacustrine facies, fresh to brackish lacustrine
facies (including limnetic facies), and semi-saline to saline facies (including marine facies of the Tarim Basin). C5–C13 compound groups
in the crude oils were separated by GC, and about 286 compounds were qualitatively analyzed. The geochemical application of the C6–
C13 compound groups and their ratios between each group with individual carbon number was investigated. Our studies show that (1)
C6–C13 compound groups and their ratios in the crude oils could serve as new reliable parameters for oil–oil correlation because the C6–
C13 light fractions are the major oil component, especially in light oil or condensate, in which they account for almost 90% of the whole
oil; (2) the compound groups of C7 light hydrocarbons in oils derived from different depositional environments with different salinity
have different characteristics; (3) C6–C13 compound groups and ratios may be affected by other factors such as maturity, but they are
mainly controlled by salinity of depositional waters.
� 2008 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in

China Press. All rights reserved.
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1. Introduction

The light hydrocarbons (C5–C13) are the most important
components in crude oils, especially for light oil or conden-
sate, constituting up to 90% of the oil. Their variations can
undoubtedly represent the nature of the whole oil worth
exploring deeply. Hunt reported the origins of the normal
alkanes in the gasoline range [1]. Thompson proposed
two light hydrocarbon parameters, heptane and isoheptane
values, which have been widely used for oil maturity and
source rock type study [2,3]. He introduced an evaporation
fractionation concept later using Toluene/nC7 ratio to indi-

cate the ‘fractionated oil’ [4,5]. Mango suggested that light
hydrocarbon is generated from steady-state catalytic reac-
tion and put forward a series of parameters like K1, K2

[6]. Mango later systematically investigated the origin of
light hydrocarbons and gases in oils and their chemical
composition, distribution and application [7]. He proposed
that the light hydrocarbons (LHs) are probably intermedi-
ates in the catalytic decomposition of oil to gas [8]. Bement
et al. reported the application of C7 in studying oil maturi-
ties [9]. Halpern proposed to determine various secondary
alterations of oils using a star chart comprising eight light
hydrocarbon parameters [10]. Ten Haven reported the
application and limitation of the Mango’s parameters
[11]. Odden et al. compared C4–C13 hydrocarbons ther-
mally desorbed or cracked from source rocks with those
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in oils in studying oil–source correlations [12,13]. Whiticar
and Snowdon investigated the geochemical characteristics
of the Western Canada oils using stable carbon isotopes
of light hydrocarbons [14]. George et al. reported the
effect of from minor to moderate biodegradation on the
C5–C9 light hydrocarbon fraction [15]. Obermajer et al.
studied crude oil in central Montana, USA using light
hydrocarbons and biomarkers [16]. In China, Hu et al.
put forward two parameters, methyl-cyclohexane and
cyclohexane indices, as gas–gas or gas–source correlation
tools by comparing the adsorbed hydrocarbons of source
rocks with the corresponding light hydrocarbons in natural
gases [17]. Wang et al. studied the source of condensate in
the Sichuan Basin using heptane and isoheptane values
[18]. Wang et al. studied the source of some oils from mar-
ine and non-marine facies of the Tarim Basin by using
Mango’s parameters [19], and Wang et al. reported geo-
chemical characteristics of light hydrocarbons in the crude
oil of the Jianghan Basin, China [20].

At present, 722 oil samples have been collected to build a
light hydrocarbon database by the Key Laboratory of Petro-
leum Geochemistry (KLPG), China National Petroleum
Corporation (CNPC). Among them 121 oil samples have
C5–C13 or C15 light hydrocarbon fraction data and 305 oil
samples have GC/MS data of the C15

+ saturated hydrocar-
bon fraction. In this study, 194 oil samples from 13 oilfields
were selected, which can be categorized into a few groups
based on their geological background and Gammacerane/
C31H (S + R) ratios. These groups denote varying salinity
in the depositional environment of their source rocks includ-
ing saline-lacustrine facies, fresh to brackish lacustrine facies
(including limnetic facies), and semi-saline to saline facies
(including marine facies of the Tarim Basin). Using a series
of advanced analytical methods, the C5–C13 fraction was
separated by gas chromatography (GC) and about 286 GC
peaks were investigated qualitatively in terms of compound
groups. Based on these data and with the integration of geo-
logical background and other characteristics indicated by
the GC/MS data, C6–C13 compound groups and their ratios
were applied for oil–oil correlation and depositional envi-
ronment diagnosis according to the water salinity at the
deposition of the source rocks.

2. Samples and experiments

2.1. Samples and their classification according to the water

salinity of source rock deposition

Fig. 1 shows the locations of the samples collected from
various basins in China. These samples are distributed
almost all over the country. Tarim Basin, Turpan Basin,
Yanji Basin, Qaidam Basin and Ordos Basin are situated
in Western China; Bohai Gulf Basin in Eastern China;
Zhujiangkou Basin in Southeastern China, and Jianghan
Basin in Central China. GC/MS analysis of the saturated
hydrocarbon fraction was carried out on 139 samples,
and some geochemical data are shown in Table 1. These

oils are derived from source rocks deposited in saline-lacus-
trine, semi-saline to saline (including marine facies for
those from the Tarim Basin), fresh to brackish lacustrine,
and limnetic environments. Gammacerane is one of the
biomarkers related to water salinity during deposition
[21]. Table 1 shows that all the samples were classified into
different groups – by the water salinity of the source rock
deposition based on their geological background, as well
as the Gammacerane/C31H(S + R) ratios. The standard
deviation of the ratio for about 80% of the samples in each
group is less than 0.4, and the standard deviation/average
value, in general, is equal to or less than 0.5, except for
those from the Jianghan Basin and from the E2s4 saline-
lacustrine facies of the Shengli Oilfield (Bohai Gulf Basin),
whose standard deviation is 1.91. Another exception is the
oils with high gammacerane from the Qaidam Basin, which
have a rather wide range of the ratio and whose standard
deviation is 0.81. This observation shows that the water
salinity for each group is approximately similar when the
source rock is deposited, and the classification by salinity
is, in general, reasonable and acceptable. It can be seen
from Table 1 that the C29 sterane 20S/(20S + 20R) ratios,
indicating the oil maturity, vary significantly within each
group. In addition, the C29/C27 sterane (20R) ratios,
reflecting the organic type of source rocks, have a wide
range in each group. All these indicate that the classifica-
tion adopted in this study was mainly based on the water
salinity of the source rock deposition rather than oil matu-
rity or organic matter type.

2.2. Experiment

The technique for analyzing C5–C8 light fractions in oils
is well developed, and numerous results have been pub-
lished. However, extension of the analysis to C13 is more

Fig. 1. Sketch map showing the locations where the oils were sampled. (1,
Huabei Oilfield; 2, Jidong Oilfield; 3, Shengli Oilfield; 4, Zhongyuan
Oilfield; 5, Jianghan Oilfield; 6, Songliao Basin; 7, Ordos Basin; 8, Qaidam
Basin; 9, Turpan Basin; 10, Yanji Basin; 11, Tarim Basin; 12, Zhujiangkou
Basin).

1130 P. Wang et al. / Progress in Natural Science 18 (2008) 1129–1137



difficult. We have made some advancement in the qualita-
tive analysis for these components [22]. The experimental
conditions and the qualitative analysis results for com-
pound groups are described as follows.

In GC analysis, an Agilent 6890 equipped with a 7683
auto sample-injector, PTV sample-injector and backflush
apparatus was used for the whole oil sample. The chro-
matographic column was an HP 50 m PONA column,
the carrier gas was N2 and the PTV backflush method
was adopted [23].

GC/MS analysis was carried out using an Agilent 5975
MSD coupled with a 6890N GC, which was equipped with
a 7683B auto sample-injector, Nist 0.5 spectrographic data-
base (with 190825 spectrograms), PTV sample-injector,
backflush, G3180B micro-flow controller and FID detec-
tor. The method adopted was PTV backflush and the
whole oil was injected and controlled by a micro-flow con-
troller to split at the end of the PONA column. Part of the

flow went into FID and the other into MSD then both the
GC and GC–MS TIC chromatograms with the same reten-
tion time were obtained simultaneously.

The experimental conditions and compound identifica-
tion are the same as those described in Ref. [22]. About
286 peaks have been identified from C5–C13 light fractions
(Fig. 2) even though remaining co-eluting peaks exist.

3. An elementary study on the organic geochemical

application of light hydrocarbons

3.1. Characteristics of C6–C13 compound groups in various

oils

Cases studies are based on limnetic oils from the Turpan
Basin and the Yanji Basin and saline-lacustrine oils from
the Jianghan Basin and Shengli Oilfield. In this study, the
C5–C13 light fractions of 12 oil samples from the Turpan

Table 1
Geochemical parameters of the 125 oil samples

No. Region and sedimentary facies C29 steranea 20S/(20S + 20R) C29/C27 steraneb 20R Gam/C31H(S + R)c

1 Samples from salt-lake facies of Jianghan Oilfield and
E2s4 of Shengli Oilfield (14 samples)

0.22–0.55 0.39–2.37 0.49–6.55
0.41 0.97 1.96
0.24 0.58 1.24

2 Samples from salt to semi-salt lake facies of Xingouzui
formation, Jianghan Oilfield (6)

0.35–0.54 0.73–2.85 1.13–2.92
0.45 1.77 1.68
0.16 0.43 0.43

3 Samples from marine facies of Tarim Basin (27) 0.50–0.56 1.51–2.08 0.19–1.40
0.53(9) 1.69(9) 0.43(9)
0.04(9) 0.10(9) 0.88(9)

4 Samples with high gammacerane from Zhongyuan Oilfield (14) 0.17–0.51 0.6–1.52 0.53–1.64
0.36 1.08 1.17
0.32 0.23 0.30

5 Samples with high gammacerane from Qaidam Basin (16) 0.20–0.51 0.41–1.21 0.68–3.76
0.37 0.83 1.55
0.25 0.30 0.52

6 Samples from fresh-brackish lake facies of K1, Songliao Basin (45) 0.31–0.65 0.44–1.78 0.09–0.52
0.48(20) 1.27(20) 0.35(20)
0.19(20) 0.32(20) 0.30(20)

7 Samples with low gammacerane from Huabei
Oilfield and Jidong Oilfield (10)

0.26–0.47 1.11–1.84 0.07–0.16
0.38 1.40 0.12
0.19 0.21 0.23

8 Samples with low gammacerane from Shengli Oilfield (14) 0.25–0.62 0.37–1.97 0.05–0.31
0.41 1.14 0.19
0.27 0.50 0.57

9 Samples with low gammacerane from Qaidam Basin (4) 0.47–0.52 2.22–2.33 0.06–0.07
0.49(2) 2.28(2) 0.06(2)
0.07(2) 0.04(2) 0.07(2)

10 Samples with low gammacerane from Ordos Basin (9) 0.36–0.56 1.39–2.45 0.12–0.41
0.49 1.90 0.26
0.11 0.17 0.32

11 Samples from coal-bearing formations
of Turpan and Yanji Basin (11)

0.40–0.56 2.88–22.98 0.02–0.05
0.47 8.33 0.03
0.09 0.62 0.47

Notes: in the ‘‘Region and sedimentary facies” column, the numbers in bracket refer to the amount of samples for GC analysis; in other columns the
numbers downwards stand for the distribution scope, average, standard deviation (average standard deviation) and the amount of the samples for GC/MS
analysis (in bracket), respectively. The amount of the samples without specification in bracket is the same as that referred to in the bracket of the first
column.

a 20S-24-ethyl-5a (H), 14a (H), 17a (H)-cholane/(20S-24-ethyl-5a (H), 14a (H), 17a (H)-cholane + 20R-24-ethyl-5a (H), 14a (H), 17a (H)-cholane);
b 20R-24-ethyl-5a (H), 14a (H), 17a (H)-cholane/20R-5a (H), 14a (H), 17a (H)-cholane;
c gammacerane/(22R-17a (H), 21b (H)-homohopane + 22S-17a (H), 21b (H)-homohopane).
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Basin, Yanji Basin, Jianghan Oilfield and Shengli Oilfield
(Table 2) were analyzed. These oils were derived from a sin-
gle source and have no secondary alteration reported. Two
extra samples were added for comparison, one from marine
facies of the lower Paleozoic in the Tarim Basin [24], and
the other from fresh to brackish water facies of the Son-
gliao Basin [25]. Six oil samples were taken from the Tur-
pan Basin and Yanji Basin with five from the Jurassic
limnetic coal-bearing source rocks [26], and one from Well
Tuocan 1 of the Permian argillaceous source rock. The
Jianghan Basin is a typical saline basin in China [27], from
which two low maturity oil samples at Well Guang 33 and
Well Gaoxie 47, and a mature oil sample at Well Guang 27
were selected. Though the concentration of gammacerane

is high for all the samples, the Gammacerane/
C31H(S + R) ratios vary greatly in the range from 1.72 to
4.79. Oils of E2s4 in the Shengli Oilfield were also derived
from saline-lacustrine facies [28], the mature oil samples
were used in this but their Gammacerane/C31H(S + R)
ratios varied considerably.

Fig. 3 shows the percentage of C6–C13 alkanes, cycloal-
kanes and aromatic hydrocarbons in the oils, derived from
the typical Jurassic limnetic coal-bearing facies of the Tur-
pan Basin and Yanji Basin, and saline-lacustrine facies of
the Jianghan Basin, and E2s4 of Shengli Oilfield. It can
be seen from Fig. 3(a–c) that the oils from the Jurassic
coal-bearing source rocks in the Turpan Basin have a
similar percentage distribution of C6–C13 alkanes, cycloalkanes

Fig. 2. Qualitative determination of C5–C13 light fractions in the oil from Well Pinghu 4 (black one refers to normal alkanes, white one to isoalkanes, blue
one to cyclanes and red one to aromatics.)

Table 2
Some biomarker data and sedimentary environments of source rocks related to the application of the oil samples

Region Well No. Section (m) Formation C29 sterane
S/(S + R)

C29/C27 sterane
20R

Gam/C31

H(S + R)
Remarks (sources)a

Turpan Basin Ling 2 2748.7–2758.4 J2x 0.48 6.89 0.02 Jurassic: coal-bearing formation
Le 4 2692–2737 J2x 0.41 8.17 0.02
Ling 3 2411.4–2416.3 J2s 0.46 7.30 0.02
Wen 5 2410.2–2424.4 J2s 0.45 6.61 0.04
Tuocan 1 2428–2435 J2–3 k 0.40 2.88 0.05 P2: lake mudstone

Yanji Basin Bao 1 2192–2272 J1 s 0.50 22.98 0.03 Jurassic: coal-bearing formation
Tu 103 2530–2550 J1 s 0.56 5.45 0.04

Jianghan Oilfield Gaoke 47 1980–1985.6 E2q4 0.32 0.76 3.80 E2: salt-lake
Guang 33 1829 E2q1 0.22 0.65 4.79
Guang 27 1919.4–1921.4 E2q1 0.49 1.22 1.72

Shengli Oilfield Bin 424 2514–2521 E2s4 0.47 1.32 0.34 E2s4: salt-lake
Boshen 4 3898.6–3924.4 E2s4 0.49 0.77 6.55

Tarim Basin Tazhong 10 4227–4234 C 0.53 2.08 0.19 O2+3: marine
Daqing Oilfield La 11-151 1094–1089 K1 / / / K1: fresh to brackish mudstone

a Remarks are after Zhang et al. [24], Gao et al. [25], Wang et al. [26], Dai et al. [27] and Zhai et al. [28].
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and aromatic hydrocarbons. So the oil from Well Bao 1
and Well Tu 103 of the Yanji Basin has similar water salin-
ity to that of the Turpan Basin. Oil from Well Tuocan 1,
sourced from the upper Permian lacustrine mudstone, also
has similar alkane distributions to coal-bearing sourced oils
in the Turpan Basin, but with slightly different cycloalkane
and aromatic hydrocarbon distributions. Three oil samples
sourced from the O2+3 marine facies of the Tarim Basin,
K1 fresh to brackish lacustrine facies of Songliao Basin,
and saline-lacustrine facies of Jianghan Oilfield, have very
different group distributions of C6–C13 among them, being
different from those sourced from the limnetic coal-bearing
formation of the Turpan Basin, as well. Thus, it can be seen
that the water salinity of depositions might virtually affect
the percentage distribution of C6–C13 light compound
groups.

Fig. 3d–f shows the percentage distribution of C6–C13

compound groups in the oils from saline-lacustrine facies
of the Jianghan Oilfield and E2s4 of the Shengli Oilfield,
respectively. Although the data are slightly dispersed, they
share some common distribution characteristics. Com-
pared with the oils derived from the source rock with

entirely different water salinity, such as the O2+3 marine
facies of the Tarim Basin, the K1 fresh to brackish deep
lacustrine facies of the Songliao Basin and the coal-bearing
facies of the Turpan and Yanji Basins, they have an obvi-
ously different compound group distributions with the
highest percentage of aromatic hydrocarbons. It can also
be seen from Fig. 3 that the oil of Well La 11-151 from
the Songliao Basin, derived from fresh to brackish facies,
has the highest percentage of C6–C13 cycloalkanes; the
marine oil of Well Tazhong 10, sourced from semi-saline
to saline facies, has the highest relative percentage of C6–
C13 alkanes.

Fig. 4a–d shows the distributions of four group-type
fraction ratios of C6–C13 in the oils from the Turpan and
Yanji Basins, respectively, while Fig. 4e–h shows those of
the oils from the saline-lacustrine facies of the Jianghan
Basin and E2s4 of the Shengli Oilfield, respectively. It can
be seen that compound group ratios have similar distribu-
tions as a relative percentage of the corresponding com-
pounds in Fig. 3. Oil from Well La 11-151 of the
Songliao Basin, derived from fresh to brackish facies, has
the highest N/I and N/P ratios of C6–C13 (Fig. 4a, b, e

Fig. 3. Percentage distribution of C6–C13 alkanes, cycloalkanes and aromatics: (a–c) are oil samples from Turpan Basin and Yanji Basin; (d–f) are from
Jianghan Oilfield and E2s4 of Shengli Oilfield. —h— Well Ling 3, Turpan Basin; —N— Well Ling 2, Turpan Basin; —j— Well Le 4, Turpan Basin; —
�— Well Wen 5, Turpan Basin; —�— Well Tuocan 1, Turpan Basin; —d— Well Bao 1, Yanji Basin; —+— Well Tu 103, Yanji Basin; —25C6— Well
Gaoxie 47, Jianghan Oilfield; —j— Well Guang 33, Jianghan Oilfield; —N— Well Guang 27, Jianghan Oilfield; —�— Well Bin 424; Shangli Oilfield;
—�— Well Boshen 4, Shangli Oilfield; —h— Tazhong 10, Tarim Basin; —4— Well La 11-151, Songliao Basin.
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and f), while oils from the saline-lacustrine facies of the
Jianghan Basin and E2s4 of the Shengli Oilfield have the
highest I/P and A/P ratios of C6–C13 (Fig. 4c, d, g and
h). Similar conclusions can be drawn from the semi-saline
to saline-lacustrine or fresh to brackish lacustrine facies
of oils. Therefore, it can be hypothesized that oils with
the same origin are likely to have similar relative distribu-
tions and compound group ratios of C6–C13 light fractions.
Meanwhile, oils derived from depositional environments
with similar salinity and organic material sources might
share certain common characteristics, while those derived
from different environments might differ. Therefore, it is
most likely that the relative percentage of C6–C13 light frac-
tions and their specific compound group ratios could serve

as new parameters in oil–oil correlation studies. Because
C6–C13 light fractions are one of the major components
in oils, especially in light oils or condensates, in which they
consist up to 90% of whole oil, these new parameters
should be highly reliable. If analytical data of soluble light
hydrocarbons extracted from source rocks are available,
the corresponding parameters may be also applicable for
oil–source correlation.

When a new parameter is proposed, it requires not only
typical samples but also plenty of statistical data to support
its reliability and generality. In this study, the number of
oils involved in the analysis of light fractions is 121, which
seems to be limited. Comparing the distribution patterns
and the corresponding compound group ratios of the C6–

Fig. 4. Distribution of C6–C13 fractions in crude oils: (a–d) refer to the oils from Turpan Basin and Yanji Basin; (e–h) to the oils from the salt-lake facies
of Jianghan Oilfield and E2s4 of Shengli Oilfield. N stands for the area of cycloalkanes; I for isoalkanes; P for n-alkanes; and A for aromatic hydrocarbons.
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C13 fractions of typical oil samples derived from different
depositional environments shown in Figs. 3 and 4, we
can easily find that variations of the C7 compound groups
are mostly apparent. And our research using C7 light frac-
tions as geochemical diagnosis for depositional environ-
ments is still going on.

3.2. Determination of water salinity of source rock deposition

on the basis of C7 light hydrocarbon parameters

A number of 194 oils involved in this study were sam-
pled from 13 oilfields in China, i.e. Jianghan Oilfield, Shen-
gli Oilfield, Tarim Basin, Qaidam Basin, Turpan Basin,
Yanji Basin, Changqing Oilfield (Ordos Basin), Daqing
Oilfield, Jilin Oilfield (Songliao Basin), Huabei Oilfield,
Jidong Oilfield, Zhongyuan Oilfield and Zhujiangkou
Basin. It can be seen from Fig. 5 that samples from each
oilfield are concentrated in a relatively small area. These
66 oils from fresh to brackish facies (in blue) have an
average Gammacerane/C31H(S + R) ratio of 0.23, their
N/I is P2, I/P about 61 and A/P 6 0.7, with most values
below 0.5. The samples from semi-saline to saline facies
(in brown) have average Gammacerane/C31H(S + R)
ratios of around 0.55, the N/I is 62, I/P < 1, and A/

P < 0.5. The oils (in red) from the saline-lacustrine facies
of the Jianghan and Shengli Oilfields (E2s4) (14 samples),
and from the Zhongyuan Oilfield and the Qaidam Basin
(30 samples), with high average gammacerane Gammace-
rane/C31H(S + R) ratios of 1.56 with 86% samples having
N/I < 2, I/P >1 and A/P >0.6. Based on the correlation
between the Gammacerane/C31H(S + R) and N/I ratios
of our studied samples, intrinsic links between biomarker
parameters and light hydrocarbon parameters can be
established. The salinity indicated by the gammacerane
concentration in oils is related to the distribution of com-
pound groups of light hydrocarbons. When the Gammace-
rane/C31H(S + R) ratio is P0.5, most oil samples have N/I

ratios equal to or less than two with a few exceptions. The
oils derived from fresh to brackish facies of source rocks (in
blue) have Gammacerane/C31H(S + R) ratios 60.5 and N/

I >2. However, the oils with N/I < 2 and most Gammace-
rane/C31H(S + R) 60.5 are derived mainly from the mar-
ine facies of source rocks in the Tarim Basin.

Fig. 6 shows different compound group distributions of
C7 light hydrocarbons in the oils derived from various
source rocks with different salinity. The oils from the Son-
gliao Basin, Huabei Oilfield, Jidong Oilfield, Shengli Oil-
field, Qaidam Basin, Changqing Oilfield (Ordos Basin),
Turpan Basin and Yanji Basin have relatively low Gam-
macerane/C31H(S + R) ratios with an average value vary-
ing from 0.03 to 0.35 (in blue) are characterized by high
cycloalkane (around 50%) and methyl-cyclohexane
(around 30–45%). However, the oils from marine facies
of the Tarim Basin and from semi-saline to saline facies
of the Jianghan Oilfield and Qaidam Basin (in brown), with
average Gammacerane/C31H(S + R) ratios varying from
0.43 to 1.68, are characterized by high alkanes (about

60%). Moreover, the oils from saline-lacustrine facies of
the Jianghan Basin, E2s4 of Shengli Oilfield and Zhongyu-
an Oilfield (in red) with a high average Gammacerane/
C31H(S + R) ratio varying from 1.17 to 1.96 are character-
ized by high aromatic hydrocarbons (around 30%). Obvi-
ously, these oils can be also classified by the relative
percentage of compound groups of light hydrocarbons.

Oils from the Zhujiangkou Basin were derived from the
Wenchang Formation source rock, which contains typical
fresh-water environmental fossils such as Pediastrum [29].
However, light hydrocarbon distributions indicate the

Fig. 5. Relationships of 194 oil samples in (a) I/P vs N/I, (b) N/I vs A/P,
and (c) gammacerane vs N/I (133 oil samples). h 14 oils from salt-lake
facies of Jianghan Basin and E2s4 of Shengli Oilfield; � 14 oils with high
gammacerane from Zhongyuan Oilfield; � 16 oils with high gammacerane
from Qaidam Basin; j 6 oils from salt to semi-salt facies of Xingouzui
Formation, Jianghan Basin; N 27 oils from marine facies of Tarim Basin;
d 24 oils from Zhujiangkou Basin in South China Sea; + 45 oils from
fresh to brackish facies of Songliao Basin; �10 oils with low gammacerane
from Huabei and Jidong Oilfields; 4 14 oils with low gammacerane from
Shengli Oilfield; h 4 oils with low gammacerane from Qaidam Basin; h 9
oils with low gammacerane from Changqin Oilfield; s 11 oils from coal-
series formations of Turpan and Yanqi Basins.
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semi-saline to saline facies sources (Figs. 5 and 6). This is the
only exception in the study, which may be caused by a specific
source rock-reservoir association, i.e., an oil derived from the
fresh-water source rock but accumulated in the marine saline
Zhujiang Formation reservoir. Mango suggested that C7 light
hydrocarbons facilitate a steady-state catalytic reaction in
kerogen, which is probably the main mechanism for the origin
of natural gas in sedimentary basins [6,7]. When a liquid oil
meets semi-saline to saline underground water in carriers or
reservoirs, a reaction catalyzed by transitional metals seems
most likely to take place, which will result in similar character-
istics of the C7 compounds to that of the oil sourced from
semi-saline to saline facies. However, more work is needed
to confirm such an assumption.

4. Conclusions

(1) It is feasible to classify oils according to the water
salinity of the source rock depositional environments
based on the geological background and Gammace-
rane/C31H(S + R) ratios of crude oils.

(2) Oils sharing similar depositional environment water
salinity levels and organic material sources usually
have certain similarities in the C6–C13 light hydrocar-
bon compound groups as well as their N/I, N/P, I/P

and A/P ratios. However, oils are greatly different
in the depositional environment water salinity, which
shows the characteristic differences in the C6–C13

compound groups and their corresponding ratios.
Therefore, C6–C13 compound groups in crude oils
and their corresponding ratios could probably serve
as new parameters for geochemical studies on oil–
oil correlation and depositional environments.

(3) Oils sourced from fresh water to brackish facies have
the highest percentage of C6–C13 cycloalkanes as well
as the highest N/I and N/P ratios. Oils derived from
saline-lacustrine facies show the highest I/P and A/P

ratios of C6–C13 compound groups, especially for
aromatic hydrocarbons whose relative percentage is
the highest. Moreover, oils sourced from semi-saline
to saline facies have the highest relative percentage
of C6–C13 alkanes.

(4) The C7 compound groups of the oil derived from
saline-lacustrine facies are characterized by high
aromatic hydrocarbons (around 30% in average),
high Tol/nC7 ratio (usually >0.6) and low N/I ratio
(<2). Those oils sourced from fresh to brackish
facies are characterized by high percentages of C7

cycloalkane (around 50% on average), high percent-
ages of C6 methyl-cycloalkane (about 35% on aver-
age), high N/I ratios (>2) but low Tol/nC7 ratios
(<0.6). Oils derived from semi-saline to saline facies
and marine facies of the Tarim Basin show charac-
teristics of high C7 alkane (around 60% in average),
low Tol/nC7 ratio (usually <0.6) and low N/I ratio
(<2).

(5) Better correlation between biomarker and light
hydrocarbon parameters can be established when
Gammacerane/C31H(S + R) ratios are P0.5 and N/

I ratios are 62.

Indeed, although light hydrocarbon parameters are also
affected by oil maturity, this study incorporating nearly 200
oil samples indicates that the distribution patterns and
compound group ratios are mainly controlled by water
salinity of source rock depositions. However, further
detailed studies are needed.
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