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Abstract: Based on the systematic study of aromatic hydrocarbons in over 100 crude oil samples 
collected from the Tabei and Tazhong uplifts in the Tarim Basin, the western depression area in 
the Qaidam Basin and the Tabei depression in the Turpan Basin, the geochemical characteristics of 
the marine (Tarim Basin), saline lacustrine (Qaidam Basin), and swamp (Turpan Basin) oils were 
investigated. The marine oils from the Tarim basin are characterized by relatively low abundance of 
diaromatic hydrocarbons such as biphenyl and naphthalene, and relatively high abundance of triaromatic 
hydrocarbons including phenanthrene, dibenzothiophene and fl uorene. In contrast, the swamp oils from 
the Turpan Basin are dominated by the highest relative abundance of diaromatic hydrocarbons and the 
lowest relative abundance of triaromatic hydrocarbons in all the oil samples in this study. The relative 
abundance of diaromatic and triaromatic hydrocarbons in the saline lacustrine oils from Qaidam Basin 
is between that in Tarim oils and Turpan oils. Aromatic parameters based on the isomer distributions of 
dimethylnaphthalenes (DMN), trimethylnaphthalenes (TMN),  tetramethylnaphthalenes (TeMN)  and 
methylphenanthrenes (MP), i.e., 1,2,5-trimethylnaphthalene(TMN)/1,3,6-TMN ratio, 1,2,7-TMN/1,3,7-
TMN ratio, (2,6- +2,7-)-dimethylnaphthalenes (DMN)/1,6-DMN ratio, 1,3,7-TMN/(1,2,5- +1,3,7-)-
TMN, 1,3,6,7-TeMN/(1,3,6,7- +1,2,5,6- +1,2,3,5-)-TeMN ratio and MP index, may refl ect the diversity of 
organic source input, thermal maturity and depositional environments. In addition, the dibenzothiophenes 
(DBTs)/fluorenes(Fs) and dibenzofurans (DBFs)/Fs ratios were found to the very useful and effective 
in determining genetic types of crude oils for the marine, saline lacustrine, and swamp depositional 
environments, and for oil-oil correlations.
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1 Introduction
Aromatic hydrocarbons have attracted considerable 

attention in recent years as important components ubiquitous 
in source rocks and crude oils. Research over the last two 
decades, has led to improved understanding of the sources and 
signifi cance of polycyclic aromatic hydrocarbons (PAHs) in 
crude oils and source rocks. The abundance and distribution 
of PAHs has long been recognized and their structural isomers 
have also been widely used in assessing the origin of organic 
matter as well as source rock maturity (Alexander et al, 
1983; 1985; 1986; Radke and welte, 1983; Radke et al, 1986; 
Radke, 1988; Fan et al, 1990; Budzinski et al, 1995; Hughes 

et al, 1995; van Aarssen et al, 1999; Huang and Pearson, 
1999; Zhang et al, 2005a; 2005b; Li et al, 2005; Grice et al, 
2007; Sivan et al, 2008). A number of maturity parameters 
based on alkylnaphthalenes, methylphenanthrene isomers, 
methyldibenzothiophenes and dimethyldibenzothiophenes 
have been developed over the years (Alexander et al, 1985; 
Radke, 1988; Santamaria, 1988; Chakhmakchev, 1997; van 
Aarssen et al, 1999). They have also been considered to be 
the most helpful aromatic hydrocarbon maturity parameters.

The Tarim, Qaidam and Turpan basins in NW China are 
important petroleum producing basins, representing different 
depositional environments, including marine, saline lacustrine, 
and swamp environments. Numerous studies of saturated 
hydrocarbons in source rocks and crude oils from the Tarim, 
Qaidam and Turpan basins have been reported (Chen et 
al, 2001; Huang et al, 1989; 1991a; 1991b; Hanson et al,  
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2000; 2001; Li et al, 2000; Zhang et al, 2000; 2005a; 2005b; 
2006; Zhu et al, 2005). However, aromatic hydrocarbons 
are important components in crude oils and source rocks, 
and can provide significant geochemical information about 
depositional environments, source input, thermal maturity and 
oil-source rock correlations. The purpose of this study is to 
investigate the distribution characteristics and compositional 
diversities of aromatic hydrocarbons in Tarim, Qaidam and 
Turpan oils from different depositional environments, and 
to investigate the geological applications of the geochemical 
parameters of aromatics. 

2 Geological setting
The Tarim Basin, with an area of 560,000 km2, is one 

of the world’s largest frontier basins and the largest marine 
petroleum-producing basin in China (Fig. 1). In the light of 
its structural framework, the Tarim basin can be divided into 
three uplifts and four depressions, namely Tabei uplift (North 
uplift), Tazhong uplift (Central uplift), Tannan uplift (South 
uplift), Kuche depression, North depression, Southwest 
depression, and Southeast depression (Li et al, 1996; Chen et 
al, 2000). Marine oil and gas pools in the Tarim Basin occur 
widely in the Tabei and Tazhong uplift areas, and the oil is 
primarily derived from the Middle-Upper Ordovician source 
rocks (Graham et al, 1990; Zhang et al, 2000; 2005a; 2006). 
The Middle-Upper Ordovician source rocks consist mainly 
of argillaceous limestones and marlstone deposited in shelf 
edge and slope environments, occurring widely in the Tabei 
and Tazhong uplifts and surrounding areas. These source rock 
samples have an average total organic carbon (TOC) of 0.43 
wt%, with a maximum TOC value of 6 wt%, and the maturity 
range of these source rock samples is from mature to over-
mature stages with respect to oil generation (Hanson et al, 
2000; Zhang et al, 2005b). The geochemical characteristics 
of saturate hydrocarbons in Paleozoic source rocks and 

crude oils in this basin have been investigated by geologists 
and petroleum geochemists (Chen et al, 2001; Hanson et al, 
2000;  2001; Li et al, 2000; Zhang et al, 2000; 2005a; 2005b;  
2006; Zhu et al, 2005). However, due to multiple source rock 
intervals, multiple charge phases and a variety of modifi cation 
processes (Xiao et al, 1996; 2000), the aromatic hydrocarbons 
have attracted considerable attention as important and 
ubiquitous components in crude oils and source rocks (Li et 
al, 2005).

The Qaidam Basin, with an area of 121,000 km2, is the 
world’s most remote oilfield region at an average elevation 
of about 3000 m (Zhu et al, 2005), and the largest saline 
lacustrine petroleum-producing basin in China (Fig. 1). The 
basin can be divided into the western depression area (the 
western Qaidam), the northern broken belts and the eastern 
depression area. The western part of the Qaidam Basin, with an 
area of 40,000 km2, accounts for 80%-90% of the petroleum 
resources and production of the basin (Zhu et al, 2005). 
Previous studies proposed that the oil in western Qaidam 
Basin is derived from the lower Ganchaigou Formation which 
was formed in a saline lacustrine depositional environment 
(Huang et al, 1989; 1991a; Zhu et al, 2005). The organic 
matter in these source rocks is mainly type II kerogen, with a 
major organics input of algae and bacteria and relatively little 
terrigenous matter (Hanson et al, 2001). On the whole, the 
maturity range of these source rock samples is from immature 
to oil-window stages, with Ro values ranging from 0.49% to 
1.17%.

The Turpan Basin, with an area of 53,000 km2, is the 
largest coal-derived petroleum-producing basin in China 
(Fig. 1). The basin can be divided into two depressions and 
one uplift according to its structural framework, namely the 
Taibei depression, Central uplift and Tainan depression (Li 
et al, 2001). Previous geochemical studies indicated that 
most of the oil produced from the Taibei depression shows a 
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dibenzothiophenes in all aromatic hydrocarbons of the crude 
oils from three different depositional environments decrease 
in the order of marine>saline lacustrine>swamp, with mean 
values of 15.3%, 3.13% and 0.61%, respectively. The relative 
abundance of dibenzofurans in all aromatic hydrocarbons 
of crude oils formed in various depositional environments 
increases in the order of marine<saline lacustrine<swamp, 
with mean values of 2.36%, 2.96% and 7.23%, respectively. 
Similar distribution of dibenzofurans in source rocks from the 
marine, lacustrine and swamp depositional environments in 
the Tarim basin was reported by Li et al (2005). In addition, 
relatively low abundance of fluorenes are found in the 
terrestrial oils, with a mean value of 2.91% in swamp oils 
from the Turpan Basin, and mean value of 3.99% in saline 
lacustrine oils from the Qaidam Basin; and relatively high 
abundance of fl uorenes is found in marine oils from the Tarim 
Basin, with a mean value of 8.61%. 

The relative abundance of fluorenes, dibenzofurans and 
dibenzothiophenes in the crude oils in this study are plotted 
in Fig. 7. The crude oils from the three different depositional 
environments are separated into three different domains, 
indicating three distribution patterns. In marine oils from the 
Tarim Basin, the relative contents of fl uorenes, dibenzofurans 
and dibenzothiophenes increase in the order of fluorenes<
dibenzofurans<dibenzothiophenes. The relative content of 
dibenzothiophenes has a mean value of 57.9%, with a range 
from 48.9% to 64.8%; fluorenes, the second most abundant 
series, have a mean value of relative content of 32.7%, with 
a range from 22.7% to 42.5%; and dibenzofurans have the 
lowest relative content with a mean value of 9.31% and 
a rang from 5.53% to 15.8%. In the saline lacustrine oils 
from the Qaidam Basin, the relative contents of fluorenes, 
dibenzofurans and dibenzothiophenes decrease in the order 
of fluorenes>dibenzothiophenesdibenzofurans. The relative 
content of fl uorenes has a mean value of 40.0% with a range 
from 23.2% to 55.9%, whereas the relative contents of 
dibenzothiophenes and dibenzofurans are very similar, with 

mean values of 30.6% and 29.4%, respectively. In contrast, 
for the swamp oils from the Turpan Basin, the relative 
contents decrease in the order of dibenzofurans>fluorenes>
dibenzothiophenes. Dibenzofurans has the highest relative 
content, with a mean value of 72.1% and a range from 65.7% 
to 84.4%. Fluorenes, the second abundant series, has a mean 
value of relative content of 24.0%, with a range from 13.2% 
to 30.8%, whereas dibenzothiophenes has the lowest relative 
content, with a mean value of 3.97% and a range from 1.97% 
to 5.89%.

The cross-plot of dibenzothiophenes/dibenzofurans ratio 
vs. fluorenes/dibenzofurans ratio in Fig. 8 shows the crude 
oils from the three basins are different. This is attributed 
to their different depositional environments. The high 
dibenzothiophenes/dibenzofurans ratios (>2), and the high 
fluorenes/dibenzofurans ratios (>2) in marine oils from the 
Tarim Basin reveal the action of microorganisms in an anoxic 
depositional environment because of the higher H2S content. 
The low dibenzothiophenes/dibenzofurans ratios (<0.5), 
and low fl uorenes/dibenzofurans ratios (>0.5) in swamp oils 
from the Turpan Basin demonstrate the oxic depositional 
environment of terrestrial organic material. The saline 
lacustrine oils from the Qaidam Basin have relatively high 
dibenzothiophenes/dibenzofurans ratios (0.5-2) and fl uorenes/
dibenzofurans ratios (0.5-2), refl ecting the high salinity and 
anoxic characteristics of a saline lacustrine depositional 
environment.
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Hughes et  al  (1995) proposed that the ratios of 
dibenzothiophene/phenanthrene vs. pristine/phytane can 
be used for distinguishing source rock paleodepositional 
environments. As shown in Fig. 9, the marine oils from the 
Tarim Basin mainly fall into source rocks zone associated 
with marine carbonate, and the saline lacustrine oils from 
the Qaidam Basin fall into source rocks zone associated 
with lacustrine hypersaline, whereas the swamp oils from 
the Turpan Basin are related to fluvio-deltaic shale and 
coal. Therefore, the ratio of dibenzothiophene/phenanthrene 
is a good indictor in estimating the reduced sulfur for 
incorporation into organic matter, and can be used to 
discriminate redox conditions of different depositional 
environments.
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and TMNr values of the Qaidam oils are in the range of 0.68-
1.39 and 0.34-0.73, respectively, while the DNRx and TMNr 
values of the Turpan oils are in the range of 0.83-1.66 and 
0.47-0.68, respectively. And the MPI1 and %Rc values are 
also similar, with the MPI1 and %Rc of Qaidam oils in the 
range of 0.37-0.76 and 0.64-0.80, respectively and the MPI1 
and %Rc for the Turpan oils in the range of 0.24-0.66 and 
0.54-0.83, respectively. In general, the values of the aromatic 
maturity parameter of Qaidam and Turpan oils in this study 
are lower than those of Tarim oils.
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4.3 Maturity parameters based on aromatic 
hydrocarbons

Maturity parameters based on isomer distribution 
o f  a l k y l a t e d  a r o m a t i c  h y d r o c a r b o n s ,  s u c h  a s 
dimethylnaphthalenes (Alexander et al, 1983, 1986), 
trimethylnaphthalenes and tetramethylnaphthalenes (Radke et 
al, 1986; van Aarssen et al, 1999), and methylphenanthrenes 
(Radke and Welte, 1983), are related to the relative thermal 
stability of these compounds. β-substituted isomers are less 
strained and more stable than α-substituted counterparts. A 
number of aromatic maturity parameters, such as (1) DNRx 
(Alexander et al, 1985), i.e. (2,6- +2,7-)-DMN/1,6-DMN 
ratio, (2) TMNr (van Aarssen et al, 1999), i.e. 1,3,7-TMN/
(1,2,5- +1,3,7-)-TMN ratio, (3) TeMNr (van Aarssen et al, 
1999), i.e. 1,3,6,7-TeMN/(1,3,6,7- +1,2,5,6- +1,2,3,5-)-TeMN 
ratio, and (4) Methylphenanthrene Index [MPI1=1.5×(2-
MP+3-MP)/(P+1-MP+9-MP)], have been widely used as 
molecular maturity parameters and can provide additional 
assessments of petroleum maturity.

The maturity trends of DNRx and TMNr ratios in crude 
oils from different depositional environments are shown in 
Fig. 10. The positive correlation between the DNRx and the 
TMNr ratios for crude oils from a single basin indicates the 
validity of dimethylnaphthalene and trimethylenaphthalene 
maturity ratios. On the other hand, the variations in the 
linear relationship between the DNRx and MNRr ratios for 
crude oils from different depositional environments suggest 
that their maturity parameters are influenced by the types 
of organic matter. As shown in Table 2, Tarim oils have 
the highest DNRx and TMNr values, indicating their high 
maturity level. The DNRx and TMNr values of the Tarim oils 
are in the range of 0.97-1.82 and 0.70-0.82, respectively. In 
addition, the MPI1 values of the Tarim oils are in the range 
from 0.66 to 0.94, and the %Rc values calculated by using the 
equation of %Rc=0.6×MPI1+0.4 (Radke and Welte, 1983) 
are in the range of 0.77-0.97. The DNRx and TMNr values of 
the Qaidam oils and Turpan oils are very similar. The DNRx 
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5 Conclusions
The relative abundance of the diaromatic and triaromatic 

hydrocarbons in crude oils reveals the diversity of the 
organic matter source input and depositional environments. 
The relative abundance of biphenyls increases in the order 
saline lacustrine<marine<swamp, the naphthalenes and the 
dibenzofurans contents decrease in the order marine<saline 
lacustrine<swamp, the phenanthrenes, dibenzothiophenes 
and fluorenes contents increase in the order marine>saline 
lacustrine>swamp.

The significant differences of the relative abundances 
in the dibenzothiophene series, dibenzofuran series and 
fl uorene series from Tarim, Qaidam, and Turpan oils, reveal 
the relative concentrations of those aromatic hydrocarbon 
compounds mainly result from depositional environments. 
Moreover, in this paper, aromatic parameters based on the 
dibenzothiophenes/fluorenes vs. dibenzofurans/fluorenes 
ratios have been proposed. Our studies indicate those 
parameters are very useful and effective for oil-oil correlation 
and characterization of oil types from the marine, saline 
lacustrine, and swamp depositional environments.  

The ratios of alkylated naphthalenes and alkylated 
phenanthrenes in Tarim, Qaidam and Turpan oils from 
the marine, saline lacustrine and swamp depositional 
environments are still effective aromatic maturity parameters. 
The thermal maturity of the Tarim oils is higher than those of 
the Qaidam oils and Turpan oils.
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Table 2 Aromatic maturity parameters for crude oils from the Tarim, Qaidam and Turpan Basins

Basin Well Depth, m Strata DNRx TNRr TeNRr MPI1 Rc, %

Tarim TZ58 4710.6 O 1.03 0.70 0.78 0.66 0.80 

Tarim TZ62-2 4773.53-4825 O 0.97 0.71 0.82 0.66 0.80 

Tarim TZ621 4851.1-4885 O 1.12 0.72 0.82 0.66 0.80 

Tarim TZ82 5349.52-5385 O 1.15 0.82 0.88 0.73 0.84 

Tarim TZ82 5430.00-5487 O 1.14 0.81 0.88 0.72 0.83 

Tarim TZ821 5212.64-5250.2 O 1.10 0.77 0.85 0.62 0.77 

Tarim LG13 5544-5626 O 1.82 0.80 0.83 0.85 0.91 

Tarim LG19 5419-5460 O 1.50 0.65 0.69 0.73 0.84 

Tarim LG38 5619.38-5740 O 1.51 0.73 0.71 0.80 0.88 

Tarim LN63 5806.24-5870 O 1.69 0.81 0.78 0.73 0.84 

Tarim LN63 5957-6070 O 1.52 0.80 0.77 0.71 0.83 

Tarim LN621 5720.8-5785.5 O 1.24 0.82 0.82 0.85 0.91 

Tarim LN631 5902.88-5990 O 1.31 0.82 0.83 0.94 0.97 

Qaidam Y01-1 3633.2-3822.6 E3
1 0.68 0.34 0.45 0.37 0.64 

Qaidam Y604 1768.2-1837.8 N1 1.07 0.66 0.64 0.70 0.82 

Qaidam H107 2792.60-2887.40 E3
1 0.76 0.52 0.49 0.53 0.73 

Qaidam HN1-6 997.8-1149.7 N1 0.93 0.61 0.66 0.66 0.80 

Qaidam HN6-1 625-1253.8 N2
1-N1 0.92 0.63 0.67 0.65 0.80 

Qaidam Q4-6 742.7-878.3 E3
2 0.90 0.60 0.63 0.62 0.78 

Qaidam QZ19 1094.6-1209.8 E3
1 0.93 0.61 0.62 0.64 0.79 

Qaidam SZ11 1289-1289.8 N1 0.91 0.60 0.64 0.67 0.81 

Qaidam NC2 1498.0-1598.4 N2
1 1.31 0.71 0.67 0.73 0.84 

Qaidam W3-2 1410.5-1412.3 N1
2 1.39 0.73 0.68 0.76 0.85 

Qaidam YD118 3525.0-3539.2 E3
1 0.95 0.59 0.58 0.63 0.79 

Qaidam YⅡ 255 1009-1068.5 N1 1.13 0.71 0.66 0.71 0.83 

Qaidam YX3 1381.2-1390 E3
2 0.89 0.60 0.62 0.59 0.77 

Turpan HT1 1375-1400.2 J2s 1.33 0.61 0.59 0.57 0.74 

Turpan HT2 2228 J2s 0.91 0.59 0.60 0.40 0.64 

Turpan L1 2677-2687 J2s 1.18 0.55 0.48 0.51 0.71 

Turpan QD3 3382-3434 J2x 0.98 0.47 0.48 0.35 0.61 

Turpan HX5 653-669 J2s 1.45 0.67 0.67 0.66 0.78 

Turpan W5 2410.2-2424.4 J2s 1.66 0.65 0.65 0.56 0.74 

Turpan WX1 2926.6-2938 J2x 1.52 0.65 0.65 0.47 0.68 

Turpan WX3 2314-2323 J2s 1.65 0.67 0.65 0.55 0.73 

Turpan SA1 3087-3090 J2x 0.83 0.50 0.52 0.45 0.67 

Turpan PB1 3467.5-3473.5 J2s 1.45 0.64 0.64 0.60 0.76 

Turpan PB101 3833.9 J2x 0.87 0.56 0.59 0.24 0.54 

Turpan PB101 3453.9-3460.8 J2s 1.41 0.65 0.64 0.60 0.76 

Turpan SH102 2366.5-2370.9 J2q 1.51 0.68 0.67 0.72 0.83 

Notes: DMRx, (2,6- +2,7-)-DMN/1,6-DMN; TMNr, 1,3,7-TMN/(1,2,5- +1,3,7-)-TMN; TeMNr, 1,3,6,7-TeMN/
(1,3,6,7- +1,2,5,6- +1,2,3,5-)-TeMN; MPI1, 1.5×(2-MP+3-MP)/(P+1-MP+9-MP); Rc%, 0.6×MPI1+0.4
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