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RATIONALE: Carbon isotope analysis of n-alkanes produced by the pyrolysis of oil asphaltenes is a useful tool for
characterizing and correlating oil sources. Low-temperature (320-350°C) pyrolysis lasting 2-3 days is usually employed
in such studies. Establishing a rapid pyrolysis method is necessary to reduce the time taken for the pretreatment process in
isotope analyses.

METHODS: One asphaltene sample was pyrolyzed in sealed ampoules for different durations (60-120s) at 610°C. The §'°C
values of the pyrolysates were determined by gas chromatography/combustion/isotope ratio mass spectrometry
(GC/C/IRMS). The molecular characteristics and isotopic signatures of the pyrolysates were investigated for the
different pyrolysis durations and compared with results obtained using the normal pyrolysis method, to determine
the optimum time interval. Several asphaltene samples derived from various sources were analyzed using this method.
RESULTS: The asphaltene pyrolysates of each sample were similar to those obtained by the flash pyrolysis method on
similar samples. However, the molecular characteristics of the pyrolysates obtained over durations longer than 90 s
showed intensified secondary reactions. The carbon isotopic signatures of individual compounds obtained at pyrolysis
durations less than 90 s were consistent with those obtained from typical low-temperature pyrolysis. Several asphaltene
samples from various sources released n-alkanes with distinct carbon isotopic signatures.

CONCLUSIONS: This easy-to-use pyrolysis method, combined with a subsequent purification procedure, can be used to
rapidly obtain clean n-alkanes from oil asphaltenes. Carbon isotopic signatures of n-alkanes released from oil asphaltenes
from different sources demonstrate the potential application of this method in ‘oil-0il" and ‘oil-source’ correlations.
Copyright © 2016 John Wiley & Sons, Ltd.

Asphaltenes in oil are defined by their solubility as
the macromolecular aggregates that are insoluble in
low-boiling-point alkanes (usually Cs-C;)."*! Previous
pyrolysis studies have shown that: (1) oil asphaltenes are
formed at the early stage of kerogen cracking and bear
structural similarities to their source kerogen,'[l’3 (2) even in
the case of oil that has lost almost all of the hydrocarbons by
severe biodegradation, oil asphaltenes release abundant
products upon pyrolysis that are similar in composition to
undegraded oils;"”! (3) asphaltene molecules released by
pyrolysis are only slightly affected by oil migration or
precipitation.!®”]  Therefore, compound-specific ~carbon
isotope analyses of pyrolysis products (mainly n-alkanes) of
oil asphaltenes are usually used to characterize oil sources,
perform oil-oil correlations and evaluate oil mixing.'*°!
Pyrolyses of asphaltenes for carbon isotope analyses have
mostly been conducted in closed systems for 2-3 days at
relatively low temperatures (320-350°C).5~1%12151 Carbon
isotope analysis usually requires a low background and
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excellent separation of individual compounds. The oil or
pyrolysis products of asphaltenes are complex mixtures of
molecules of different masses and structures. Hence,
preliminary separation by column chromatography and
subsequent purification by size-exclusion methods (e.g., urea
adduction or molecular sieving) are preferred for obtaining a
clean n-alkane fraction from the pyrolysates or oil in most
studies.">®! As a result, asphaltene pyrolysis and subsequent
purification procedures normally take several days to
complete prior to using isotope ratio mass spectrometry
(IRMS) to carry out carbon isotope analyses.

In this work, a series of pyrolysis experiments was
performed on an oil asphaltene sample in sealed glass
ampoules at a much higher temperature (610°C) than is
normally applied,"*?®! to develop a rapid method of
obtaining the carbon isotopic ratios of n-alkanes for correlation
studies. The effects of pyrolysis durations were investigated,
in terms of the molecular characteristics of the pyrolysates
and on the carbon isotopic signatures of the released
n-alkanes. These were compared with the molecular and
isotopic characteristics reported for the same sample using
the normal pyrolysis method.!"*! Several oil asphaltenes from
a variety of sources were further analyzed using this
procedure to validate its ability to identify source-related
differences in carbon isotopic signatures.

Rapid Commun. Mass Spectrom. 2016, 30, 1779-1786

Copyright © 2016 John Wiley & Sons, Ltd.



https://www.researchgate.net/profile/Wanglu_Jia?el=1_x_100&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==

Rapid
¥ Communications in
=& Mass Spectrometry

S. Chen, W. L. Jia and P. Peng

EXPERIMENTAL

Samples

Five of the asphaltene samples characterized by pyrolysis in
our previous studies were selected for comparison
(Table 1).1%'! One sample (HD11C) was used to investigate
the effect of pyrolysis duration. These asphaltenes were
extracted from oil or tar sands originating in the Cambrian—
Ordovician marine source rocks in the Tarim Basin, northwest
China."*"*17] Two asphaltene samples (TD2, TZ62S) which
showed enrichment in '*C (Table 1) were also separated from
marine oil from the Tarim Basin in this study. The carbon and
hydrogen isotope ratios of the n-alkanes in these samples
indicate a distinct origin from most marine oil in the basin.[”!

In addition to asphaltenes from the Tarim Basin, two
asphaltene samples (W580D, Wx133) were separated from
oil in the Bohai Bay Basin, east China, which were sourced
from Eocene Shahejie (Es) and Kongdian (Ey) mudrocks
deposited in a lacustrine environment.!®!

Pyrolysis experiments

A temperature of 610°C, normally applied in flash pyrolysis,
was used for the rapid pyrolysis in this study. Typically, a
glass ampoule (= 5 mL) was loaded with 8-10 mg of the
asphaltene sample and sealed under vacuum. The ampoule
was quickly inserted into the middle section of a purpose-built
tubular furnace (38 x 2.4 cm i.d.) which had been heated to
610 + 10°C. After a short period (30, 45, 60, 75, 90, 105 and
120 s), the ampoule was removed from the furnace and cooled
in ambient conditions. Sample HD11C was pyrolyzed three
times for all the time intervals. The other samples were each
pyrolyzed for 75 s once only.

Separation and purification of pyrolysates

About 1 mL of n-hexane was quickly added into the opened
ampoule to flush out the pyrolysates, and the extracts were
filtered, and separated into saturated and aromatic fractions
using microcolumn chromatography (0.6 cm i.d.) on silica
gel (5 cm filling length) with n-hexane and n-hexane/
dichloromethane (3:2, v/v) as the eluents. The saturated

Table 1. Asphaltene samples and their geological
information

Depth
Sample (m) Type 8'°C,sp Source facies
HD11C 5125-5128 oil -33.1 Marine
YM20 5940-5943 oil -33.7 Marine
LN2-22 T - oil -33.0 Marine
YW2S 5211.2 tarsand —32.9 Marine
TZ16C 3812-3819 oil -32.4 Marine
TD2 4561-5040 oil —27.0 Marine
TZ62S 4052.9-4073.6  oil —28.3 Marine
W580D 3167.8-3177.8 oil —26.4  Lacustrine
Wx133 3179.4-3185.8 oil —289  Lacustrine
813Casp refers to the 5'°C values of asphaltenes in %o.
Data for samples HD11C-TZ16C reported in our previous
studies;">'* others were obtained in the present study.

fraction was purified by a 5 A molecular sieve as described
in the previously reported procedure to remove all branched
alkanes and most alkenes.*?] The n-alkane fraction obtained
in this way was further purified using an AgNO;-silica gel
column to remove the few residual alkenes.

Gas chromatography/mass spectrometry (GC/MS) analyses

The pyrolysates were analyzed using a Thermo DSQ II single
quadrupole mass spectrometer (Thermo Scientific, Austin, TX,
USA) operated in electron ionization (EI) mode, interfaced
with a Trace Ultra gas chromatograph (Thermo). A 30 m
DB-5 ms capillary column (0.32 mm id., 025 pm film
thickness; J&W Scientific, CA, USA) was used to separate
the compounds being studied.

Carbon isotope analyses

The carbon isotopic ratios of the purified n-alkane fraction
were measured using a IsoPrime isotope ratio mass
spectrometer (GV Instruments, Manchester, UK) connected
toa HP 6890 gas chromatograph ( Agilent Technologies, Santa
Clara, CA, USA) via a combustion interface. The gas
chromatograph was equipped with a 30 m DB-5 ms capillary
column (0.32 mm i.d., 0.25 um film thickness; J&W Scientific,
Folsom) for compound separation. A standard mixture of
n-alkanes (from A. Schimmelmann, Indiana University,
Bloomington, IN, USA) was measured twice daily to assess
the accuracy and precision of the GC/C/IRMS analyses. The
precision of the carbon isotope analyses was better than 0.3
%o (working standard analyses, SD = 1c), and all the results
are reported as & values in %o relative to VPDB.

RESULTS AND DISCUSSION

Molecular characteristics of asphaltene products

Negligible amounts of pyrolysate were obtained from
asphaltene HD11C after pyrolysis for 30 s and 45 s.
Accordingly, only the results for 60-120 s are shown in Fig. 1.
The pyrolysates obtained for different pyrolysis durations
were generally similar. The most abundant components were
the series of n-alk-1-ene and n-alkane doublets, which suggests
a dominance of n-alkyl side chains or n-alkyl bridges bound to
the condensed aromatic units of the asphaltene. This feature
has previously been revealed in the pyrolysis or chemical
degradation products of asphaltenes from various
sources.222%  Another notable compound detected was
1,2,3 4-tetramethylbenzene (TTMB), which appears in the
pyrolysates of asphaltenes from the Tarim Basin. Carbon
isotope evidence indicates a maf'or contribution from green
sulfur bacteria Chlorobiaceae.>**! Other compounds detected
include iso-alkane/alkenes and aromatic hydrocarbons with
different ring numbers.

All the pyrolysis products obtained following our method
displayed similar characteristics to those obtained by flash
pyrolysis on the same sample in a previous study.'>! Flash
pyrolysis features relatively high temperature (normally at
610°C), very short heating duration (a few seconds) and an
open system, and is one of the most commonly used methods
to investigate macromolecular characteristics. Complete
series of n-alk-1-ene and n-alkane doublets are generally the
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Figure 1. (a) Total ion current (TIC) chromatograms and (b—e) summed mass chromatograms of the
pyrolysates of asphaltene HD11C at different pyrolysis durations. [C, = carbon number of the
n-alk-1-ene and n-alkane doublets; Is = internal standard (C,4; deuterated n-alkane); TMB =
trimethylbenzene; N, MN, C,-N, P, MP = naphthalene, methyl naphthalene, dimethyl naphthalene,
phenanthrene, methyl phenanthrene; I, MI, C,-I, HI, MHI = indene, methyl indene, dimethyl indene,
indane, methyl indane.]

most notable products of oil asphaltenes using this  for about 20 min.?2 At temperatures above 500°C, secondary
technique.232312] The pyrolysis of oil asphaltenes in an open  cracking and aromatization reactions produced a significant
system utilizing Programmed temperature heating yielded =~ amount of aromatic hydrocarbons and a relatively low
similar products. 2 However, programmed-temperature ~ amount of alkanes. Low-temperature pyrolysis of oil
pyrolysis of kerogens in a closed system yielded abundant  asphaltenes over periods of a few days in a closed system
n-alkanes by the use of medium temperatures (420-440°C) produced n-alkane series.* [428-10]
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For the above reasons, a pyrolysis procedure similar to
open-system high-temperature pyrolysis was used in this
study. The characteristics of the pyrolysates are probably
related to the short heating duration, which hinders the
hydrogenation of n-alkenes from the free radical reactions
initiated by bond breaking.

Variations in molecular characteristics of asphaltene
pyrolysates with pyrolysis duration

n-Alkene/alkanes

Due to evaporation losses during sample extraction, filtration
and concentration, only Cjs, n-alkene/alkanes were
quantified using the added internal standard (partly shown
in Fig. 2). Generally, the yield of n-alkene/alkane doublets
decreased with increasing carbon number for each pyrolysis
duration (Fig. 2(a)), and the relative abundance of short-chain
to long-chain n-alkene/alkanes increased with pyrolysis
duration (Fig. 2(b)). The yield of n-alkene/alkane doublets first
increased then decreased with increasing pyrolysis duration.
Secondary cracking of the n-alkyl moieties was evident after
90 s, as is commonly observed in the pyrolysis of
geomacromolecules in closed systems.[222]

Aromatic hydrocarbons

The abundance of aromatic hydrocarbons relative to n-alkene/
alkanes in the pyrolysates increased rapidly when the pyrolysis
duration exceeded 90 s (Figs. 3(a) and 3(b)), suggesting that
prolonged pyrolysis duration intensified the cyclization,
dehydrogenation and aromatization reactions of the yielded
products. It is evident that the ratios of naphthalene/methyl
naphthalene and phenanthrene/methyl phenanthrene
increased with increasing pyrolysis duration (Fig. 3(c)), which
may imply an increasing degree of demethylation for the
methyl-substituted aromatic hydrocarbons. These results agree
well with those obtained from kerogen pyrolysis at high
temperatures in a closed system.2223] Demethylation was also
evident in the polymethyl-substituted benzenes, as indicated
by the increasing ratio of trimethylbenzene to tetramethyl
benzene (TMB/TTMB) with increasing pyrolysis duration
(Fig. 3(d)). The indane/indene ratio increased slightly as the
reaction duration increased from 60 s to 90 s (Fig. 3(c)).
However, beyond 90 s a rapid decrease in the ratio was
observed, which may have indicated a significant
dehydrogenation of the indane.

Tetramethylbenzenes

The abundance of 1,2,3,4-TTMB in the pyrolysates of oil
asphaltenes is significant for the characterization of the oil
source.*3! Its relative abundance decreased progressively with
increasing pyrolysis duration compared with 1,2,3,5-TTMB
(Fig. 3(d)). It has been shown that a suite of kerogens displays
a rapid decrease in 1,2,3,4-TTMB with increasing maturity,
which suggests the relatively low stability of the precursor of
this compound in the kerogen.!?!! A recent study has
demonstrated a decrease in the concentration of 1,2,3,4-TTMB
with increasing thermal level of oil, indicating that it is less
stable than 1,2,3,5-TTMB.22 Therefore, the relative abundance
of 1,2,3,4-TTMB in geological samples is affected by both the
source and the thermal maturity.

Variations in carbon isotope ratios of compounds obtained
at different pyrolysis durations

A clean n-alkane fraction was obtained from the pyrolysates
using the purification procedure in this work, which helped
ensure that high-precision isotope measurements were
obtained (Fig. 4). The 313C values of individual n-alkanes
showed little variation, which is consistent with the results
for n-alkanes obtained from the same sample by normal
pyrolysis methods.*¥! In addition, significant 13C enrichment
was seen in the n-alkanes generated at 105 s and 120 s
corresponding to their decreasing yield, suggesting that
secondary cracking had taken place (Fig. 2). A similar
relatively large '*C enrichment was also observed for the
alkanes yielded from kerogens by pyrolysis in a closed system,
where secondary cracking of n-alkanes was significant and the
relative amount of aromatic hydrocarbons was much greater
than that of n-alkanes.?2! The §C values of n-alkanes
generated between 60 s and 90 s normally vary between
—35.2 and —34.5 %0, which is consistent with those released
by pyrolysis at 320°C for 3 days.I*] The n-alkanes produced
at 105 s and 120 s showed higher §°C values in the
range — 34.0 to —33.5 %o.

The §'°C values of 1,2,3,4-TTMB obtained in the present
study decreased from —21.3 to —25.4 %. with increasing
pyrolysis duration (Fig. 5(b)). This compound, released at
60 s and 75 s, had similar 8'>C values (about —21.5 %), which
were close to those obtained in a previous study (ca —20 %0) by
normal low-temperature pyrolysis.['! The apparent decrease
in the 1,2,3,4-TTMB carbon isotope ratios with increasing
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Figure 3. Molecular ratios showing changes in the compositions of pyrolysates of
asphaltene HD11C obtained at different durations. The peak areas of the n-alkene/
alkanes were measured from the TIC chromatograms, while those of the aromatic
compounds are from the mass chromatograms of the corresponding characteristic
ions. TTMB includes 1,2,3,4- and 1,2,3,5-TTMB; TMB includes 1,2,4-TMB and
1,2,3-TMB. In (d), the MI/TTMB ratios and 1,2,4-TMB/1,2,3-TMB ratios are shown

by the right-hand scale of the Y-axis.

pyrolysis duration did not agree with kinetic isotope
fractionation from pyrolysis. In carrying out the isotope
measurements, the 3"°C values for this compound are easily
affected by the adjacent shoulder peak of methyl indene which
was observed to partly co-elute with 1,2,3,4-TTMB, and the
relatively poor separation between the two compounds may
lead to a negative shift in the 813C values. In addition, the
relative abundance of methyl indene significantly increased
when the pyrolysis duration exceeded 75 s (Fig. 3(d)),

Relative intensity

corresponding to the rapid decrease in measured 5'°C values
for TTMB.

The carbon isotope ratios of the n-alkanes and 1,2,3,4-TTMB
released by asphaltene HD11C pyrolysis at 60 s and 75 s
showed a marked difference (up to 14 %.), which is indicative
of different origins for these two types of molecules.'4] Thus,
rapid pyrolysis and subsequent isotope analyses effectively
distinguished between the sources of the organic moieties
bound in the asphaltenes.

;.._L_Jl_.]k_ul_.l.

Retention time (min)

Figure 4. Purified n-alkane fraction displayed by the 1/z 44 ion chromatograms

in carbon isotope measurements.
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Figure 5. (a) Carbon isotope ratios of n-alkanes. Shaded area is the 3'°C value
range of n-alkanes released from normal low-temperature pyrolysis of the
same sample.*3] (b) Carbon isotope ratios of 1,2,3,4-TTMB released at different
durations. Error bars indicate SD, 16, n = 6.

Carbon isotope analyses of n-alkanes released from
asphaltenes from various sources

The Tarim Basin in west China and the Bohai Bay Basin in
east China are two important petroliferous basins with
multiple source layers, and they have attracted continuous
geochemical studies of the oil source characteristics and the
extent of oil mixing.*”*#l Carbon and hydrogen isotope data
for the n-alkanes in the oil divide the marine oils from the
Tarim Basin into two distinct groups (Fig. 6).71 Carbon
isotope ratios of the n-alkanes released from normal
low-temperature pyrolysis of asphaltenes separated from
group I oils have been reported.2! In the present study,
the asphaltenes were separated from typical group II oils
(TD2 and TZ62S, Table 1) and characterized by the proposed
rapid pyrolysis method, along with asphaltenes previously
analyzed. A recent review suggested that group I oils
probably originated from the Cambrian-Lower Ordovician

source rocks, while the origin of group II oils still needs to
be clarified.2®! The n-alkanes released from five group I
asphaltene samples mostly showed 3'°C values varying from
—36 to —34 %o, which fall in the range of previously reported
group I oil asphaltenes.™! The n-alkanes obtained from
group II oil asphaltenes (TD2 and TZ62S) are much more
enriched in *C (by 4-8 %) than those from group I
asphaltenes, demonstrating the usefulness of carbon isotope
analyses of n-alkanes obtained from the proposed pyrolysis
procedure.

The n-alkanes of different carbon numbers obtained from
asphaltene TZ62S showed a small variation in carbon isotope
ratios (mostly within 0.5 %.), which is similar to that of the
n-alkanes in a saturated fraction of the corresponding oil
sample.l’”] Although the n-alkanes from the saturated fraction
of the group II oil, TD2, had almost identical isotope ratios to
those in sample TZ625,107 by comparison, the n-alkanes
released from the asphaltene sample TD2 were enriched with
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Figure 6. Carbon isotope compositions of n-alkanes released by pyrolysis of

asphaltenes from (a) the Tarim Basin,

and (b) the Bohai Bay Basin. All

pyrolysis was performed for 75 s. In (a), shaded area shows the 813C value
ranges of n-alkanes in the saturated fraction of oil typical of two groups.*”] In
(b), open and filled symbols indicate n-alkanes from the asphaltene
pyrolysates and saturated fraction of oil, respectively.

13C by 2-3 %o. The total carbon isotope ratio in the asphaltene
sample TD2 was higher than that in sample TZ62S by about 1.5
%o (Table 1). A relatively intensified thermal effect on oil TD2,
resulting from very deep burial in its geological history,[26]
could be responsible for the '*C enrichment of both bulk
asphaltenes and their bound organic moieties.

Two lacustrine oil samples from the Bohai Bay Basin
showed highly different n-alkane carbon isotope profiles, in
both the saturated fraction and the asphaltene pyrolysates.
The carbon isotope profiles from both the saturated fraction
of oil Wx133 and the pyrolysates of the corresponding
asphaltene showed a relatively flat pattern with less '*C
enrichment in the short-chain n-alkanes than in the long-chain
homologues. In addition, the 8'3C values of the n-alkanes from
these two fractions mainly range between —31 and —30 %o.
Along with the carbon isotope profile, these signatures

correlate with oils from the Eocene Kongdian mudstone
source rocks.!8 A further oil sample, W580D, exhibited more
complicated results: the n-alkanes from the saturated fraction
were characterized by a ‘V’-shaped carbon isotope profile, and
those from the asphaltene pyrolysates showed a similar profile
but with less variation in §'°C values for the n-alkanes from
C16 to Coz. The 8%3C values of n-alkanes with different chain
lengths varied from —31 to —28.5 %o for the asphaltene
pyrolysates, and from —32 to —28 % for the saturated fraction.
These characteristics suggest complex sources for the
n-alkanes in lacustrine oil, which is correlated to the shale in
member IV of the Shahejie Formation."® Thus, it is evident
that the n-alkanes from oil asphaltene pyrolysates may show
marked differences in both their isotopic signatures and their
profiles, which might be related to the isotopic differences of
the oil sources.
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CONCLUSIONS

A series of pyrolysis experiments was performed on an oil
asphaltene sample in sealed ampoules at 610°C for durations
not longer than 120 s. The pyrolysates obtained under these
conditions showed products similar to those released by flash
pyrolysis. Typical secondary reactions occurring in the closed
system became significant for pyrolysis durations longer than
90 s, as indicated by the yields and carbon isotopic signatures
of the n-alkanes and the relative abundances of aromatic
compounds in the pyrolysates. Hence, a short pyrolysis
duration of 75 s was adopted for routine analyses. Two
characteristic components in the pyrolysates, namely
n-alkanes and 1,2,34-tetramethylbenzene, showed highly
distinctive 8'°C values consistent with those from normal
low-temperature pyrolysis described in previous studies.
Furthermore, carbon isotope analysis of the n-alkanes derived
from the pyrolysis was demonstrated to be able to effectively
distinguish asphaltenes from different sources, inferred from
both the isotope profile and the isotopic signatures. The
proposed easy-to-use pyrolysis procedure provides an
alternative for rapidly obtaining n-alkanes from asphaltenes
for carbon isotope analyses, to assist in ‘oil-source’ and
‘oil-oil” correlation studies.

Acknowledgements

This work was supported by funds from the Chinese Academy
of Sciences (KZZD-EW-02-3), the Strategic Priority Research
Program (XDB10010204) and the Natural Science Foundation
of China (41473044 and 41321002). We are grateful to three
anonymous reviewers for constructive suggestions and
encouraging comments. This is contribution No. IS-2256 from
GIG-CAS.

REFERENCES

[1] I Rubinstein, C. Spyckerelle, O. P. Strausz. Pyrolysis of
asphaltenes: a source of geochemical information. Geochim.
Cosmochim. Acta 1979, 43, 1.

[2] E.Behar, R. Pelet. Characterization of asphaltenes by pyrolysis
and chromatography. J. Anal. Appl. Pyrol. 1984, 7, 121.

[3] F. Behar, R. Pelet. Geochemistry of asphaltenes. Org.
Geochem. 1984, 6, 587.

[4] Z. Sofer. Hydrous pyrolysis of Monterey asphaltenes. Org.
Geochem. 1988, 13, 939.

[5] M. G. Fowler, L. R. Snowdon, P. W. Brooks, T. S. Hamilton.
Biomarker characterisation and hydrous pyrolysis of
bitumens from Tertiary volcanics, Queen Charlotte Islands,
British Columbia, Canada. Org. Geochem. 1988, 13, 715.

[6] M. Nali, G. Caccialanza, C. Ghiselli, M. A. Chiaramonte.
Tmax of asphaltenes: a parameter for oil maturity
assessment. Org. Geochem. 2000, 31, 1325.

[7] W. L. Jia, P. A. Peng. Asphaltene structure in reservoir
affected by discharge of secondary condensate oil: laboratory
simulation. Petrol. Explor. Dev. 2003, 30, 112 (in Chinese with
English abstract).

[8] B. Mycke, K. Hall, P. Leplat. Carbon isotopic composition of
individual hydrocarbons and associated gases evolved from
micro-scale sealed vessel (MSSV) pyrolysis of high molecular
weight organic material. Org. Geochem. 1994, 21, 787.

[9] A.Wilhelms, S.R. Larter, K. Hall. A comparative study of the
stable carbon isotopic composition of crude oil alkanes and
associated crude oil asphaltene pyrolysate alkanes. Org.
Geochem. 1994, 21, 751.

[10] M. A. Rooney, A. K. Vuletich, C. E. Griffith.
Compound-specific isotope analyses as a tool for
characterizing mixed oils: an example from the West of
Shetlands area. Org. Geochem. 1998, 29, 241.

[11] W.Odden, T. Barth, M. R. Talbot. Compound-specific carbon
isotope analyses of natural and artificially generated
hydrocarbons in source rocks and petroleum fluids from
offshore Mid-Norway. Orq. Geochem. 2002, 33, 47.

[12] Y. Q. Xiong, A. S. Geng. Carbon isotopic composition of
individual #n-alkanes in asphaltene pyrolysates of
biodegraded crude oils from the Liaohe Basin, China. Org.
Geochem. 2000, 31, 1441.

[13] W. L. Jia, P. A. Peng, Z. Y. Xiao. Carbon isotopic
compositions of 1,2,3,4-tetramethylbenzene in marine oil
asphaltenes from the Tarim Basin: Evidence for the source
formed in a strongly reducing environment. Sci. China, Ser.
D 2008, 51, 509.

[14] W. L. Jia, Z. Y. Xiao, C. L. Yu, P. A. Peng. Molecular and
isotopic compositions of bitumens in Silurian tar sands from
the Tarim Basin, NW China: Characterizing biodegradation
and hydrocarbon charging in an old composite basin. Mar.
Petrol. Geol. 2010, 27, 13.

[15] R. E.Summons, J. M. Hope, R. Swar, M. R. Walter. Origin of
Nama Basin bitumen seeps: Petroleum derived from a
Permian lacustrine source rock traversing southwestern
Gondwana. Org. Geochem. 2008, 39, 589.

[16] L. Ellis, A. L. Fincannon. Analytical improvements in
irm-GC/MS analyses: advanced techniques in tube furnace
design and sample preparation. Org. Geochemn. 1998, 29, 1101.

[17] W.L.Jia, Q.L. Wang, P. A. Peng, Z. Y. Xiao, B. H. Li. Isotopic
compositions and biomarkers in crude oils from the Tarim
Basin: Oil maturity and oil mixing. Org. Geochem. 2013, 57, 95.

[18] S. M. Li, D. Guo. Characteristics and application of
compound specific isotope in oil-source identification for oils
in Dongying Depression, Bohai Bay Basin. Geoscience 2010,
24, 252 (in Chinese with English abstract).

[19] K. Grice, R. de Mesmay, A. Glucina, S. Wang. An improved
and rapid 5 A molecular sieve method for gas
chromatography isotope ratio mass spectrometry of
n-alkanes (Cg—Cs.). Org. Geochem. 2008, 39, 284.

[20] O. P. Strausz, T. W. Mojelsky, E. M. Lown. The molecular
structure of asphaltenes: an unfolding story. Fuel 1992, 71, 1355.

[21] E. Lehne, V. Dieckmann. Improved understanding of mixed
oil in Nigeria based on pyrolysis of asphaltenes. Org.
Geochem. 2010, 41, 661.

[22] V. Dieckmann, H. J. Schenk, B. Horsfield. Assessing the
overlap of primary and secondary reactions by closed- versus
open-system pyrolysis of marine kerogens. J. Anal. Appl. Pyrol.
2000, 56, 33.

[23] W.L.Jia, Q. L. Wang, J. Z. Liu, P. A. Peng, B. H. Li, J. L. Lu.
The effect of oil expulsion or retention on further thermal
degradation of kerogen at the high maturity stage: A
pyrolysis study of type II kerogen from Pingliang shale,
China. Org. Geochem. 2014, 71, 17.

[24] G. P. Lis, M. Mastalerz, A. Schimmelmann. Increasing
maturity of kerogen type II reflected by alkylbenzene
distribution from pyrolysis-gas chromatography-mass
spectrometry. Org. Geochem. 2008, 39, 440.

[25] S. C. Zhang, H. P. Huang, J. Su, M. Liu, H. F. Zhang.
Geochemistry of alkylbenzenes in the Paleozoic oils from
the Tarim Basin, NW China. Org. Geochem. 2014, 77, 126.

[26] H. P. Huang, S. C. Zhang, J. Su. Palaeozoic oil-source
correlation in the Tarim Basin, NW China: A review. Org.
Geochem. 2016, 94, 32.

wileyonlinelibrary.com/journal /recm

Copyright © 2016 John Wiley & Sons, Ltd.

Rapid Commun. Mass Spectrom. 2016, 30, 1779-1786


https://www.researchgate.net/publication/292205658_Palaeozoic_oil-source_correlation_in_the_Tarim_Basin_NW_China_A_review?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/292205658_Palaeozoic_oil-source_correlation_in_the_Tarim_Basin_NW_China_A_review?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/292205658_Palaeozoic_oil-source_correlation_in_the_Tarim_Basin_NW_China_A_review?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/284998284_Characteristics_and_application_of_compound_specific_isotope_in_oil-source_identification_for_oils_in_Dongying_Depression_Bohai_Bay_Basin?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/284998284_Characteristics_and_application_of_compound_specific_isotope_in_oil-source_identification_for_oils_in_Dongying_Depression_Bohai_Bay_Basin?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/284998284_Characteristics_and_application_of_compound_specific_isotope_in_oil-source_identification_for_oils_in_Dongying_Depression_Bohai_Bay_Basin?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/284998284_Characteristics_and_application_of_compound_specific_isotope_in_oil-source_identification_for_oils_in_Dongying_Depression_Bohai_Bay_Basin?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/271882440_Isotopic_compositions_and_biomarkers_in_crude_oils_from_the_Tarim_Basin_Oil_maturity_and_oil_mixing?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/271882440_Isotopic_compositions_and_biomarkers_in_crude_oils_from_the_Tarim_Basin_Oil_maturity_and_oil_mixing?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/271882440_Isotopic_compositions_and_biomarkers_in_crude_oils_from_the_Tarim_Basin_Oil_maturity_and_oil_mixing?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/267634862_Geochemistry_of_alkylbenzenes_in_the_Paleozoic_oils_from_the_Tarim_Basin_NW_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/267634862_Geochemistry_of_alkylbenzenes_in_the_Paleozoic_oils_from_the_Tarim_Basin_NW_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/267634862_Geochemistry_of_alkylbenzenes_in_the_Paleozoic_oils_from_the_Tarim_Basin_NW_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/261293867_The_effect_of_oil_expulsion_or_retention_on_further_thermal_degradation_of_kerogen_at_the_high_maturity_stage_A_pyrolysis_study_of_type_II_kerogen_from_Pingliang_shale_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/261293867_The_effect_of_oil_expulsion_or_retention_on_further_thermal_degradation_of_kerogen_at_the_high_maturity_stage_A_pyrolysis_study_of_type_II_kerogen_from_Pingliang_shale_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/261293867_The_effect_of_oil_expulsion_or_retention_on_further_thermal_degradation_of_kerogen_at_the_high_maturity_stage_A_pyrolysis_study_of_type_II_kerogen_from_Pingliang_shale_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/261293867_The_effect_of_oil_expulsion_or_retention_on_further_thermal_degradation_of_kerogen_at_the_high_maturity_stage_A_pyrolysis_study_of_type_II_kerogen_from_Pingliang_shale_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/261293867_The_effect_of_oil_expulsion_or_retention_on_further_thermal_degradation_of_kerogen_at_the_high_maturity_stage_A_pyrolysis_study_of_type_II_kerogen_from_Pingliang_shale_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248422379_Improved_understanding_of_mixed_oil_in_Nigeria_based_on_pyrolysis_of_asphaltenes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248422379_Improved_understanding_of_mixed_oil_in_Nigeria_based_on_pyrolysis_of_asphaltenes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248422379_Improved_understanding_of_mixed_oil_in_Nigeria_based_on_pyrolysis_of_asphaltenes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248422193_Increasin_maturity_of_kerogen_type_II_reflected_by_alkylbenzene_distribution_from_pyrolysis-gas_chromatography-mass_spectrometry?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248422193_Increasin_maturity_of_kerogen_type_II_reflected_by_alkylbenzene_distribution_from_pyrolysis-gas_chromatography-mass_spectrometry?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248422193_Increasin_maturity_of_kerogen_type_II_reflected_by_alkylbenzene_distribution_from_pyrolysis-gas_chromatography-mass_spectrometry?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248422193_Increasin_maturity_of_kerogen_type_II_reflected_by_alkylbenzene_distribution_from_pyrolysis-gas_chromatography-mass_spectrometry?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248421686_Analytical_improvements_in_irm-GCMS_analyses_Advanced_techniques_in_tube_furnace_design_and_sample_preparation?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248421686_Analytical_improvements_in_irm-GCMS_analyses_Advanced_techniques_in_tube_furnace_design_and_sample_preparation?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248421686_Analytical_improvements_in_irm-GCMS_analyses_Advanced_techniques_in_tube_furnace_design_and_sample_preparation?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248421673_Compound-specific_isotope_analysis_as_a_tool_for_characterizing_mixed_oils_An_example_from_the_West_of_Shetlands_area?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248421673_Compound-specific_isotope_analysis_as_a_tool_for_characterizing_mixed_oils_An_example_from_the_West_of_Shetlands_area?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248421673_Compound-specific_isotope_analysis_as_a_tool_for_characterizing_mixed_oils_An_example_from_the_West_of_Shetlands_area?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/248421673_Compound-specific_isotope_analysis_as_a_tool_for_characterizing_mixed_oils_An_example_from_the_West_of_Shetlands_area?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/245059463_Characterization_of_Asphaltenes_by_Pyrolysis_and_Chromatography?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/245059463_Characterization_of_Asphaltenes_by_Pyrolysis_and_Chromatography?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/242597883_Molecular_and_isotopic_compositions_of_bitumens_in_Silurian_tar_sands_from_the_Tarim_Basin_NW_China_Characterizing_biodegradation_and_hydrocarbon_charging_in_an_old_composite_basin?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/242597883_Molecular_and_isotopic_compositions_of_bitumens_in_Silurian_tar_sands_from_the_Tarim_Basin_NW_China_Characterizing_biodegradation_and_hydrocarbon_charging_in_an_old_composite_basin?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/242597883_Molecular_and_isotopic_compositions_of_bitumens_in_Silurian_tar_sands_from_the_Tarim_Basin_NW_China_Characterizing_biodegradation_and_hydrocarbon_charging_in_an_old_composite_basin?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/242597883_Molecular_and_isotopic_compositions_of_bitumens_in_Silurian_tar_sands_from_the_Tarim_Basin_NW_China_Characterizing_biodegradation_and_hydrocarbon_charging_in_an_old_composite_basin?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/242597883_Molecular_and_isotopic_compositions_of_bitumens_in_Silurian_tar_sands_from_the_Tarim_Basin_NW_China_Characterizing_biodegradation_and_hydrocarbon_charging_in_an_old_composite_basin?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/240412017_Hydrous_pyrolysis_of_Monterey_asphaltenes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/240412017_Hydrous_pyrolysis_of_Monterey_asphaltenes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/239343961_Assessing_the_overlap_of_primary_and_secondary_reactions_by_closed-_versus_open-system_pyrolysis_of_marine_kerogens?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/239343961_Assessing_the_overlap_of_primary_and_secondary_reactions_by_closed-_versus_open-system_pyrolysis_of_marine_kerogens?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/239343961_Assessing_the_overlap_of_primary_and_secondary_reactions_by_closed-_versus_open-system_pyrolysis_of_marine_kerogens?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/239343961_Assessing_the_overlap_of_primary_and_secondary_reactions_by_closed-_versus_open-system_pyrolysis_of_marine_kerogens?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/235889492_Tmax_of_asphaltenes_A_parameter_for_oil_maturity_assessment?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/235889492_Tmax_of_asphaltenes_A_parameter_for_oil_maturity_assessment?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/235889492_Tmax_of_asphaltenes_A_parameter_for_oil_maturity_assessment?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/232383438_An_improved_and_rapid_5A_molecular_sieve_method_for_gas_chromatography_isotope_ratio_mass_spectrometry_of_n-alkanes_C8-C30?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/232383438_An_improved_and_rapid_5A_molecular_sieve_method_for_gas_chromatography_isotope_ratio_mass_spectrometry_of_n-alkanes_C8-C30?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/232383438_An_improved_and_rapid_5A_molecular_sieve_method_for_gas_chromatography_isotope_ratio_mass_spectrometry_of_n-alkanes_C8-C30?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/232383438_An_improved_and_rapid_5A_molecular_sieve_method_for_gas_chromatography_isotope_ratio_mass_spectrometry_of_n-alkanes_C8-C30?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/232383438_An_improved_and_rapid_5A_molecular_sieve_method_for_gas_chromatography_isotope_ratio_mass_spectrometry_of_n-alkanes_C8-C30?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/232383438_An_improved_and_rapid_5A_molecular_sieve_method_for_gas_chromatography_isotope_ratio_mass_spectrometry_of_n-alkanes_C8-C30?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/225696804_Carbon_isotopic_compositions_of_1234-tetramethylbenzene_in_marine_oil_asphaltenes_from_the_Tarim_Basin_Evidence_for_the_source_formed_in_a_strongly_reducing_environment?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/225696804_Carbon_isotopic_compositions_of_1234-tetramethylbenzene_in_marine_oil_asphaltenes_from_the_Tarim_Basin_Evidence_for_the_source_formed_in_a_strongly_reducing_environment?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/225696804_Carbon_isotopic_compositions_of_1234-tetramethylbenzene_in_marine_oil_asphaltenes_from_the_Tarim_Basin_Evidence_for_the_source_formed_in_a_strongly_reducing_environment?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/225696804_Carbon_isotopic_compositions_of_1234-tetramethylbenzene_in_marine_oil_asphaltenes_from_the_Tarim_Basin_Evidence_for_the_source_formed_in_a_strongly_reducing_environment?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/225696804_Carbon_isotopic_compositions_of_1234-tetramethylbenzene_in_marine_oil_asphaltenes_from_the_Tarim_Basin_Evidence_for_the_source_formed_in_a_strongly_reducing_environment?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223609664_Carbon_isotopic_composition_of_individual_hydrocarbons_and_associated_gases_evolved_from_micro-scale_sealed_vessel_MSSV_pyrolysis_of_high_molecular_weight_organic_material?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223609664_Carbon_isotopic_composition_of_individual_hydrocarbons_and_associated_gases_evolved_from_micro-scale_sealed_vessel_MSSV_pyrolysis_of_high_molecular_weight_organic_material?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223609664_Carbon_isotopic_composition_of_individual_hydrocarbons_and_associated_gases_evolved_from_micro-scale_sealed_vessel_MSSV_pyrolysis_of_high_molecular_weight_organic_material?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223609664_Carbon_isotopic_composition_of_individual_hydrocarbons_and_associated_gases_evolved_from_micro-scale_sealed_vessel_MSSV_pyrolysis_of_high_molecular_weight_organic_material?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223561205_Compound-specific_carbon_isotope_analysis_of_natural_and_artificially_generated_hydrocarbons_in_source_rocks_and_petroleum_fluids_from_offshore_Mid-Norway?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223561205_Compound-specific_carbon_isotope_analysis_of_natural_and_artificially_generated_hydrocarbons_in_source_rocks_and_petroleum_fluids_from_offshore_Mid-Norway?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223561205_Compound-specific_carbon_isotope_analysis_of_natural_and_artificially_generated_hydrocarbons_in_source_rocks_and_petroleum_fluids_from_offshore_Mid-Norway?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223561205_Compound-specific_carbon_isotope_analysis_of_natural_and_artificially_generated_hydrocarbons_in_source_rocks_and_petroleum_fluids_from_offshore_Mid-Norway?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223480399_Origin_of_Nama_Basin_bitumen_seeps_Petroleum_derived_from_a_Permian_lacustrine_source_rock_traversing_southwestern_Gondwana?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223480399_Origin_of_Nama_Basin_bitumen_seeps_Petroleum_derived_from_a_Permian_lacustrine_source_rock_traversing_southwestern_Gondwana?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223480399_Origin_of_Nama_Basin_bitumen_seeps_Petroleum_derived_from_a_Permian_lacustrine_source_rock_traversing_southwestern_Gondwana?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223480399_Origin_of_Nama_Basin_bitumen_seeps_Petroleum_derived_from_a_Permian_lacustrine_source_rock_traversing_southwestern_Gondwana?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223044857_A_comparative_study_of_the_stable_carbon_isotopic_composition_of_crude_oil_alkanes_and_associated_crude_oil_asphaltene_pyrolysate_alkanes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223044857_A_comparative_study_of_the_stable_carbon_isotopic_composition_of_crude_oil_alkanes_and_associated_crude_oil_asphaltene_pyrolysate_alkanes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223044857_A_comparative_study_of_the_stable_carbon_isotopic_composition_of_crude_oil_alkanes_and_associated_crude_oil_asphaltene_pyrolysate_alkanes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223044857_A_comparative_study_of_the_stable_carbon_isotopic_composition_of_crude_oil_alkanes_and_associated_crude_oil_asphaltene_pyrolysate_alkanes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223008007_Geochemistry_of_asphaltenes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/223008007_Geochemistry_of_asphaltenes?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/222775498_The_Molecular_Structure_of_Asphaltene_An_Unfolding_Story?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/222775498_The_Molecular_Structure_of_Asphaltene_An_Unfolding_Story?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/222605316_Pyrolysis_of_asphaltenes_a_source_of_geochemical_information?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/222605316_Pyrolysis_of_asphaltenes_a_source_of_geochemical_information?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/222605316_Pyrolysis_of_asphaltenes_a_source_of_geochemical_information?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/222529713_Carbon_isotopic_composition_of_individual_n-alkanes_in_asphaltene_pyrolysates_of_biodegraded_crude_oils_from_the_Liaohe_Basin_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/222529713_Carbon_isotopic_composition_of_individual_n-alkanes_in_asphaltene_pyrolysates_of_biodegraded_crude_oils_from_the_Liaohe_Basin_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/222529713_Carbon_isotopic_composition_of_individual_n-alkanes_in_asphaltene_pyrolysates_of_biodegraded_crude_oils_from_the_Liaohe_Basin_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/222529713_Carbon_isotopic_composition_of_individual_n-alkanes_in_asphaltene_pyrolysates_of_biodegraded_crude_oils_from_the_Liaohe_Basin_China?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/216539304_Biomarker_characterisation_and_hydrous_pyrolysis_of_bitumens_from_Tertiary_volcanics_Queen_Charlotte_Islands_British_Columbia_Canada?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/216539304_Biomarker_characterisation_and_hydrous_pyrolysis_of_bitumens_from_Tertiary_volcanics_Queen_Charlotte_Islands_British_Columbia_Canada?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/216539304_Biomarker_characterisation_and_hydrous_pyrolysis_of_bitumens_from_Tertiary_volcanics_Queen_Charlotte_Islands_British_Columbia_Canada?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/216539304_Biomarker_characterisation_and_hydrous_pyrolysis_of_bitumens_from_Tertiary_volcanics_Queen_Charlotte_Islands_British_Columbia_Canada?el=1_x_8&enrichId=rgreq-6ce0fa38298acb4ee4567d0a74482a2c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTczMTkzMztBUzozOTI2NjA1MDMyODU3NzBAMTQ3MDYyODk2NzcwNA==
https://www.researchgate.net/publication/305731933



