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Absiract Isolopic compositions of carbon-bound hydrogen in individual r-alkanes from sew-
eral typical crude oil samples from Lunnan Qilfield, Tarim Basin, NW China, were firstly measured
using newly developed gas chromatography-thermal conversion-isolope rafio mass spectrometry,
The similar range of 5D of individual n-alkanes of crude ails among reservoirs of diffarent gea-
logical times reflects that hydrocarbons are all derived from the same marine depositional envi-
ronmeantl. Comparad to the theoratic value (-150%:) and the reported &0 values [(nC,:—mCas,
160500 — -80%) of individual p-alkanes for Ordovician-sourced crude oils in the Canadian 'Wil-
liston Basin, the hydrogen isctopic composition of individual r-alkanes in crude oilz from Lunnan
Dilfield is characterized by heavy hydrogen isolopic values (nGiz—nCer, —120%0— 8050 In
terms of the factors thal conirol the fractionation of hydrogen isctopes, relatively saline deposi-
tional environment and higher thermal maturation were afiributed 1o the heavy &0 values of in-
dividual g-alkanes in crude ails from Lunnan Qilfield.

kevwords: hydrogen istopes, individoal r-alkanes, distribution, hydrocarbon souree, Loannan Chillield.
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Petrolesm mainly comprises carbon and hydrogen
elements, The swhle carbon sotopic analvsis  for
whiole oil was underiaken ns early as the 1930, Adter
decades, the stable carbon isolopic analytical methods
have been developed from analyziz for whole oil and
oil Tractioms (eg., sawraked, aromatic and polar frac-
tions) into compound-specific isotopic analysis with
the emergence of the newly developed GC-C-IRMS
analvtical  technigque,  Especially, by wsing  com-
pound-specific isodopic analviical methods at molecu-
lar level, the diverse factors that influence carbon iso-
topic compositions of oils can be dissected’! 10 allow
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vz do produce more sirighiforward  inlerprettions
about their origins” Y, which revealed the technical
advantages,

Stable hydrogen isolopic analyses have been widely

conducted for studies of coal™, oill” ] bl

gas ' =1 Particularly. the stable hydrogen isolopic
pnalyvses of oils have also been integrated with stable
carbon isolopic analyses io enhance the accuracy of
source assignments’ . Compared o the stable car-
ban ismopic composiions, hydrogen 1selopic compios-
sitions have two distinet advantages, One is that the
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S ovalues theoretically have the largest variation
ramge due o the largest variatons in the relative mass
number among all the elements, The other 15 that the
stable carbon isotopic ratios can reflect the charasier-
istics of carbon cycle and diagenetic process, while the
stable hydrogen isotopic ratios can reflect the charac-
teristics of water cycle and dingenetic process. For
example, Scholl (19%84a) has suggested that the S0
values of whole oils are effective for differentiating
amomg oils a5 denived respectively from source rocks
of carbonate, shale and marl facies'", which reveal
the potential application advaniage of stable hydrogen
isciopic analyses. In view of these points, stable hy-
drogen isotopic analyses of individual s-alkanes for
crude oils can play an imporiant role in the siudies of
source assignment and selection of prospection targets,

However, analysis and application of compound-
specific hydrogen isotopic compositions are not so
wide a5 that of individual stable carbon isotopic
analyses, Few siudies on hydrogen isotopic composi-
tions of individual compounds were involved ever
since Li et al, (2001} reported the hvdrogen isotopic
compositions of s-alkanes and acyelic isoprencids
alkanes of crude oils from Canadian Alberta and 'Wil-
liston sedimentary basins'!. In this paper we will first
measure  the hydrogen  isolopic compositions  of
n-glkanes for some typical crude oil samples from
Lunnan Chlficld, Tarnm Basin, and then tentatvely
discuss their applications in petroleam geochemistry.

I  Samples and experiments

Six oil samples were selected for hydrogen isotopic
analyses, they include wo Triassic-aged oils from
Lunnan 23 well (4642 — 4651 m) and Lunnan 14 well
(460975 = 4625 m), and four Ordoviclan-aged oils
froom Lunnan 44 well (5283 —35323), Lunnan 46 well
(6119—6144), Lunnan 10 well (5349—5381 m) and
Shacan 2 well (3363 — 5391 m}, and are composed of
waxy oils, light oils and heavy oils, which are repre-
sentative of the diverse range of ol types in Lunnan
region. Asphaltenes for all oils were removed by pre-
cipiteton with s-hexane followed by filtration. The
degsphalted oils were then separated inlo saturated,
aromatic and polar (M50) fractons by silica column

chromatography, vzing s-hexane, benzene amd ethanal
ws the solvents, respectively, r-Alkunes were further
separated from the sapuraed factions by urea-sddoc-
thom andd wzed for gas chromatog raphy -thermal conver-
sicn-isolopic rate mass spectrometry (GC-TC-TRMS)
analyses.

Hydrogen isotopic analysis of individual n-alkanes
wie performed using the GO-TC-IRMS sysiem al our
lab {the State Key Laboratory of Organie Geochemis-
iy, Guangzhou), An HPSEOD plus GO equipped with a
high temperamwre pyrolysis unit 15 interfaced via a
GO-Cyy interface 10 a Finnigan Mat Delta plus™ mass
spectrometer. Individual compounds as separated by
using GC were pyrolysed 1o C and Ha an 1440, amd
the latter was used to measure the hydrogen isotopic
COMpositions,

The capillary colummn vsed for GO separation was a
60 m HP-3MS (00,32 nm = (.25 um}. The temperature
program was 60T (sothermal for 5 mind o 2907 a
3Cfmin, followed by isothermal heating at 200°C for
30 min. Ultra-high purity helium was used as carrier
gas. The GO was operated in constant flow mode with
a flow rate of 1.5 mLfmin. All the sample inpection
wias performed m column injection mode 10 onder for
isoiopic fractionation o be completed in the injecion
Typacally, an amount of ~130— 23} ng per compound
on the column was nesded o produce enough signal
inlensily,

The instrument was mned 1o ensure that the Hiy fac-
i ranges between 5— 100 The H; factor was deier-
mined on a daily basis and for analyses of every
samples in order 0 ensure the siahility of the mass
spectrometer and the relighility of data yielded. The
hydrogen isotopic compositions of individual r-al-
kanes are calibrated against the co-injecied isotopic
standard (provided by Indiana  University)  with
pre-determined &0 values, The D values of the
Indiana standards were measured by the conventional
off-line combustion method. Tvpacally, the S0 values
of standard compounds injected over a 24-h period did
not vary by more than 2. RBeference hydrogen gas
(pre-determined  and  calibrated by typical 1AEA
EMOW/GISPASLAP water) was also mjected inio the
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IEMS instrument for each sample. The reprodecibility
and accuracy of the hydrogen isoopic analyses for
unknown sample compounds were also pearanieed by
the perodical injection of Indiana sandards (ypically
o standard injection per six sample analyses),

Al the zamples were analyeed for more than three
times but only the average values were given in this
paper. All the hydrogen isotopic values were reported
in the vsual “del™ notation relative o VEMOW, The
standard deviations for the mepsured samples were
tvpically bess than 5%,

2 Results

Analyical results and dismbutions of S0 valwes for
inchvidual r-alkanes of some crude oils in Lunnan
(hlfield are summanzed in Fig, 1. Several general ob-
servaions can be made from the obtwned S values
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Lunnan Oilficld and oil from Shacan 2 well are similar
t those of n-alkanes for two Tnassic-aged mls. The
standard deviatwom of &0 valves Tor each individual
realkanes of six samples ranges from 4.6 © 9.7, while
the hydrogen sotopic ratios of p-alkanes are mainly in
the range of —1 206 — 6%y, Moreover, hydrogen
isciopic ratios wnd fo be increased with the increase of
carbon number, in other words, lower  molecular
wieight m-alkancs tend o show lower T values than
their higher homologues,

3 DMscusslons
3.1 Hwdrogen isotopie compositions of r-alkanes
and its range

The hydrogen isopic compositions of n-alkanes
fior erude oils in the Lunnan Chilfield are mainly in the

range of —1 2060 — -6, This range is similar & the

(Fig. 1) Apparentdy, hvdrogen isolopic  compo- range for the SD values (- 11 7% —-97%<) of Protero-
sitioms of p-alkanes for three Ordovician samples from zoic crude oils, but largely different from that for the
L arksnn namber
12 14 I T 0 2 M b3 kL kLl
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= 2R3 Twen Ordovickan=sourced crude il samples.
» =il = 236400 from Willaton Basine Camada daccording o Li et al,, 204H )
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Feg. 1. &0 valses af n-alkanes for cnede ails. (The hydrogen isolopic ratios measured For oils in Lonnas Oilfickl, Tarim Basin 5% Chisa are ploi-
Tisl i sl Demees, wohibe the diata citisd in dash were thoese for P Oedoy jeiae- sogmeed crude ails Trom Canadian Williston Basis as ecbegrved by Li o al,
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F I valves (- 180 — = 105%) of Tertary crude oils as
reported by Hoering (197717, Furthermore, this range
of data is similar w0 the range (—181%e—-85%0) for
the &0 values of the marine sourced oils a5 ohserved
by Scholl (1984a)"), but different from the range
[—E8%e = —161%e, with the majority between —137%.
and ~151%¢) for the &0 values of the Chinese terres-
taal sourced oils as observed by Fan and Claypool
104y

Many studies have indicated that the hydrocarbons
in Lunman Dhllfield are possibly denved from contribu-
oz of source rocks of Middle-Lower Precambrion
and Middle-Upper Ordovician marine sediments. Ac-
cording w the S values of r-alkanes in crude oils in
this siudy, the potential source rocks seem o be
mainly derived from marine sediments, which 15 in
good agreement with the geological siluation in the
Tarim Bazin,

The overall isotopic fractomion between envi-
ronmental waler amd lipids bicaynibesized by auio-
trophs 15 about 147%: + 3% in nawre’™, and abow
1 48% +4%e under labaraiory conditions!"”, If no sig-
nificant isoopic exchange is caused by secondary re-
actions, oils as derived from marine source rocks are
mowe likely to have their 5D values close 1o —150%. ",
hecause the hydrogen isotopic composition of ooeanic
waters will generally he near (%", Obvicusly, the
hydrogen  isolopic  composiions  of  individual
n-alkanes for oils in Lunnan (hilficld have higher ST
values. Furthermore, in comparison o the S0 values
of two Ordovician-sourced crode oils in Cangdian
Williston Basin as observed by Li et al. (20001)"! {as
shown in Fig. 1), the hydrogen isotopic compositions
of n-alkanes for crude oils in Lunnan Chlfield are stll
charactenzed by higher &1 values.,

32 Corve for the distribution of the S0 values of
r-alkanes

As shown in the curves for the distibution of the
S0 valves of individual r-slkanes for crude ols
Lunnan Oilfield, an apparent trend can be seen that the
hydrogen zotopic ratios become heavier with the in-
crease of carbon number, which 15 identical o the dis-

tribution trend for oils in Canadian Basin as observed
by Li et al. (20000, There is no evidence for the
change of F0 wvalves with chain length in the
re-alkames, m-pleohols and s-fany acids as isolated
from a range of living organisms at present'”™, The
reascn for the relative enrichment of deuterium in
higher molecular weight m-alkanes is not clear but one
possible explanation could be the preferential removal
of deuterium-depleted compounds, In the view point
of the mobecular structure, C-"H bond is preferentially
existent in ihe prodect due o §s relaively weak
bonding energy while deuterium is held in the residual,
I the thermal maturation processes of hydrocarbons,
the geperation velocity of lower carbon numbered
n-alkanes is larger than that of higher carbon num-
bered m-alkanes, Comespomdingly, the lower carbon
numbered s-alkanes are deoterium-depleted while the
higher carbon numbered n-alkanes are dewterium-
enriched, This seems w be an inevitable distribution
trend for s-alkanes,

Sufficient artention may have tw be paid 1o this
point during the study of hydrogen isoopic composi-
tioms of individual pealkanes. Organic substances in
nature have the largest vanations in terms of the ratio
of stahle hvdrogen 1sotopes simply because the two
stable hydrogen isotope elemenis demonsiraie the
largest variations in ferms of the relative mass number,
Ao result, the distibution curve of hydrogen 1solopc
ratios of s-alkanes 1= charscterized by a slope that will
be more variable than that of the disiribution curve of
stable carbon izotopic ratios of r-alkanes, According
i the principle governing the slope of distributicn
curve reswlted from the vatations in generation velos-
ity as staksd above, for the distribution curve of hy-
drogen 1sofopic ratos of s-alkanes, the slope may
contain the signal of thermal maturity of samples,
while the intercept in the longitudinal axis could in-
clude the signal of source organic matter and deposi-
tomal environment, if under wdentical comditions, Thus,
the distribution curve of hydrogen isolopic ratios of
n-alkanes can be applied to an estimate about the
thermal maturity and the determination of source or-
ganic matter amd depositional environment, Guan et al,
(2003 wsed o similor methaond im0 the applicaton of diz-
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tribution model about the carbon Isotopic ratios of
n-alkanes™".

3.3 Genetic analysis about the deuterium-enriched
charactenistics of g-alkanes for Lunnan crude oils

The factors that conirol hydrogen iscdopic ratios
must be analyzed before an interpretation about the
charactenstics of dewterium ennchment in m-alkanes
of oils in Lunnan Chilfield can be reasonably made. In
the process of hydrocarbon generation, expellation and
migration from the onginal source Kitchen o the pre-
sent traps, the main factors that determine the 5D val-
ves of s-alkanes in crude oils can be discussed as fol-
s,

(1) Variations in source organism and depositional
s-Alkancs are mainly deoved from
lipids in living organisms that arc biosynthesized by
acetyl-CoA (pathway 1). Generally, acetyl-CoA can be
onginated via three pathways: (1) via the degradation
of carbohydrate as resulted from photosynthesis i the
chondriosome (pathway 2); (2) via the decomposition
of amino acids (pathway 3); (3) via the metabolizsm of
lipids in living organisms (pathway 4). During photo-
synthesis, w0 frschonation ocours for the hydrogen in
water that was incorporated into the organism®™ ' thus

envirmnment,

the &0 valves of organism are ulimately determined
by the D values of environmental water, Therefore,
hydrogen  isotopic  compositions of  s-alkanes  ane
mainly determined by the ST values of environmenial
watler and biochemical synthesis pathways of lipids
(pathways 1 —4) AL present, it remains unknown
about the vanations of hydrogen isotopic compositions
in the biosynthetic process of lipids. However, it can
he concluded here that the hydrogen isofopic composi-
tions of environmental water and MATDPH as used in
the biosynthetic reduction do have a significant influ-
ence on the &0 valees of hipid compounds. Our argu-
ment is based on several aspects lisied as follows:

[} Lipids in the organism tend o be depleted in the
heavy hvdrogen isotopes as compared 1o carbohy-
drates and lgnite, The SD values of some trees range
fromm = 34% 0 1o = 11250 while algae are depleted in deu-

terium (e.g., the §D valees of blue-green algae are
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=10 e— = 147%c k. n-Alky] lipids are deplewed in deu-
feriwim relative 1o growth water by 113%— 262%.,
while polyisoprenoid lipids are depleted in deuterium
relative to growth water by 142%,—376%."".

2) Water is the main source of hydrogen used by
primary |:|-|'v|:u:ll.|n|:n'.:lsm':1
be enhanced with the increase of salinity due o pref-
crential evaporaton of 'H:{}I than kL) As a result,
terrestrial fresh water is depleted in devteriom (8D =
= 2% — <H1%Ee) while salt sea water is enriched in deu-
ferum (F0 = =20%:— %), Correpondingly, the sta-
ble hydrogen i=oiopic compositions of marine ails
range from -33%0 to —181%e while nonmarine oils
=130  and
— 1635, Generally speaking, if the environmental

I The &D values of water will

have &0 walues ranging between

conditions are identical, the enrichment of S0 values
of waters can gencrally be related o paleosnviron-
ments charactenzed by warm and semiand o and
climates, simply because intense evaporation of waler
can result in the subseguent enhancement of dewteriom
concentration in liquid phase™ . The tend of en-
richment of S0 values for kerogens and crude ails
under saline depositional conditions has been verifed
by many studies’'" " The highly reductive and
salted depositional environment for marine source
rocks in the Tarim Basin, NW China, which inevitably
produce enriched D values for individual hvdrocar-
bons, has been validated by abundant gammacerane
and aryl isoprencids detected in the source rocks amd
crude oils'™!

(2} Effect of thermal maturation on &0 values,
When the maturity of the oils changes from marginally
mature w0 highly matere, a $0%: enrichiment was ob-
served by Li et al. (20010 in the weighied average
S0 valves of r-plkanes in the oils from Coanedian
Sedimentary Basin. A similar trend towards less nega-
tive §D values with increasing thermal maturity was
also observed in source rock kerogens in the Mahakam
T'mha'“", the Morwegian Morih S-uﬂ”" amd the coal
extracts from Awvstralia”. Generally, the increase of
thermal matunty of crode oils will result in the en-
hancement of the slope of the curve.
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(30 Effect of migration on DY values.,  Although i
remainz unkmown as o the solopic fractonwtion efect
during oil migration from the ofginal source kitchen
tor the present iraps, oo evidence has been found so far
that significant hvdrogen izotopic exchange oocurs
during secondary migration and progressive vaporiz-
tion of crude oils'"™, In the smdies about hydrogen
isciopes of individwal p-alkanes in Canadian Willision
Basin by Li et al. (20000, only a small variation
(4%e) was observed in the weighted average S val-
ues of the C2—Cy s-alkanes for those oils with a
lateral migration distance of at least 150 km. In this
study, Lunnan 46 well is located in the west side of the
Jiefangqu-Jilake fectonic zone, Lunnan 14, Lunnan 23
and Lunnan 44 wells are located in the east, mddle
and west parts of the Sangtamu faulted zone, respec-
tively, while Lunnan 10 well is located in the cast part
of the Lunnan faulied zone. However, no systcmatic
variation of hydrogen isoopic ratios of n-alkanes in
large magnitude exists for these crude oils, which
suggests that little interaction among the hydrogen
isotopes occurs between migrating oil and the carrier
rocks.

(4) Hydrogen isotopic exchange reaction.  Possi-
ble hydrogen isoiopic exchange must be taken into
aceount at the late diagenetic stage owing o the en-
hancement of thermal stress. However, hydrogen ele-
ment i the organic matter 15 hinked by C<H bond with
higher bond-energy. As a result, HoO at newtral pH and
low temperature in the absence of a catalyst does not
reachly exchange with most carbon-bound orgamc hy-
drogen, Thus, significant bydrogen isolopic exchanges
hetween n-alkanes in crode oils and sedimentary water
are unhkely o oceur under tvpical reservorr conditions
over peological time!' " Furthermore, results of
long-duration experiments a2 performed by Yeh and
Epstein (19811, who heated a mixwre of ol amd
D-enriched water (S0 = 2006 an 180 + 2070 for
tweor moenths, show that exchange of hivdogen isotopes
hetween the oils and water is nol extensive enotgh 1o
affect the D values of crude oils™, In Fig.l, the large
variations of stable hydrogen isotopic compositions
for p-alkancs with different carbon numbers, reveal no
exchange of stable hydrogen isotopes in Lunnan crude

oils.

On the basis of analyses of factors that control hy-
drogen isoopic ratios, 1013 reasonable w conclude here
that, with the premise of similar algae sources anmd
identical ocennic Bochemical setings, the deoterium
enrichment in g-alkanes for oils in Lunnan Chlfeld
mainly reflects the salinty environment dunng sedi-
mentation of source oreanic matter. The consistent
slope of the distribution curves indicates that these ails
are b o similar thermal maturty stage, The similarny
in distribution curves for oals froo different aged res-
ervairs 15 indicative of the similanty of depositonal
wler environmenis.

4 Conclusions

We have mepsured the hydrogen isoopic composi-
tions of individual r-alkanes for several typical crude
0ils from Lunnan (¥ilficld. Tarim Basin, N'W China by
using the newly developed gas chromatogra-
phy-thermal conversion-isolope ratio Mass spectrome-
try. The similar range of 50 of individual p-alkanes
for crude oils among reservoirs with different geo-
logical fimes reflects that hydrocarbons are all derived
from the same marine depositional environment,
Compared o the theoretic value (—130%) and the re-
poried FD valwes (C)>—Chr, — 10050 —-90Fs) of in-
dividual s-alkanes for Ordovician-sowrced crude oils
in Cansdian Willision Basin, the hydrogen isotopic
composition of individual s-alkanes in crude oils from
Lunnan Oilfield is characterized by heavy hydrogen
isodopic values (Cp— o, — 1205 — 607 ), Based on
the analyses of the Gctors that contrel hydrogen iso-
togic values durmg generaton and thermal maturation,
the higher &1 values of individual n-alkanes in crude
oals from Lunnan Oalficld, Tanm Basin, NW China,
can be related 1o the relatively saline depositonal en-
vironment and the higher thermal maturation stage.
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