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Stable carbon isotope distribution patterns of kerogen and
its derived hydrocarbons constrained by primary biomass
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Abstract: There exists a stable carbon isotope reversal between crude oils and kerogens from the Cambrian—-Lower
Ordovician source rocks of the Tarim Basin NW China. To verify the inverse carbon isotopic pattern and probe the
possible mechanism three shale samples with low thermal maturity were used for thermal simulation experiments two
of which were taken from the Neoproterozoic Xiamaling Formation in Xiahuayuan region North China ( one from argil—
laceous shale and the other from calcareous shale) and the third one was from the Permian Lucaogou Formation in
Santanghu Basin Northwest China ( argillaceous shale). A reversed carbon isotope distribution pattern between
kerogen residue and its pyrolysates was observed for the Xiamaling calcareous shale which was not found for the
Xiamaling argillaceous shale or Lucaogou argillaceous shale. A stronger carbon isotope fractionation was found for the
pyrolysates from Xiamaling calcareous shale kerogen than those from argillaceous shale kerogens and then accordingly
a weaker carbon isotope fractionation was determined for the pyrolyzed residues from Xiamaling calcareous shale
kerogen. Combined with organic petrology and thermal simulation experiments the “Xiahuayuan algal relic” from
Xiamaling calcareous shale was supposed to have a lower hydrocarbon generation capacity than the mineral bituminous
matrix from Xiamaling argillaceous shale and the laminated algae from Lucaogou argillaceous shale. Combined with
biomarker distribution features it was suggested that the reversed carbon isotope pattern between kerogen residue and
its pyrolysates may be ascribed to the contribution of some special biomass ( primarily constituted by n-alkanes) of

early life or the isoprenoid compounds were less preserved in the process of biomass sedimentation.
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Table 1 Basic geochemical data of shale samples from the Neoproterozoic Xiamaling Formation in
Xiahuayuan region North China and the Permian Lucaogou Formation in Santanghu Basin Northwest China

E

w(TOC) / Ry Th!  (S14Sy) / Iy/ Iy/ H/C 0/C
% R, /% T (mgrg') (mgeg') (mgeg)
7.76 0.66 433 23.82 377 2 .13 0.11
9.26 0.81 436 48.71 517 41
10.97 0.52 439 60.69 564 45 1.24 0.14

(1) (S:+5,)
( )
( lal a2);
( lb) 23
3.2
3.2.1
Co,
CH,
C2+ ( 2) °
420 C
( 2bc). CH G, :
al(R) .1 250 Cal(F).
. 1250 (
). a2( R) . 500
€O, L a2( F) . 500
23
:b( R) .500 ;
b( F) . 500
Fig.1 Microscopic characteristics of shale slices from
° the Neoproterozoic Xiamaling Formation in Xiahuayuan
C,, 420 C region North China and the Permian Lucaogou
C,, 420%C Formation in Santanghu Basin Northwest China
o 3 nCs 400 C
nC,~ iCs o 400 °C nCs,
nC4 N iCS N rLCS °
400 C 400 C nC,, 3.2.2 CO,
o 2
1Cs~nCy (8C) ste
400 °C 400 °C iC, : 8¢

o 87 C,>8"C,>8"C, »



* 655 -

. T DU HIRR U
FEmPE | PR R %
WHEWW) | BRVN) | BRIV |[ERER 5400, AR5
0;1|0'.3|0;5'0;7 Q.l'0;3'0;5,0;7' 0;1'0;3|0;5|0;7' '3.2"3,0 .'2‘8 . -4|1 '-3‘5 ‘-2‘9 '-2'3 -3’2 .'3.0.'2‘8 |-2|6
T
c GG
A rCO’ 7
1350
. G
§ 1380 o
1 e
m Jao
& AN V=8
el | ®
420
L —1450
Hoits
b F DA RF T
% PR R %
WHEWW | BRVV) | ERRVW) mzw&;ﬁ RO, ARHRAL
01 03 05[01 03 05 07( 0.1 0305 07 '.33.'2.9 -?7 47 41 35 29 [-34 30 -26

.............

o By LR R U
FEREE O RANE
BWEHWW) | RRON) | RSOV | B0, AR
0.'1 . 0|.3 : 0'.5 0;1 . 0|.3 ; 0;5 i 0.|7 OEOKOIZ.O\A. 0;6‘ Q.8—3l 29 27 42 -36 -30 -24 -3|3 ‘—3‘1 ; »%9| -27
06 mﬁmlﬂi@ %Jﬁi
sREe (Y Co 1
08 o \ i
Ws e
1.0F
g 1 l
ﬁTxk 12f /
b 4 was\
14
16 1 T
A BaERA
20| l\
< A 1450
c C H,

320

350

380

400

AR/ C

420

2

Fig.2 Thermal simulation product quantities and isotope fractionation results of kerogen in shale samples from the Neoproterozoic
Xiamaling Formation in Xiahuayuan region North China and the Permian Lucaogou Formation in Santanghu Basin Northwest China
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Fig.3  Quantities of gaseous product from pyrolysisof kerogen in shales samples from the Neoproterozoic
Xiamaling Formation in Xiahuayuan region North China and the Permian Lucaogou Formation in Santanghu Basin Northwest China
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