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Figure 1
Partial data are collected from Ref. [12]
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The comprehensive histogram of lithology, total organic carbon (TOC), pyrolyzed S,+S,, hydrogen index (HI) of the Xiamaling Formation.
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Table 1 Organic geochemical parameters of Xiamaling samples used in gold-tube pyrolysis experiments

) . HA LT TR
FE i TR (m) 13 13
TOC(%) T,(°C) HI(mg/g TOC) 6 C(VPDB, %) &°C(VPDB, %)  H/C o/C s/C
A 46.1 5 443 560 -33.7 —-33.8 1.15 0.06 0.103
B 284.5 12 437 361 -29.7 -31.2 0.95 0.09 0.008
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FIRIXS s (2) C=0/C=C, 4170051600 cm™ M figig
TR FUAE; (3) A F(CH,/CH,+C=C), IIA B4
775 (4) CEF1700/(1700+1600) cm™, C=OWgIitlig
51500~1800 cm ™ WAL LD, 45 WO, REFAR)
CH,/C=CHIAN T35 }92.7235010.722, B Wi THRES
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SERARRT S TR B, S & TR T I C=0Efig
Gifs =

2.3 PEIRHAAPUT KSR ) — A A,
AT
231 BARBRFEY
R T 1K AR A it AV o i v A B B A R A Tl
(ESHATLIE , TOCH mHAR(S%) AL AR A i
A2 55 FTOCHE =1 (12%) AL i B. F i ATE340°C(Easy
%R,=0.74%) A BEF= i £)°8204.1 mg/g TOC, []—
TR AR B PE IR M 66.4 mg/g TOC(E3(a)). FEbh
AR R B 20°8499.2 mg/g TOC, ZFE 5B
K= (201.6 mg/g TOC)AY2.5/5(KI3(b)). BB 2
TH7 i B A S R, P T I ARRE A A
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Figure 2 FT-IR spectra of the Xiamaling kerogens used in gold-tube
pyrolysis experiments

FBl(Easy%R,=0.64%~1.26%) AR —F. RIELIRFS 2 1)
ST (M) T (3):

F =M, /M, %100, 3)

AR B P T B AR RE i 70 S TR T B B g A i
R, Ho, M JRERIE SRR R, AT L
B, RS ATE [RIFERE 25 00 A T A R B0 ) = TR
fhB, WN340°CHT, £ 5 AR IMEE (LR LN 81.6%, Ttk
MBI H65.1%(FS1).
232 AARBRFEY

RUE RS BRI A AR, Hi Kk B HERA
K(C,_5)"#(139.6 mL/g TOC)W & TH A
(103.8 mL/g TOC)(#S1), FWIPIMF: S B A il AFIE
FEER 2552 FEA AMTIMALRRAE, 1A S B I AR T
. B4R T AT AR AL S0l S 58 1 i vh A<
FEY) BT R BRI (AR L. Rl 4(a)n] A& B,
FE S AR IR R SARAE BUAT 73 AP AS EEE R B 320~
450°CHIME], C,.s/"%H2.28 mL/g TOCHR I fin =

2 THRARSEENTRA TRRER WFTIRIA S RN

Table 2 The fitted FT-IR results and the yields of pyrolyzed products for Xiamaling kerogens used in gold-tube pyrolysis experiments

FT-IR TR A SR AT
PR itk b co H,S H
— — — B8 B8 R H R EAVEEEA y) 2 2
CHy/C=C  C=0/c=C  AWT  CHT (mg/g TOC) (mL/g TOC) (mL/g TOC) (mL/g TOC) (mL/g TOC)
A 2.723 0.119 0.722 0.106 499.2 103.8 57.2 29.0 11.2
B 0.883 1.277 0.462 0.561 201.6 139.6 87.2 0.43 1.6

a) R IH-20AMEREFT-IRZ 8 CH,/C=C, (2800~3000/1600)cm™';

+2850+1600) cm™'; CPEHF, 1700/(1700+1600) cm™'

', C=0/C=C, (1700/1600)cm™"; APF, (2920+2850)/(2920
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Figure 3  Stage (a) and cumulative (b) yields of oil in step-by-step pyrolysis of Xiamaling kerogens
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Figure 4 Evolution of cumulative yields of various gas products with pyrolysis temperature in pyrolysis of Xiamaling kerogens: C,_s (a), C,_s (b),

CO, (c) and H,S (d)
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OMZ and euxinic sulfidic environments dominating
hydrocarbon generation poential of organic matter
1.4 billion years ago

Xiaomei Wang, Shuichang Zhang*, Kun He, Huajian Wang, Jingkui Mi, Jin Su & Yuntao Ye

Key Laboratory of Petroleum Geochemistry, Research Institute of Petroleum Exploration and Development, China National Petroleum Corporation,
Beijing 100083, China
* Corresponding author, E-mail: sczhang@petrochina.com.cn

The enrichment and hydrocarbon potential of Phanerozoic source rocks are mainly governed by primary productivity and
sedimentary environment. However, the control of extensive anoxic environment on the development of Proterozoic source
rocks induced from prokaryotes origin remains unclear. The Mesoproterozoic Xiamaling Formation (1400—1360 Ma) in
the Yanliao Basin, North China has a set of organic-rich source rocks or shales with a depth of ~250 m. Their chemical
environments of water body include oxygen minimum zone (OMZ), anoxic ferruginous (Fe%-rich) and euxinic sulfidic
(H,S-rich) depositional conditions. They cover almost all the characteristics of marine water environment so far recorded in
Mesoproterozoic. The source rocks are enriched in organic matter. Under its low thermal mature, these rocks preserve
abundant original biogenic or organic information, which eliminate the influence of loss or insufficiency of original
biogenic information caused by thermal alteration in many Archean and Proterozoic basins.

In this study, kerogens from two representative black shale samples developed in euxinic and OMZ environments were
separated and applied in gold-tube pyrolysis. To obtain the oil and gas potential from primary decomposition or cracking of
kerogens, a step-by-step non-isothermal pyrolysis method was conducted. It showed that the deposition and hydrocarbon
potential of organic-rich shale at 1.4 billion years ago were evidently dominated by marine environments. Despite the
relatively low TOC content (5%) for original shale, the organic matter (kerogen A) preserved in euxinic environment has
higher oil potential compared with that deposited in OMZ (kerogen B) (12% TOC for shale sample). The maximum
cumulative yield of oil from kerogen A is 499.2 mg/g TOC, which is about 2.5 times of that from kerogen B (201.6 mg/g
TOC). In contrast, the OMZ sample has higher potential for hydrocarbon gas generation. The maximum cumulative yields
of hydrocarbon gases from primary cracking of kerogen A and kerogen B are 103.8 and 139.6 mL/g TOC, respectively. As
more sulfur (S) was bonded into kerogen structure in euxinic sulfidic water condition, kerogen A generated much higher
yield of hydrogen sulfide (H,S) in the pyrolysis experiments. The maximum yield of H,S from kerogen A can reach
29.0 mL/g TOC, while that from kerogen B is only 0.43 mL/g TOC. These results indicate that euxinic condition is not only
conducive to the enrichment of organic matters, but also preserves the effective H-rich aliphatic structures in organic
matters for oil and gas generation. Although higher abundance of organic matters can be deposited under OMZ due to high
primary productivity, the effect of aerobic respiration leads to low hydrocarbon generation potential.

Mesoproterozoic ocean at 1.4 billion years ago is dominated by prokaryotic bacteria such as cyanobacteria in OMZ
environment, their abundance makes them an important source of sedimentary organic matters in geological settings,
promoting the generation of hydrocarbon gases. The emergence of eukaryotic algae results in the diversity of composition
of organic matters, also greatly promotes the oil generation potential. This study demonstrates that the dynamic evolution
of the Mesoproterozoic marine environment has an important impact on the composition of biological source, hydrocarbon
generation potential, and final products of sedimentary organic matters. It hence provides new insights for understanding
the mechanism for the development of source rocks and petroleum resource in Mesoproterozoic.

source rocks, prokaryotes, anoxic environments, oxygenated environments, hydrocarbon generation potential,
degradation
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