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Discovery of Transition-Metal (N1, Co)
Catalyzed Fischer—Tropsch Synthesis and
013C1—0"Cco, Carbon Isotope Exchange in a
Coal-Measure Sedimentary Sequence

Lei Cao!, Yiming Jiang?, Hong Zhao?, Hui Li*, Jun Wang?, Jingzhou
Zhao'
1.School of Earth Sciences and Engineering, Xi'an Petroleum University, Xi'an
710065, Shaanxi, China;
2.Shanghai Branch of CNOOC (China) Co., Ltd., Shanghai 200335, China;
3.Exploration Department of Changqing Oilfield Branch of China Petroleum
Corporation, Xi'an 710000, China

i#% % :The Fischer-Tropsch synthesis (FTS) reaction has hitherto been reported only
under laboratory conditions, in active hydrothermal systems and in altered bedrock;
an unambiguous occurrence in sedimentary strata remains undocumented. Here we
identify, for the first time, in situ FTS coupled with 6*Ci—6"*Cco. carbon isotope
exchange within coal-measure source rocks of the Pinghu Slope Belt, Xihu Sag, East
China Sea Shelf Basin, providing new constraints on the long-debated origin of
natural gas in this area. Gas composition and stable carbon isotope analyses of the
Pinghu and Baoshi Formations reveal 3 trends: (A) concurrent *C enrichment of
methane and COz; (B) lighter 6'*C: coupled with anomalously heavier 6'*Cco.; and (C)
heavier or unchanged 6'*C: with lighter 6'*Cco. including anomalously heavy (>—8 %o)
and light (<=30 %o) 8"*Cco. values, none of which a purely thermogenic origin can
explain. Integrated analysis of gas isotopes and compositions, source rock major and
trace elements, formation water and heavy minerals indicates that the gas system
consists of thermogenic gas admixed with inorganic contributions from Ni-catalyzed

FTS, 8"Ci—0"Cco. carbon isotope exchange, hematite oxidation and thermochemical

JB{E1E# : Jingzhou Zhao, School of Earth Sciences and Engineering, Xi’an Petroleum University,

Xi’an 710065, Shaanxi, China. E-mail: jzzhao@xsyu.edu.cn.
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sulfate reduction (TSR). Intermediate—mafic provenance supplied anomalously high
transition metal abundances to the source rocks (Ni: 1.8 ppm—150.0 ppm, mean 41.9
ppm; Co: 1.0 ppm—45.1 ppm, mean 15.5 ppm. etc); coexisting with CO. and H:
released during thermal evolution, these metals enabled in situ Ni-catalyzed FTS and
d1Ci—8"Cco, carbon isotope exchange. Trend A records maturation-driven pyrolysis;
trend B reflects FTS coupled with 8"Ci—6"3Cco. exchange; trend C is governed by a
depth-controlled hematite maximum (Fe20s: 0.1 %-96.4 %, mean 11.4 %) near 4000
m, where hematite oxidation and TSR drive the opposing isotope anomalies. In the
condensate gas reservoirs, the Tol/nC- ratio is jointly controlled by thermal maturity,
organic matter type and evaporative fractionation, whereas evaporative fractionation

does not measurably alter gas 5'*C values.
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Study on the Accumulation Law of Tight Oil in Nantun
Formation of Beier Depression in Hailar Basin
Chen Hao, Zhang Haiqiao,Wang Hongwei
Dagqing Oilfield Exploration and Development Research Institute,
Daqging 163712,China

Abstract: In recent years, significant potential oil and gas resource has been
explorated in tight oil within the Bairin Depression of the Hailar basin. To clarify the
distribution patterns and characteristics of these tight oils, a systematic study was
conducted by integrating geological, geochemical, test oil, drilling, logging, and
analytical testing data with sedimentology. The results indicate that tight oil is

primarily distributed on the planar scale in the central and slope areas of the

BEER MR, 55, 1982.11.04, 5, Wik, @B LRNN, FIRKEFIZES, BRITLAK
PRk X R 6% 9 5. E-mail: chenhaoO1@petrochina.com.cn
5



%L B R AR ARSI 5322026

depression. Vertically, it is mainly found within the 2,500-3,000-meter depth range of
the Nantun Formation. The Nantun Formation in the study area features high-quality
source rocks, providing an excellent material foundation for tight oil formation. The
tight oil reservoirs are primarily composed of fan-delta deposits, with stable and
extensive sand body distribution on the planar scale and good continuity. The
lithology of the tight oil reservoirs mainly consists of fine sandstone, siltstone, and
argillaceous siltstone, with minor sand conglomerate. The reservoir properties are
relatively poor, with secondary dissolution pores being the dominant storage space,
while local fractures are moderately developed. The pore structure mainly includes
intergranular pores, intergranular dissolution pores, and microfractures. Based on the
characteristics of mercury injection curves and core analysis data, the reservoir was
classified into two types of tight formations; The fan-delta reservoir rocks are in direct
contact with source rocks, resulting in favorable source-reservoir configuration. These
findings provide valuable guidance for tight oil exploration in the study area.
Key words: Hailar Basin; Bell Depression; Tight oil; unconventional oil and gas
R
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Research on the Restoration and Reservoir Formation of the Prototype Basin in the

Huhehu Depression
Chen Hao, Chen Hongping
Dagqing Oilfield Exploration and Development Research Institute,
Daqing 163712,China

Abstract: The Huhu Depression is a crucial reserve replacement area on the periphery
of the Hailar Basin, with significant exploration potential. Historically, exploration
efforts have primarily focused on oil, yielding limited results. This study employs a
restored prototype basin approach, analyzing hydrocarbon accumulation conditions to
further clarify that future exploration in the lower section should prioritize gas. It
identifies the steep slope zone in the eastern Huhu Depression as a favorable target for
gas reservoirs, providing a clear direction for lower-section exploration.
Key words: Hailar Basin; Hu Hehu Depression; The Principle of Accumulation; Gas

reservoir

TEE BN, 5, 1982.11.04, 5, Wik, TN, WRKZFHZEY:, BEILEK
PRk X R 6% 9 5 . E-mail: chenhaoO1@petrochina.com.cn
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Abstract: Gas storage injection and production operations feature high-speed
reciprocating and large-volume throughput. Evaluating their operational effectiveness
is crucial for assessing storage capacity and production potential, formulating
injection-production plans and adjustment strategies, and improving gas storage
management. Addressing the current scarcity of evaluation methods for gas storage
injection-production effectiveness, this study selected indicators such as capacity
utilization rate, production attainment rate, and inventory utilization rate to establish a
three-tiered evaluation system for injection-production effectiveness. Using fuzzy
mathematics and grey comprehensive evaluation methods, it analyzed the influence
weights of key indicators on injection-production effectiveness, calculated
hierarchical indicator values, and ultimately derived evaluation results based on the
injection-production effectiveness classification table. Practical cases demonstrate that
this method can systematically and quantitatively evaluate the injection-production

effectiveness of gas storage facilities from three aspects—planned completion

YE& 8. $2HE, E-mail: 578733619@qq.com
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outcomes, operational execution results, and geological formation safety—while
categorizing performance levels. Verified against actual injection-production
operations, the evaluation results are comprehensive and accurate, accounting for
bidirectional injection-production dynamics. This approach reduces subjective and
arbitrary biases in assessments and facilitates horizontal comparisons among different
gas storage facilities, thereby guiding future production allocation and operational
adjustments..

Key words: gas storage; injection and production effectiveness; evaluation indicators;
AHP
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