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Abstract The exploration results show that the Dengying Formation on the North Slope of the Central Sichuan paleo-uplift has
a good exploration potential, and it is an essential area for a natural gas reserve replacement strategy in the Sichuan Basin. The
natural gas in the north slope of the central Sichuan Paleo-uplift is dry natural gas, mainly composed of CH,. There are obvious
differences in the carbon isotopes of C,Hg, the concentration of CO, and the carbon isotopes of CO, in the natural gas in the
Dengying Formation of the north slope area. The analysis of the controlling factors leading to the differences in natural gas is of
great significance to study the accumulation and evolution process of natural gas in the Dengying Formation. Based on gas com-
ponent analysis and carbon isotope analysis of the different components in the Dengying Formation natural gas from two typical
exploration wells in the north slope area, namely the Pengtan-1 and Zhongjiang-2 wells, we combined drill core description,
microscopic observation of the thin sections, carbon isotope analysis and the microstructure of the reservoir solid bitumen in the
Dengying Formation to analyze the causes for the difference in natural gas of the Dengying Formation in the north slope area of
the central Sichuan Paleo-uplift. Influenced by thermochemical reduction of sulfate (TSR), there is a high content of H,S in the
natural gas of the Dengying Formation in the north slope area. The carbon isotopes of reservoir solid bitumen are lighter than
that of the source rock, and the C,Hg. The formation of the reservoir solid bitumen of the Dengying Formation was controlled
by hydrothermal fluid activities. Hydrothermal mineral assemblages, such as pyrite, sphalerite, and galena, are developed in the
Dengying Formation reservoir. Medium-coarse mosaic and fibrous structures are developed in the solid bitumen filling in the
reservoir of the Dengying Formation, indicating hydrothermal fluid activities in the reservoir. Hydrothermal fluid provided an
abundant sulfur source for TSR. The intensity of hydrothermal fluid activities controlled the intensity of the TSR reaction. A
relatively strong TSR reaction leads to an increase in the concentration of CO,, carbon isotopes of C,Hys and CO, of the natural

gas. The difference of TSR intensity in the reservoir is the cause of the difference in natural gas from different regions.
Keywords natural gas; reservoir bitumen; hydrothermal activity; TSR; north slope of middle Sichuan Paleo-uplift
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Ny BRI RPN R XK T A2 R IR R0E S e P R 347

DAL AR BT ERD, I Tl e RS s i hs; TR R B RE T RS SERE

GG, T4 T R A R0 P R LA

PR LU L X BT FUUR AR B =l 2 fE24HIE

A, ZINTG e L3 M E B, R TE

FRIR A AR B A8 s 2527, AR X AT S22 — 2 6 i AR DURR R B R
CEARVUBAT, AN RRBE IS, KR AR, AEERY, TER | R 2 FHT

FHHAR, ERER, BESHPLOCHBELZORTE  AFENMEASIESESE . BRREE, s

105, JUAME M X R 1 FRIRVT 2 SRR B T DO A 3 BRSO BOAFL (T 2e~i). AR

MR, TSRS PEERFME RS (A KR, TR RS, WO

Do KWITHAETE R - EAMMTTRMIRER S, 2T (E 2. 26 LW AR, wLmEd, ¥

R KA WA A bR K A AR 1 om( 8] 2¢). VTR 4R B SR

(@)EH 1 H, 574495 m, TR, BWEOT=E, AERERCHSTRBAECHHEY ; (b)ER1FH, 5744.95 m, KTER,
BUBASS, aBPAeRRERK, FEFTERKEHTET REEBCREKY , (C)EFR1HF, 574495 m, TR, B
BOzE, R#FAIERS. ARV RASY, (d)ZEF1, 5773.18 m, EMEBAOTE, cADTAEELIENRK, BAENBEIN
N REBKE Y E, (e)ER1, 577318 m, EWEBBETS, B, BEE, P I2H, 655590 m, BE=E, A
LEE: (QEHR1H, 572944 m, T, BB8=E, KEALLE, FHRESN—+TEO=H, GHREITERE, (hE
W14, 572944 m, [TZER, BATE, BALE, MHERABZERISRE,; ()T/I2H, 6553.56 m, T2, ¥Ax
&, BIAkE, MMEROARFTSRE, ()EF 13, 579026 m, T, k&L, B MGHEEDTHREST K,
SEERE, (KZEFR1H+, 57814 m, TR, REE, BEE5E, BEESMBRRERT R, @FEERX, ()EHR1H#,
5778.57 m, [TZE&, RV, BILIIAREHY TIE, ERERK

B2 EF1FNRI2HAEREREMBER

Fig.2 Observation of the thin section of drilling core in pengtan—1 well and Zhongjiang—2 well
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Fig. 3 Isotopic distribution of natural gas in Dengying
Formation of central Sichuan and northern slope area
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Table 1 Composition and isotopic characteristics of natural gas from Pengtan—1 well and Zhongjiang-2 well

(According to Exploration and Development Research Institute of PetroChina Southwest Oil and gas field company)

R e e O STl T Caie 8" Coufe 5"Coo i
2020—-05—13  94.94 0.08 0.13 2.32 2.46 -33.94 2924 -0.16

I 2020-05-14  94.81 0.08 0.51 2.24 2.30 -33.95  -29.19 -0.98
2020—-05—15 94.6 0.07 0.78 2.20 2.33 -33.92 2931 -0.14
2020-05-16  94.73 0.07 0.73 2.10 232 -33.90  -29.20 —0.63

T2 A= 6804~6806, 2020—-09—02 82.59 0.02 0.88 11.04 539 -34.67  —-33.23 —-19.38
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Fig. 4 Bitumen filling characteristics and coke structure of reservoir solid bitumen in Pengtan 1 well and Zhongjiang 2 well in

north slope area of the middle Sichuan Paleo-uplift
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