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Fig. 1 Locations of natural gas reservoirs in the Feixianguan Formation in the Tieshanpo area, Sichuan Basin (a) and single-well N3

composite column chart (b)
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Table 1  Statistical analysis of gypsum-salt layer and gas-water

layer well logging in the Feixianguan Formation in the

Tieshanpo area, Sichuan Basin
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Fig. 3 Results of 3D modeling for sedimentary microfacies and interpretation of gypsum-salt layer logging controlled by sedimentary

microfacies in the Feixianguan Formation in the Tieshanpo area, Sichuan Basin
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Fig. 4 Results of well-seismic integrated 3D modeling of the gypsum-salt layer in the Feixianguan Formation in the Tieshanpo area,

Sichuan Basin
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Table 2 Summary of 3D modeling results of the gypsum-salt layer in the Feixianguan Formation in the Tieshanpo area, Sichuan Basin
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Fig. 5 Results of 3D fusion modeling of gypsum-salt layer and gas-water layer distribution in the Feixianguan Formation in the

Tieshanpo area, Sichuan Basin

197



W B RAB 2005 G4k 2

FrRifEZE R 66.83,

FIFHE R Z 550K IZR G = 4u5A, 7377144 NE-
SW 5 NW-SE 2 N7 [, 43 BiHiIAE T 4 28, FE4
JEIR T RIS VAl A 2 RS2 1928 (8] 43 A e
TECE 6), AHER H, WF5E X N BB 3 2 M2 50 0
TCIe ) SR AR 1) L, ARSI R B AT RS
Jo s = 2 AR Y B T BT b T A R SR A Y R
SRR ZS B A RN AT, XA IR BA 52
B 5 PERE IR TC T LU o
32 BREESIEMREZE

AT 2R R R TR i AR

NW

-3100 a Nz#
-3200

& 33001

WgH/m

-3 400}

=3 500

=3 000 -
-3050

-3100 b~

R /m

-3150

—3200 F

A TP R AR, R T RS AR R
P, BN & T HRE R0 B s AR
WREEXTH 0 )2 5 K2 Z4ERERL 53 )7E NE-SW 5
NW-SE 2 5 a] it 4 Z 5 H A 23030, & Bk
3 AL DAL # 2 P e R B B s AU
fift sk B TR R AL 3 FEF AR

(1) #HEdakn RIHELZAEEIERN
TR i SR A R 2 N AR IR, R BEAT I A o
JZE R AR T SR L, TR )= A RAR R
A, Q1A 6a WRZEBE XK, 5] 6b F R TS 2 Y
EAERDKIER, ] 6d R HLZE B TR AR, T

NW SE

| b

HHhZ [z

-
KIZE I
— (]
lEES Wiz
SFHER (m)  HOL A

=

SUR( 2

a. BRI CAISCZNY a 28 = e I )5 b. BRI RANSCZR T b 2k =0 BT 145 ¢, ZR L QAN ¢ & =AU 141 s d. Bkl el

SRYLHT d L& =B R TR e. BRIl AN SCLL T HIAL 8 S 2k 4]

Bl DUl gk i “ANDCHLF ER)Z 5 UK IR = el fi o s R 15

Fig. 6 Section view of the 3D model of gypsum-salt layer and the gas-water layer distribution in the Feixianguan Fromation in the

Tieshanpo area, Sichuan Basin

198



HeF: Wl AR LI I REF R EEA Y AR i e

A EEAR IR ST i S0 AR, AREE T
RIRZMIREIEAR, RERSTE KSR B & 45 10
N2 H-, R 52050 0 RS SRR 8 8 R 2 i B 55, 3R
2 H PR A0 3033100 m (6 1) B 245
B ARt 2 BUE TOURSHB, TR b2 8
BT TR AR KRR SIS B0 1 B A2, I 30
TR TZEKZMED, WA 6a W24 2 HEH:
JZZ A XIS T)Z L 6d A R XK Z
PRI, b 4 SRR AR AR 2O [ e B < =k
TCATCr" 2 Ml RE, B T EHRE AR AR R
PERE bk

(2) Bepgde e RIONTE IR RN 2
WEET, B2 a8 5EHAENE M T35 LR
FEI, KA T IRAEZ 6B M B IR B RIS, H
TEIARBPERE RN FEGE 2, (1A RIR TR E
ZRIWIR, 200 B A4 SRR, WA 6a W24
T 2 HEHRZZ MM X, & 6c HZH R
R Z AR, & 6d 1 R BHZ R EE
ZIE X, B SRR Tz R A i
2, — R AR RRRAZRA SR,
1A N3 R NG I, h PIRRI T A BT REE S
B, T )RR, RE T IEREE T N2 HHE
BREEHZ, WEEENZRHREm, EEREE,
SRR 58.5 m, H =S A% 30.3x10° m’; N1 3

TR B HRZ, 2R B R ERIZEm, )2
KH, BHHEEEIA 137.6 m, =S 851k 39.2%
10 m’c SRUET N2 F (0250 B DU [ s A
TR A ELRETEE; 18] 7a, b JBR T A I S8
JRAFLEE R FABBIERE, I T, d BR T AH RS
HH = A LA R LiEB TR

(3) ARA L R HREILIZE 00 K5
R TPk, SRR 2 (8] 20 A5 A0 2R B R AR AR
£, LR, 18 A SO 2 24k, 1n1El 6d
AT AN 2 3 b 2 b BRI, SR A AR AR
B 24 T SR PR AR v R, R 23
PRy i 77, (AR A 7 Hh Y A B i R AR Y
e MERAE RE I 7 REA A (R 1),

ZE BTIR, IESE RN R )2 A5 W) 4 A i s R Y
P, AL T 8k L3 Al DG SOK Z A i 2 R
HE R, @RS SOKBHELS AR Y
HERHE A I, AU R TR A RAE 7 32
Y0 43 A, [ s i o e 220 1o 5 6 2 A2 A A 1 o
PR, MM B R 25 2% 53 A IX R AR S AR 24 i 24
TE AR T S B AL A 5 A

4 g 5INR

(DFER)Z 5 UKIZ I RS & MR = de i pidy

a fARAERYUIRA T, 417418 ~ 417424 m; b. 2R A B S A K EHIZ, 417343~ 417353 msc. ZRABESH = FHIZE, 416623 ~ 4166.29 m;
dHz=

IR B, 4163.34 ~4163.43 m

B7 gk L RALOCEL T R 5

i 2% B A OB (RoN2 JEh )

Fig. 7 Core image of the gypsum-salt mixture in the Feixianguan Formation in the Tieshanpo area, Sichuan Basin

199



WA P EAB 20254 Bt B2y

AL VX B 2 AR BT HAS A b i & 1,
AR 55 T R R DI A R BORE A% = 4R,
R R I AG FOE YR LRI RS A Y
B DR 1 1 K 2 = A B R 2 5K
K = YRl AR S AN AR R IR, A R TR
XFE R S AOK)Z A M AT R AR B i Rl G R AR,
PRIV ER 2P MR AR S, R o 20 R R
PR AR AR o

(2) ) 2 ~7 1 46 2 = 4R R A SUOK 2 = 4k
BEHL A7 e B0 D)1 2 ARkl 3 Rl T,
1T, T 3 > X Py i) 38 58 J2 A2 TR A 22 5+
AR, Hov AR 2w B 5 L 43 0 R 19.5%,
78.0% F1 100%, < JZ i BUE 35 L 1] 43 51 Sk 95.1%,
43.2% F1 23.3%; £ Wik X N 19 J5E )3 22 S L A K
Horp gy 30 )2 I8 BE AR fE 22 43 ik 212, 7.57 i 10.73,
SZEERRIEZE 3908 8.12, 28.42 Fil 66.83

GOMREE S 1B 82 5 SKZ R4S A A
= AEAFRL, SR D)1 g 1 AR AR AR L Al e 2
HA B A BRI A U Ak 3 26
i EAERL, B T 3 RS ARIER A B E R
il 25 0] S A B SR X3 A7 B, DA R R & R
SRESTRER, SAIA TSR F A LSO B T A
Il

PRAAE K AR

The authors declare that no competing interests exist.

S5 3k

[1] LIMP,CHENZH, YI S W, et al. Origin and accumulation mech-
anisms of deep Paleozoic oil and gas: A case study of the central
Tarim Basin, Western China[J]. Journal of Petroleum Science and
Engineering, 2022, 208: 109634.

21 MRz, A%, T, & FHRIRRENmRREL S B RUE.

AR ST [J]. PR, 2016, 21(2): 20-27.
HU S Y, SHIS Y, WANG T S, et al. Effect of gypsum-salt envir-
onment on hydrocarbon generation, reservoir-forming and hydro-
carbon accumulation in carbonate strata[J]. China Petroleum Ex-
ploration, 2016, 21(2): 20-27. (in Chinese with English abstract)

[31 ZHU Z, YIN H W, JIA D, et al. Impact of gypsolith on the preser-
vation and exploration prospect of shale gas in Sichuan Basin[J].
Natural Gas Geoscience, 2015, 26(8): 1472-1480.

[4] YANG L L, LI X W, ZHUO Q G, et al. Effects of gypsum-salt
rock on mineral transformations in a saline lacustrine basin: Signi-
ficance to reservoir development[J]. Journal of Petroleum Science
and Engineering, 2022, 211: 110240.

[5]1 EARTE, & WHE, B FHM. 5 A E Xl S R (1], KR
S HEREI, 2005, 16(3): 329-333.

WANG D X, ZENG J H, GONG X M. Impact of gypsolith on the

200

(6]

(7

(8]

[

[10]

(1]

[12]

[13]

[14]

formation of oil & gas reservoir[J]. Natural Gas Geoscience, 2005,
16(3): 329-333. (in Chinese with English abstract)

YANG H, BAO H P, MA Z R. Reservoir-forming by lateral sup-
ply of hydrocarbon: A new understanding of the formation of Or-
dovician gas reservoirs under gypsolyte in the Ordos Basin[J]. Nat-
ural Gas Industry B, 2014, 1(1): 24-31.

b, WA, Ghb, AR )] PG b XA 22— R A S 2
R TSRS RN (7). FPAMREDE, 2022, 27(12): 40-49.
WANG K, WANG M L, LIANG K, et al. Development character-
istics and reservoir properties of reef and oolitic shoal of Changx-
ing and Feixianguan Formation, Poxi area, Sichuan Basin[J]. Sino-
Global Energy, 2022, 27(12): 40-49. (in Chinese with English ab-
stract)

HE Z L, JIN Z J, LI S J, et al. Prototypes, modifications, and hy-
drocarbon enrichment variations in basins influenced by Tethyan
evolution: A comparative analysis of the Persian Gulf Basin and
the Sichuan Basin[J]. Science China Earth Sciences, 2023, 66(12):
2871-2897.

ZHANG X, ZHU H H, LEI B J, et al. Sedimentary and diagenetic
facies of tidal flat in epeiric sea and its related descriptive method:
A case of Ma51-4 submember in Jingbian gas field of Ordos Basin,
China[J]. Petroleum, 2021, 7(2): 123-134.

TN, L5, ARG, 55, SRR L A FE B R - P R KSR
RS FIHRIX (7], KR T, 2024, 44(8): 44-57.

YU Z, FAN L Y, REN J F, et al. Natural gas accumulation models
and favorable exploration areas of the Cambrian-Ordovician in the
Ordos Basin[J]. Natural Gas Industry, 2024, 44(8): 44-57. (in
Chinese with English abstract)

VR, BRACE, TR0, 55, PO f i AR 4 FE R 2L R Il AR
GRS [J]. HRIBIT, 2024, 70(3): 1061-1070.

FENG X K, CHEN Y Z, ZANG D G, et al. Study on the structural
inheritance of Dengying Formation in Sichuan Basin[J]. Geologic-
al Review, 2024, 70(3): 1061-1070. (in Chinese with English ab-
stract)

kL%, IRER, EEEA, 55 U4 — & =8 REEMERRR
R (M. JE5T: A ol i, 2010.

DU J H, XU C C, WANG Z C, et al. Natural gas exploration of
Permian-Triassic reef & oolite in Sichuan Basin[M]. Beijing: Petro-
leum Industry Press, 2010. (in Chinese)

W, Xl €, BREISE, 5. )| A i =B D AUA AR
P A AR ARRFAE (], R AR M BR R, 2021, 32(6):
781-793.

YANG W, LIU M C, WEI G Q, et al. Sedimentary characteristics
and sequence lithofacies paleogeography of the semi-closed car-
bonate platform of the Leikoupo Formation in Sichuan Basin[J].
Natural Gas Geoscience, 2021, 32(6): 781-793. (in Chinese with
English abstract)

28, e, WA, 55 NG R R B R BEAT G
PAY b DX R SR B 2 S5 T R R 4B (7], A 9 5 R AR R e,
2023, 44(1): 34-45.

LIJ, YANG C L, XIE W R, et al. Differences of natural gas accu-
mulation and play fairways in the marginal zone and interior of

Sinian Platform in Anyue gas field, Sichuan Basin[J]. Oil & Gas


https://doi.org/10.1016/j.petrol.2021.109634
https://doi.org/10.1016/j.petrol.2021.109634
https://doi.org/10.1016/j.petrol.2022.110240
https://doi.org/10.1016/j.petrol.2022.110240
https://doi.org/10.1016/j.ngib.2014.10.003
https://doi.org/10.1016/j.ngib.2014.10.003
https://doi.org/10.1007/s11430-023-1207-x
https://doi.org/10.1016/j.petlm.2020.06.002

BAF:

)l sk LIE kAR A F B B AR R = gk A

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Geology, 2023, 44(1): 34-45. (in Chinese with English abstract)
LIU S G, ZHANG Z J, HUANG W M, et al. Formation and de-
struction processes of Upper Sinian oil-gas pools in the Dingshan-
Lintanchang structural belt, southeast Sichuan Basin, China[J]. Pet-
roleum Science, 2010, 7(3): 289-301.

R, 2RI, X SCIE, 45 B A2 o A BOUE AR A5
Wi ROV S (] it UL, 2022, 29(5): 113-118.

MENG Q Q, LIJ Z, LIU W H, et al. Simulation study on the effect
of gypsum-salt content on hydrocarbon generation in mature stage
shale[J]. Special Oil & Gas Reservoirs, 2022, 29(5): 113-118. (in
Chinese with English abstract)

AP, T, AR, AR MR IE SRR AR A A U T Y
N7 FH [3]. H R LR, 2023, 35(2): 67-72.

LI G C, WANG X Y, LI P, et al. Applications of seismic forward
modeling technology for identifying of gypsum-salt rocks[J]. Coal
Geology of China, 2023, 35(2): 67-72. (in Chinese with English
abstract)

HRAEL, X SCIE, ZRHAA, 45 WA LA 2 R IR U Y iU AR AR
FIER [9]. AR LT, 2019, 24(3): 1-7.

ZHAO H, LIU W H, L1 Y J, et al. A preliminary study on hydro-
carbon generation and evaluation of marine gypsum/salt-bearing
source rocks[J]. Marine Origin Petroleum Geology, 2019, 24(3): 1-
7. (in Chinese with English abstract)

RFE, TG, AR, 45 I O dUB R E i B =
oM [7]. PR, 2014, 41(1): 122-134.

ZHU T, WANG X Z, SHEN Z M, et al. The origin of gypsum-salt
rock of Leikoupo Formation and its influence on the gas reservoir
in central Sichuan Basin[J]. Geology in China, 2014, 41(1): 122-
134. (in Chinese with English abstract)

WRLAE, 1 1 PR, 200k . iR 4 B St 3 A (M), Jb st
A Toll AL, 2018,

OU C H, FENG G Q, LI B. Geological modeling of oil and gas
reservoir development[M].
2018. (in Chinese)

Wi, ZEat. T K BRI R A R R M RAE R 7S B B
) CN104183018B[P]. 2017-06-23.

OU CH, LI CC. A six-stage modeling method for gas-water distri-

Beijing: Petroleum Industry Press,

bution characterization of carbonate gas reservoirs with water:
CN104183018B[P]. 2017-06-23. (in Chinese)

WRAE, ZEEal. F T 2 200 A SR BT A JERAE R S B
HAEJr7k: CN104156617B[P]. 2017-06-23.

OU CH, LI C C. A six-stage modeling method for gas quality clas-
sification and characterization of multi-layer sandstone gas reser-
voirs: CN104156617B [P]. 2017-06-23. (in Chinese)

TLE T, R, VEREAL, 55, DU A AR X FE I R b A
JEE I 5 e 0 B H A B R X [J]. RIRAR L, 2022, 42(5):
34-46.

JIANG Q C, L1J Z, WANG Z C, et al. Quantitative thickness pre-
diction of Cambrian gypsum-salt rocks in eastern Sichuan Basin
and its petroleum significance[J]. Natural Gas Industry, 2022,
42(5): 34-46. (in Chinese with English abstract)

LT, 15752, AR AR, A5 R L B A St BB 5 3k (7). #
SRR ], 2023, 42(6): 257-265.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

HUA W H,SUZY,ZHU Y H, et al. Large-range geological block
modeling method[J]. Bulletin of Geological Science and Techno-
logy, 2023, 42(6): 257-265. (in Chinese with English abstract)
TEIREH, A2, 3T, 55 JIZRIEESEHIX R =858 AIRdL s
T BT RE S (0], HUBTRHEGE R, 2022, 41(5): 386-394.
LIANG X Y, FU D K, ZHANG N, et al. Geological significance of
karst section of Lower Triassic Feixianguan Formation in Puguang
area, Northeast Sichuan[J]. Bulletin of Geological Science and
Technology, 2022, 41(5): 386-394. (in Chinese with English ab-
stract)

ZRBH, AR, ki, S5 BT IS T 1 2 28U 2 T
PUHAL L3 XCR =858 CANSCLLREMERR 2 A0 [J]. H SRR
#z, 2023, 42(5): 285-292.

LIY,DAIZY, ZHANG J W, et al. Multiparameter reservoir eval-
uation method based on unsupervised learning: A case study of the
reef beach reservoir of the Lower Triassic Feixianguan Formation
in the Pubaoshan area[J]. Bulletin of Geological Science and Tech-
nology, 2023, 42(5): 285-292. (in Chinese with English abstract)
HE Y L, FU X Y, LIU B, et al. Control of oolitic beaches sedi-
mentation and diagenesis on the reservoirs in Feixianguan Forma-
tion, northeastern Sichuan Basin[J]. Petroleum Exploration and De-
velopment, 2012, 39(4): 466-475.

ZEPH, EXGK, WHAOTF, S5 0 LA AR =& R
AN EICRRAE [1]. AP U, 2022, 34(2): 116-130.
LI Y, WANG X Z, PU B Y, et al. Sedimentary characteristics of
oolitic beach of Triassic Feixianguan Formation in eastern Kaijiang-
Liangping trough, Sichuan Basin[J]. Lithologic Reservoirs, 2022,
34(2): 116-130. (in Chinese with English abstract)
FETEIE, B . VU1 b 5 B VL2 5 DU B
R R ). e UL 2017, 24(2): 80-85.
TANG D H, DUAN J B. Distribution and reservoir significance of

B th A A

gypsum salt rocks in Jia-4-Jia-5 interval of Jialingjiang Formation
in the Sichuan Basin[J]. Special Oil & Gas Reservoirs, 2017, 24(2):
80-85. (in Chinese with English abstract)
ZHANG X L, GAO Z Q, MASELLI V, et al. Tectono-sedimentary
characteristics and controlling factors of the Lower-Middle Cam-
brian gypsum-salt rocks in the Tarim Basin, Northwest China[J].
Marine and Petroleum Geology, 2023, 151: 106189.
ZHENG Z Y, ZUO Y H, WEN H G, et al. Natural gas characterist-
ics and gas-source comparisons of the Lower Triassic Feixianguan
Formation, Eastern Sichuan Basin, China[J]. Petroleum Science,
2023,20(3): 1458-1470.
/N7, XU, ZER 4, 45, b REARZR A it h I I Y K
TR R A HE R R W T U (0], b B A B 4L 2017,
36(4): 183-192.
WU X L, LIU H L, LI R X, et al. Progress in researches of devel-
opmental rule and the hydrocarbon generation and expulsion char-
acteristics of hydrocarbon source rocks in terrestrial evaporite
basins of China[J]. Geological Science and Technology Informa-
tion, 2017, 36(4): 183-192. (in Chinese with English abstract)
T/NZE, Tl e, G I 11T X 2 i e s FE AR K
FemAEdE 0] A, 2018, 39(1): 9-15.
WANG X J, WANG T T, CAO J. Basic characteristics and highly
201


https://doi.org/10.1007/s12182-010-0071-3
https://doi.org/10.1007/s12182-010-0071-3
https://doi.org/10.1016/S1876-3804(12)60063-9
https://doi.org/10.1016/S1876-3804(12)60063-9
https://doi.org/10.1016/S1876-3804(12)60063-9
https://doi.org/10.1016/j.marpetgeo.2023.106189
https://doi.org/10.1016/j.petsci.2023.02.005

W P B AR

20254F 5443 2

[34]

[35]

[36]

(371

[38]

efficient hydrocarbon generation of alkaline-lacustrine source rocks
in Fengcheng Formation of Mahu Sag[J]. Xinjiang Petroleum Geo-
logy, 2018, 39(1): 9-15. (in Chinese with English abstract)

OU C H, WANG X L, LI C C, et al. Three-dimensional modelling
of a multi-layer sandstone reservoir: The Sebei gas field, China[J].
Acta Geologica Sinica, 2016, 90(1): 209-221.

OU CH, LI C C, MA Z G. 3D modeling of gas/water distribution
in water-bearing carbonate gas reservoirs: The Longwangmiao gas
field, China[J]. Journal of Geophysics and Engineering, 2016,
13(5): 745-757.

ZHOU F D, YAO G Q, TYSON S. Impact of geological modeling
processes on spatial coalbed methane resource estimation[J]. Inter-
national Journal of Coal Geology, 2015, 146: 14-27.

DING SF,SUCY, YU J Z. An optimizing BP neural network al-
gorithm based on genetic algorithm[J]. Artificial Intelligence Re-
view, 2011, 36(2): 153-162.

WYL, Feo, T—I, % T IR 22 RO 255 A o re K dis
WrIZRUTT i [9]. A R BLER, 2021, 56(1): 1-8.

CHANG D K, YONG X S, WANG Y H, et al. Seismic fault inter-

pretation based on deep convolutional neural networks[J]. Oil Geo-

202

[39]

[40]

[41]

physical Prospecting, 2021, 56(1): 1-8. (in Chinese with English
abstract)

N8, ARIGHE, SRR NN A 2 000 4 B0 1) 1 R T A
LRSI [J]. AT b ERYIRIAR, 2021, 56(5): 979-991.

WANG Y M, SONG X H, ZHANG X Q. Research on nonlinear in-
version of seismic surface waves based on artificial neural network
algorithm[J]. Oil Geophysical Prospecting, 2021, 56(5): 979-991.
(in Chinese with English abstract)

W3, BUKEE. b B 2 00 R [J]. A SE g
Jii, 2011, 33(1): 100-104.

FENG Q, WEI S J. Well logging identification of gypsum cap
rocks in Middle-Upper Yangtze region[J]. Petroleum Geology &
Experiment, 2011, 33(1): 100-104. (in Chinese with English ab-

stract)
AR, BRAF, DR, 5. 3 R Z h FEg  5h 5 0 A I

EAPEREAT [J]. AR, 2023, 28(5): 54-67.

XU Z P, CHEN S P, LUO C M, et al. Distribution and sealing ca-
pacity evaluation of gypsum-salt rocks in the Middle Cambrian in
Tarim Basin[J]. China Petroleum Exploration, 2023, 28(5): 54-
67.(in Chinese with English abstract)


https://doi.org/10.1111/1755-6724.12652
https://doi.org/10.1088/1742-2132/13/5/745
https://doi.org/10.1016/j.coal.2015.04.010
https://doi.org/10.1016/j.coal.2015.04.010
https://doi.org/10.1007/s10462-011-9208-z
https://doi.org/10.1007/s10462-011-9208-z
https://doi.org/10.1007/s10462-011-9208-z

HAE: vl BRALI AR AT A A R = R

Summary for “PUJI MR LI QAN T 6 2 S AR Btk — 4R

Three-dimensional characterization of natural gas heterogeneity controlled
by gypsum-salt layer in the Feixianguan Formation in the
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Abstract: [Objective] Natural gas heterogeneity controlled by gypsum-salt layers is a significant model for
enrichment and accumulation. While previous studies have primarily focused on experimental testing and qualitative
descriptions, they have lacked three-dimensional characterization of the gypsum-salt layers distribution. This study
proposes a novel three-dimensional modeling technique that integrates well-seismic data with sedimentary
microfacies control in both the gypsum-salt layer and the gas-water layer. [Methods] The proposed technique
encompasses five key technical aspects: (1) logging interpretation and 3D modeling of the gypsum-salt layer
controlled by sedimentary microfacies, (2) seismic genetic inversion-based 3D modeling of the gypsum-salt layer
guided by sedimentary microfacies, (3) well-seismically integrated 3D modeling of the gypsum-salt layer, (4) 3D
modeling of gas-water distribution influenced by sedimentary microfacies, and (5) fusion-based 3D modeling of
both the gypsum-salt and gas-water layers. [Results] This method was applied to assess the influence of the gypsum-
salt layer within the Feixianguan Formation in the Tieshanpo gas field of the Sichuan Basin on gas accumulation
characteristics. Accurate 3D geological models were constructed that integrate well-seismic data with sedimentary
microfacies control for both the gypsum-salt and gas-water layers. The results indicated that, except for some
localized areas, a continuous distribution was observed across most regions of the Feixianguan Formation in the
Tieshanpo area. Additionally, the formation exhibited multilayered characteristics with significant longitudinal
thickness heterogeneity. Three distinct models were developed to illustrate the effects of gas capping, reduced gas
storage capacity, and complex reservoir conditions resulting from the heterogeneous influence of the gypsum-salt
layer. [Conclusion] These findings provide essential geological insights that can inform the development of
effective strategies targeting natural gas reserves at non-equilibrium scales.

Key words: natural gas heterogeneity controlled by gypsum-salt layer; well-seismic combination; microfacies-
controlled geologic modeling; Feixianguan Formation in the Tieshanpo area; three-dimensional characterization;

Sichuan Basin
Received: 2023-10-09; Revised: 2024-03-22; Accepted: 2024-03-28

doi: 10.19509/j.cnki.dzkq.tb20230558

203


mailto:pengxian@petrochina.com.cn
mailto:chomm@163.com
https://doi.org/10.19509/j.cnki.dzkq.tb20230558

	1 四川盆地铁山坡飞仙关组天然气藏膏盐层分布的典型特点
	2 四川盆地铁山坡飞仙关组膏盐层与气水层井震结合相控三维建模
	2.1 膏盐层测井解释及相控三维建模
	2.2 膏盐层地震遗传反演三维建模
	2.3 膏盐层井震结合三维建模
	2.4 膏盐层与气水层融合三维建模

	3 四川盆地铁山坡飞仙关组膏盐层及其控气非均质性的表征与刻画
	3.1 膏盐层与气水层的非均质分布表征
	3.2 膏盐层控气非均质性刻画

	4 结论与认识
	参考文献

