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Abstract; Multiple drillings in the Chongxi area of the central Sichuan Basin have revealed good oil and
gas indications in the marlstone reservoir of the Lei3* sub-member. There are widely developed layers
of salt rocks on top of the marlstone in the Lei3* sub-member,and the impedance of the salt rock and
marlstone reservoirs are similar. Indeed, reservoir predictions are difficult to make using conventional
methods due to the strong wave peak shielding effect of the salt rock. To predict the lateral and
vertical distribution of the marlstone reservoir accurately, we first used synthetic logging data to
calibrate and clarify the geophysical response characteristics of the marlstone reservoir. Then, we
conducted a physical analysis of the rock’s lithology and the reservoir, selected sensitive parameters
that can identify the salt rock and marlstone reservoir,used a seismic waveform indication simulation
to predict the distribution of the salt rock, and finally used waveform inversion to predict the
distribution of the marlstone reservoir. The results showed that the salt layer at the top of the Lei3?
sub-member corresponded to strong peak reflection, and the bottom boundary of the reservoir
corresponded to weak peak reflection. There was a significant overlap of impedances between the
reservoir and the salt layer, however, the density of the salt layer differed significantly from that of
other lithologies. After removing the influence of the salt layer, the impedances could be used to
distinguish between reservoirs and non-reservoirs. Therefore, after using the waveform indication
simulation to identify the salt layer,the seismic waveform indication inversion could effectively identify
reservoirs. The reservoir in the Chongxi area is extensively developed,with a thickness of 30~60 m,
containing 16 developed lithological traps,and covers a total area of 124 km®, which is a realistic area
for searching for new limestone reservoirs.

Key words: central Sichuan Basin; Lei3® sub-member; salt rock; marlstone reservoir; waveform

indication inversion; waveform indication modeling
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Fig. 1

Sedimentary facies map and stratum thickness map of the Lei3” sub-member in the central Sichuan Basin



.« 250 - A E TR R CH AR O

%51 %

FBLH = WEBHR AN EEONE = WS
YR K A FHOR TR A i A A TR DL oK —
K2 ML A BT FL RGeSl L %2 Y 12 3
R AR R R A i LR L AL S A
WS R R MR, B AT E LR
FE A, Ak e S B 2 B B, sk R
HIH)ZB B R B R, T
JI b X 22 VR 5 0 R JE R S i P 2 BT, R
=P BRI AR AL 200 ~8. 51,
LB 1. 7426, 835 % 2 (0. 007 6~ 1. 68) X
107% pm’ , SRR I AL ARB I HRRE .

wE 2 o CTL R =2 W B M 2 &4 R
K ,CT1 8 = W B 2 R 308 m, M JF:
RV K A 2R 55.5 mL K2 A EE N

JR BRI S R IR A PR e e R 8
TUE i 2 BRI R B 3 AR | e 7
R 2 1 B AL L 10 A SR A R
e FELREL AR 5 O 4R AE . FE P M IXFR = TR A
I B B Y £ A AT LAJE B R A B TOURE A 4% 1 B
= B KA — B R TR R A R U
PR = WL BLRE B8 T LR Ak — A 28 e B o
U8 I A AR H LA, HERER R 2 I rp e X R
H3H N — L H A A HX, $3 &=
Bl Ik i 2 A M X B . R Bk = AT F
FRR TS NI AR SCF Z R0 8 =7 B
it J2% U 1) LT i R e T 5%, 4R )1 b X R
=B B A B S B PR XL R CT1 )

DEN/
(geem’)| RT/

DURS
~
=

GR/API

i)
NGRS

0 100

3400 -
3420 +
3440 -+
3460
3480 A
3500 -
3520 A
3540
3560
3580 A
3600 o
2| 3620 A
3640 A
3660 A
3680 A
3700 A
3720 A
3740
3760 A
3780 A
3800 A
3820 A
3840 A
3860 A
3880 A

IE

HR:0

MEM

Hi=S
10.87X
10'm’,
H 7= il
47.04m’

L

FWE K
WEHmL

i
inl2
Ti
B
ofF
iy
i

B2 CTI HE= TEHBESZSHERE

Fig.2 Comprehensive stratigraphic histogram of the Lei3* sub-member of Well CT1
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Fig.3 Calibration of synthetic records of the Lei3” sub-member from Well CT1
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Fig. 4 Geological model and forward modelling result of the marlstone reservoir of the Lei3* sub-member
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Fig.7 3D salt thickness map of the Lei3” sub-member in the Chong-xi area from seismic inversion

0 2 km

®
CT14
it J2 2 B/ m
60
o] e
I iz 2
20

M8 AEZ4E= TRGE KRR

Fig.8 3D reservoir thickness map of the Lei3’ sub-member in the Chong-xi area from seismic inversion

CT13

A,

—oooo
cwa ki

BIRA

9 RAZHKEZ TRMAHETEEE

Fig.9 3D coherence attribute map of the top boundary of the Lei3* sub-member in the Chong-xi area

PO ER A R 40~70 m, 5 K ISTURUAR A AH 1)
Bo A8 S FE T = 4k X 8 R BT T A 2
A2 IR I TR =0 B IR 2 AR B
RHE L HIEEANT 20~60 m Z [0, 76 i L& B A7
TE—E MBS T W R E R AR, Tk
TR IR JYT 2 I o — D AT R 7 = B
PHEAMLRI I JYT - B R E A 28 m,

I g 1X10° m®/d. L5 1 77T B i,
TR D Bl IR A 2 A IR T O i =
PARGCALIAE o £ REEAR LT B EVERER E. 7t
VU 3 DX = DL A i B O 3L )2 B B R AR
4y DR SE P 3 X LU JZ R 30 m o T B T
Ik 210 km® O T — 228 ML IR K 4 )2 B)
TR FI X, BB GE AT A X TT i KR 5K F



+ 256 -

A E TR R CH AR O

%51 %

S ZF AT LU R4S B K it 2 1 R AL A
k.

4 Zig

a. 75 =7 B 0L £k 2 0 N I 0 2 AR i
JZ I B XF o7 55 10 0 I S o Ak 2 RS A2 TR K R
T0 8 2 e U U 1) ot I S ) L R T 2 I
FEAE T i i 1 4 O T DU A 2 J A AF AR KA
B Pk

b. §if /2 5 55 A7 A2 B S 1Yk BE BT I S L SR
HEHAMCAEAERE FAER D 2ER, Y Lk
FHRE R S R B BT AT DL A 4 X 43 i )2
e 2 L FH B TE 8 7 480 AT LA o o R 3 7R =
IO AR A0 A, FE R PR A 1Y L aly I, o 5B W 45
7 BT A RORNE K A2

o TP =R KL E & 30~60 m,
KB AR 16 4, M 124 km®, & F—2
e IR A 2 1) B S5 39 % 1w L 8 A R DX T K
BB ISR I 45 T2 I v DU B Bl I A
fiff )2 1 RS A0 25 TF %

[ & % xx #k ]

WY, T R A AL AR 2014, )V 4 b o E TV B
PR ST B BRI KA E A B L] A
5 KA HBT,35(4) : 480 —485.

Cao ] H,Wang S C,Lai S H,et al. ,2014. Distribution
prediction for tight marlstone reservoirs in lower 3™
Member of the Shahejie Formation in central and
southern Shulu sag, Bohai Bay Basin[J]. Oil &. Gas
Geology»35(4) :480—485. (in Chinese)

WA, B A 8, P B, AL 2022, NP1 PE RS ML IX R =
B R #h e PRa A IR TR L) ). BUER 3 TR =4 (A
SRBFE R . 49(1) :61—67.

Hu L.Zeng L Y.Shen Q Y.etal. .2022. Evaluation of hy-
drocarbon generation of carbonate source rocks in the
third member of Leikoupo Formation in central and
southwest Sichuan Basin, China [ J ]. Journal of
Chengdu University of Technology (Science &. Tech-
nology Edition) ,49(1) :61—67. (in Chinese)

ARV ITS IR AR R L 5, 2012, DU 45 R D B B A
J P K AT R AL 5 B LT s AR AR,
86(2):316—324.

Li L, Tan X C,Zou C,et al. ,2012. Origin of the Leikoupo
Formation gypsum-salt and migration evolution of the
gypsum-salt pot in the Sichuan basin,and their struc-

tural significance[ J]. Acta Geologica Sinica, 86 (2) :

316—324. (in Chinese)

ZE IR E R, 45, 2016, )1 P9 I 177 LU i #) & H
N E N i i 1 0 W S C S IR M A ES PR )
,21(3) . 74—82.

Li SB.Xu G M,Song X B,er al. ,2016. Forming condi-
tions of Pengzhou large gas field of Leikoupo Forma-
tion in Longmenshan piedmont tectonic belt, western
Sichuan Basin[]]. China Petroleum Exploration, 21
(3):74—82. (in Chinese)

WAL, JE R . 3 55O, %8, 2008, 10 )1 4 i B4 A
o R 28 e B [T ] i A AR BT, 13 (4)
19—28.

Shen A J,Zhou ] G,Xin Y G, et al. ,2008. Origin of Tri-
assic Leikoupo dolostone reservoirs in Sichuan basin
[J]. Marine Origin Petroleum Geology, 13 (4):
19—28. (in Chinese)

I RG] A2 L AR e, 46, 2022, O] £ b 1] PE R B R =
B gt YR AR A GR T A 5 R AR
Jit,43(2) :341—352.

Su C P.He Y.Song X B.et al. .2022. Reinterpretation of
gas sources in the Middle Triassic Leikoupo Forma-
tion in Western Sichuan gas field, Sichuan Basin [J].
Oil &. Gas Geology,43(2):341—352. (in Chinese)

PhEERLCE UK SCTE L AF L2021, DY 4 M O3 A AT AL
JBT VU B B Bk T IR A ) ], R AR AR R
2,32(2) :233—247.

Sun H F,Luo B, Wen L,et al. ,2021. The first discovery
of organic-rich shale in Leikoupo Formation and new
areas of sub salt-exploration,Sichuan Basin [J]. Nat-
ural Gas Geoscience,32(2) :233—247. (in Chinese)

FH 55 S, B SN, B, 2021, WO I ZL b b = B SR O
W28 it J2 R A S AR D5 L. v Al B 4L 26 (5D -
60—73.

Tian H, Wang G W, Duan S F, et al., 2021. Reservoir
characteristics and exploration target of the Middle
Triassic Leikoupo Formation in Sichuan Basin[]].
China Petroleum Exploration,26(5) :60—73. (in Chi-
nese)

TG G0, T AR . S, 1998, 5 B A B A R &
MR EEBB] IRE .3(2):5-8.

Wang S Y,Dai H M,Wang T D,er al. ,1998. Gas source
and transport of mature natural gas in Moxi Field
[J]. Petroleum Explorationist,3(2):5 — 8. (in Chi-
nese)

AR FB AR 2R A A, 55, 1989, M H A M Ak RR AE 74 )
JIPEAE 3R =S SR T ]. RAR Tk, 9(5) -
20— 26.

Wang T D, Zheng Y J.Li S J.et al.,1989. From geo-
chemical characteristics of oil and gas to discuss the

gas source of Lei-3 reservoir, Zhongba Gas field, in



% 2 # 7K

F,o P REMKXF = TR KSR AT R

+ 257 -

north-west Sichuan [J]. Natural Gas Industry,9(5):
20—26. (in Chinese)

FA X E WL 2015, F A U O5 2 K H A I8 R AR 2
Hr—— LU 3 I B R LT ). A fb AR . 22(6)
146—147+262.

Wang W.Liu Z G,2015. Analysis on gypsum rock prediction
technique and its drilling characteristics[ ] ]. Petrochemi-
cal Industry Technology, 22 (6): 146 — 147 + 262. (in
Chinese)

SN LB B AL AL 20100 )1 A — )1 R A R D
Yool U AR AH R AR LT 0. 19 )il #b 5T 2% 42, 30 (3D
260—264.

Wu X Q,Zhao L. Z,Huang L,et al. ,2010. Sedimentary fa-
cies of the Triassic Leikoupo Formation in the cen-
tral-south Sichuan intermediate zone[J]. Acta Geo-
logica Sichuan,30(3):260—264. (in Chinese)

FTOL, EE L FEHE M S, 2020, I PH A X R I 1L
Wi B RS A 0 o it 2 B9 R TR R HL b B 7 LT L R
R T, 40(9) :23—29.

Xin Y G,Wang X Z,Tang Q S,et al. ,2020. Genesis and
geological implications of large-scale microbialite res-
ervoirs in the Tianjingshan paleouplift of the north-
western Sichuan Basin [ ] ]. Natural Gas Industry,
40(9) :23—29. (in Chinese)

FH, kS, %, 2022, W) F b = B SR DK
A% 2R FAE 5 B SR SUECR B LT T A B R
27(4):91—102.

Xin Y G,Wen L,Zhang H,etal. ,2022. Study on reservoir
characteristics and exploration field of the Middle
Triassic Leikoupo Formation in Sichuan Basin [J].
China Petroleum Exploration, 27 (4):91 — 102. (in
Chinese)

F 5 AL JE L AF 201320 DU I Z Hb v P R M X
PEBETFOWMATE = Bl 24 R a0,
RKARR T, 33(3) :1—5.

Xin Y G.Zheng X P.Zhou ] G.et al. ,2013a. Characteris-
tics and distribution of reservoirs in the Lei-3* of the
Leikoupo Formation in the western central Sichuan
Basin[ ] |. Natural Gas Industry,33(3):1—5. (in Chi-
nese)

6, R R, %, 2013b, WU A =& E O
I 01 BE R R R A A M DUBURRAE B R it 48 A
SrAa L], ARl AT, 18(2) 11— 7.

Xin Y G.Zhou J G,Ni C,et al. ,2013b. Sedimentary facies
features and favorable lithofacies distribution of Mid-

dle Triassic Leikoupo barriered carbonate platform in

Sichuan basin[ J]. Marine Origin Petroleum Geology,
18(2):1—7. (in Chinese)

TR, 22 RUR T ol £, 55, 2013, TR B8 191 BF T8 IR 2 80
T A S T B A5 5 e LT o B b R
18(3) :46—49.

Xing F S,Qin F Q,Wang M H,et al. ,2013. Research and
application of forecast technology on muddy lime-
stone compact hydrocarbon reservoir in Shulu sag
[J]. China Petroleum Exploration,18(3):46—49. (in
Chinese)

T WUSE L R, SR B, S5, 2015, TIBR MG o 3 R BT T B
B R A IR Y TR 1 R A A 43 A B0 LT . A B
R, 22(2) 3338,

Yang S W,Chen B,Cai D Y,et al. ,2015. Geophysical re-
sponses characteristics and distribution prediction of
gypsum-salt rock in the lower member of Xingouzui
Formation of Paleogene in Jiangling sag[ J]. Petrole-
um Geology and Recovery Efficiency,22(2):33— 38.
(in Chinese)

TN Ak Tk HEBS L AF L 2022, WU A b = &4
W B AR R A B R E R I (] RARK
Tolk,42(12) :12—22.

Yang Y,Xie ] R,Zhang J Y,et al. ,2022. Characteristics
and exploration potential of unconventional Middle
Triassic Leiy? reservoirs in the central Sichuan Basin
[J]. Natural Gas Industry,42(12):12—22. (in Chi-
nese)

TS ET . AP, 5, 2021, 1 VE R R A D M X R
Pt OB R s A W] B R RS AR, 21
(28):12040—12051.

Zhang H,Xin Y G,Gu M F,et al.,2021. Prediction of
thin-layer algal dolomite in Leikoupo 4° sub-member
in Baimamiao area,southwestern Sichuan[]]. Science
Technology and Engineering,21(28):12040—12051.
(in Chinese)

SeE L B0, TR 5T, 45, 2023 — R BT I AR O R SRR
FECE AL —— )1 rpodth X ER = B 2R kU TR A — 1A
B R R UMY ], R AR BR B2 . 34 (1) 1 23— 34,

Zhang ] Y,Xin Y G,Zhang H,et al. ,2023. A new uncon-
ventional gas reservoir type: Source-reservoir inte-
grated carbonate gas reservoir from evaporated la-
goon facies in Lei;? sub-member in Central Sichuan
Basin [J]. Natural Gas Geoscience, 34 (1):23 — 34.
(in Chinese)

(RERE:FH LS



