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Seismic physical model of the Maokou Formation reservoirs of platform-margin
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Abstract ; Shoal reservoirs were encountered by Well Yuanba-7 and yielded high industrial gas flow from the Maokou
Formation at the platform margins of Yuanba area in Sichuan Basin, marking a major breakthrough in oil and gas
exploration frontiers. In order to confirm the seismic response characteristics and identification methods of the reservoirs,
the study constructed a three-dimensional physical model of platform-margin shoal reservoirs consistent with the actual
formation parameters of the studied area based on the comprehensive geological and seismic interpretations. The model
were then modified according to acquired seismic data and processing procedures to obtain physical simulation data for
analyzing the seismic response characteristics and assessing prediction methods of the reservoirs. The results show that the
seismic attribute analysis based on large time windows for platform-margin shoal reservoirs cannot accurately describe the
changes of sedimentary microfacies. Instead, the fine interpretation of strata focusing on reservoirs based on geological
models does better. With reservoir thickness and property parameters affecting seismic amplitudes, the method works
better with amplitudes clearly revealing the physical properties of reef-shoal reservoirs and frequency attributes mapping
the reservoir boundaries.
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Fig.1 Seismic data of the shoal reservoirs at the platform margins in Yuanba area,Sichuan Basin
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Fig.2 Seismic physical model design for Yuanba area,Sichuan Basin
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Table 1 Actual formation P-wave velocity and density parameters in Yuanba area, Sichuan Basin
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Fig.3 Three-dimensional observation system of the physical model for Yuanba area,Sichuan Basin
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Fig.4 Schematic diagram showing the seismic physical modeling experiment device for Yuanba area,Sichuan Basin
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Fig.5 Single shot records of physical model in Yuanba area,Sichuan Basin
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Member in Yuanba area,Sichuan Basin
a. ANFEEL ;b. AN[a] 5B
@. 2 HE 4 350 m/s, JELEE 30 m; Q. /2 HE 5 100 m/s,JELF 30 m; Q). f#Z#EE 5 500 m/s, JEF 30 m;@. if)258E 5 100m/s,
JEEE 40 m; . /2 HEE 5 100 m/s, JEEEE 30 m

R T ERS AR SRR R A=
e ot TR AT BRI . TR IE
ARBEGDR , R A= R ge it 1 = b i 8 B2
S5PRIEC(E 7). BEFI, SiEEEEE /N TS5 500 m/s,
JEEER T45 T 20 m B, 0] DL 2 W A9 IEHR IR, L RE
A R 1 0 L R RN T M K, Y A ) R
5500 m/s, 88 F EE/NT 20 m B}, HOEIRIEE /N, H
Biti 5 it )2 B B il /)N 3 I T ek , e 26 TR
JOF )5 MR T BT IR 2

- TH1 Ml 52 J 1k o3 M e A S R A 2 m
il J2 75 WL TIUIN 114 56 B = BE, JH v I 77 06 45 2 iy b
AR 220 T 5 A 2 2 SO0 TR 20 AR e 7
J2 AL fife R T 5 I T B 06 JRE S0 Ji Y B OIS Y 5 )= B
G, M0 3 R I R ORI . I8 MR FIm 1T, 5
T, M REJE AL N 2 = BT W= 09 25 6 Wi Lo T 2
= B T M TS S v T W A R S S Al DAL e A A
WA R T T 5 T, R IR = B
UM TR S I



658 Al 5 R R R R A2 %
6500
soool 0 500m
= 3.0
z 5500} . . . . #ﬁr{;ﬁzoo
% 5000 ° 1000 & < W “,((( ﬁ
= 800 . T Saan Vi1 dddddddiiddiddddadadaddiag
= 4500} 600 £33, li“UJ(‘««ll é« n
I = ;
% {400 : (,(““‘(.‘-“‘mu“-«!‘{,t.gg ‘l‘«l‘e‘z‘z‘é‘z‘l‘!‘!‘ (Tz
4000 | 200 | 2
0
3500 . . - - . -200 32 -}ﬁ
0 10 20 30 40 50 60
fift 25 /m
L7 VU T30 X 5 = B — 30 e it (18 WU 1| a3y TG 30U X ) JERASE R 5 ) T e
2R B S IRIEAITE Fig.8 Seismic section interpretation of the physical

Fig.7  Crossplot of reservoir thickness and
amplitude of the Phase II shoal reservoirs of

Mao 3 Member in Yuanba area,Sichuan Basin
Bl 9a Mkt T, 5 T, JZAE I a] 2 17 42 HUiY
By AR, 16 Ob Sk PR T 5 T, EAE I A B
S U T ARIR MR o AT LR B 9b BB 48 B4 /)N
R 7 J Xk T 5 300 B Y 22 A A 0 P B T
IR A o R m] DU BE XS 65 Sk fif = 2R T
RN T 1) M 72 TR A 23 A B AR AN BB B 221 im0 AR 3L
ARG, B X i J2= il 752 W 07 4 ik, 4K 3 e J5 0 0
4505 B, T B e B SR AR AR R, D0 AL == s A 0 A
7, FE o K 1 M R TR o BERE T, BE S I 4P 1Y
221 0] 4 e M = AT KA )2 0 A

model in Yuanba area,Sichuan Basin

Z g A 0 TR 5 SR i R A AR A
FRORICR , DR O 7 R 1 T Bl b, % SR 2R i 5 0
R R R MRS 2 B ROR AT T 0. K10 &5
T B SHE KT X RIEHr (& 10a) HlEE R
(& 10b) Jm P, i & AT LA 31 3R 2600 1 X T i =
520 55 2% | TR AR T oA 3 A B AR
WRRCR . AR TR B2 S5 LR
JEJE KL B A S, 3RS o M x4 ) 3k 4
ANPERLE T I I 00 5 3 B2 Bk 2 K B A, X
T X o 2 0 B RE D B i

EEY

MR R

PO DU F T I0U X 5 11 20 0930 A 2 e AN [ ) 6 25 07 WA W U 1

Fig.9 RMS amplitude properties of different time windows of the Phase II shoal reservoir of Mao 3 Member in

Yuanba area, Sichuan Basin

a. JET R HURRE ; b. ST W) BBE IR A5 i B



5 3 1]

ZE U, A5 DU TS0 X5 11 4 65 G TR AT J2= ) A A 659

REDH
eS|

L4

=

NN BN —

IR 3513 /Hz

—

A% %

TR R R

10 D)1 £ o3 DX 36 20 — 3R 2 & B B g v o i
Fig. 10 Seismic attribute analysis of the Phase [l shoal reservoir of Mao 3 Member in Yuanba area,Sichuan Basin

a. PILIRIEIIHT s b. BRI 31 3 1k

1) M EGRMERRZ DU R, )= ) Pk 4 i

iR A Ry R 0 B )2 R R N
AR RS TR /N, B 2 T IR T RSO 1 R I T AR
AP

2) BGHMEN KR L T O 2 i 52 A 2 A

BORAREMERA 20 m OB A A2 AL, HcH b Joe D) -5
F A IR EAG A B, LA e @A e 1, 58

oy RAEHFE TR 7 HE fiE

, FE A% T 41D 221 10 4 Y

A B A2 1R A 5

Jit K

(1]

3) AFEMREED A , 5 ZME SR Z
b R AL A B

& % x #t

RS2 R AT, A U1 b e A8 X % 40 22 s R iy b
BAFBERICH[T]. 4102441 ,2012,33(82) :35 - 51.

Zhao Zongju ,Zhou Hui, Chen Xuan, et al. Sequence lithofacies paleo-
geography and favorable exploration zones of the Permian in Sichuan
Basin and adjacent areas, China[J]. Acta Petrolei Sinica,2012,33
(82):35-51.

BAMRE, SRS BREISE, A5 DU b F 20 2 6 A ot e B
TEBARGRIZI LI ). AR S I % ,2012,39(1) :45 - 55.

Hu Mingyi, Hu Zhonggui, Wei Guoqi, et al. Sequence lithofacies pa-

leogeography and reservoir prediction of the Maokou Formation in Si-

(4]

[5]

(6]

[7]

chuan Basin[ J ], Petroleum Exploration and Development,2012,39
(1) .45 -55.

BREE AR, . DU 200 )1 PG P b X 38 5 S 2 R A i
TR AL ] RERR Tl ,1995,15(6) :10 - 13.

Chen Gengsheng, Yue Hong. Gas reservoir types and effective frac-
ture-vug distribution laws of Lower Permian series in the southwest
area of Sichuan Basin[ J]. Natural Gas Industry,1995,15(6) :10 -
13.

HER, RS EER S WG 0 R A7 8 R
LRI ] a4l ,2012,33(6) 1949 -960.

Jiang Qingchun, Hu Suyun, Wang Zecheng, et al. Paleokarst landform
of the weathering crust of Middle Permian Maokou Formation in Si-
chuan Basin and selection of exploration regions [ J]. Acta Petrolei
Sinica,2012,33(6) :949 —960.

ZERAE, W, PR, 2. IO b — B 5 A AR e S
WEEAAOC R TT]. Al 5 R AR MR, 2016,37 (5) - 756 -
763.

Li Dajun, Chen Hui,Chen Hongde,et al. Relationship between reser-
voir development in the Middle Permian Maokou Formation and
paleostructure evolution in the Sichuan Basin[J]. Oil & Gas Geology,
2016,37(5) ,756 —763.

EAAR IR 01| 34t T 30U Hb X 3 21 5 G W SR S PR 11 5 1
SrmR[T] R T,2019,39(3) :1 -10.

Hu Dongfeng. Breakthrough in natural gas exploration in the platform
margin shoal at the Maokou Fm in the Yuanba area, Sichuan Basin,
and its implications[ J]. Natural Gas Industry,2019,39(3) .1 - 10.

BRI L, A5 DI i b S S DR AR A S A R ik
BRI A 5 RAR M ,2019,40(2) 2369 -379.

Li Rong,Hu Mingyi, Yang Wei, et al. Sedimentary facies model and



660 A5 R R R R 5542 &
favorable reservoir distribution of the Middle Permian in Sichuan Ba- [17] REWEZE, BUPRAE, SEFEVT. A Wy b 52 o O 45110 i B AL [ T ]
sin[J]. 0il & Gas Geology,2019,40(2) :369 —379. 2= ,2009,30(1) ;75 = 79.

[8] hfliyr, [k, /NG A5 DI — S R K MAL YR E Xiong Xiaojun, He Zhenhua, Huang Deji. Numerical simulation on
MzERE R EREZE[T]. A KRS M E, 2020,41(6) - seismic response features of reef[ J]. Acta Petrolei Sinica,2009,30
1176 - 1187. (1):75-79.
Ma Deqin, Tian Jingchun, Lin Xiaobing, et al. Differences and con- (18]  #A, oA, BEkE , 2. T —3 Al R K S A kB
trolling factors of Changxing Formation reefs of the Permian in the Si- FAR R B AR AT ] A S g 5, 2019 ,41(4)
chuan Basin[ J]. Oil & Gas Geology,2020,41(6) :1176 - 1187. 614 - 620.
[9] BRIETF, BRI, B F, % U EZE - 8IRE KRS I Peng Cai,Zheng Rongcai, Chen Hui, et al. Reef control factors and

RS RE[]]. KRS T,2020,40(5) :1 - 14. new seismic prediction techniques of Changxing Formation, east of
Guo Xusheng,Hu Dongfeng, Huang Renchun, et al. Deep and ultra- Kaijiang-Liangping Trough, Sichuan Basin[ J]. Petroleum Geology &
deep natural gas exploration in the Sichuan Basin; Progress and pros- Experiment,2019,41(4) :614 - 620.
pect[ J]. Natural Gas Industry,2020,40(5) :1 - 14. [19]  #4kfh, REIRZE, BUAR A, = 2k A5 Wy ik e 2 468 I b 5 51 A5 40

[10]  FUE&, mbk AT, 55 DAL AN S 2 6 w2 g i [ T ] . #) [J]. PR feRa R ,2014,36(3) :326 - 330.
PR ER Py HE U 2 2003 ,26(3) 1199 —203. Huang Jiwei, Xiong Xiaojun, He Zhenhua. 3D seismic numerical
Fan Rui,Gao Lin,He Li,et al. Prediction of oolitic beach reservoir of simulation for biological reef and bank models[ J]. Computing Tech-
Feixianguan Formation in northeast Xuanhan, Northeastern Sichuan niques for Geophysical and Geochemical Exploration,2014,36(3) .
[J]. Progress in Exploration Geophysics,2003,26(3) :199 -203. 326 —330.

(111 W st NZRIL X i AR £ = PO B oAR S R T ] Al ax, [20]  SRZEZ: KM FENERIBRFREN A 68 2 BB T [ T ). A il 5
2007,46(4) :363 —369. 5T #,2020,34(1) :16 - 19.
Jing Penggui. Reservoir prediction technology of reef-flat facies in Guo Juncan et al. Study on modeling method of reef-shoal carbonate
northeast Sichuan province and its application[ J]. Geophysical Pros- reservoir[ J ] . Petroleum Geology & Engineering,2020,34 (1) :16 —
pecting for Petroleum,2007,46(4) :363 —369. 19.

[12]  ZButAk. fEREARAGE 2 IEE BT T]. Brset A K4k, 2010,6 [21]  BkAEIE, BREsE, KA. = 4EHh 55 W) BIAE R R 8k 5 5 45 %
(1):1-5. WFFELT ] Al ER Y B 4%, 2002,37 (6) :562 — 568.
Gong Honglin. Forward modeling for reef shoal reservoir[ J]. Xinjiang Di Bangrang, Wei jianxin, Xia Yongge. Study on effects and precision
0il & Gas,2010,6(1) .1 -5. of 3 = D seismic physical model technique[ J]. Oil Geophysical Pros-

[13] XUZEI0 g3t v A pe. A TR 1 T B R AR AR R b 2 i e b 2 pecting, 2002 ,37(6) :562 - 568.
UM RET AR L], A M08, 2007 (1) 1109 - 112, [22] B8, MR, BEReE, A5, BRERER A TR ) AR TR 4 72 ) 17 45 1iE
Liu Junying, Yong Xueshan, Gao Jianhu. The application of forward WL T]. A4 ,2010,49(4) 351 - 358.
modeling for interpretation of seismic data of carbonatite reservoir Zhao Qun, Qu Shouli, Xue Shigui, et al. Study on the seismic re-
[J]. Lithologic Reservoirs,2007 (1) :109 - 112. sponse characteristics on the physical model of carbonate cave[ J].

[14]  ZE=HE, MO8, AR EIH, 55 GORKIERMEAR £ )2 3 78 AR Y 14 1E T A 40 Geophysical Prospecting for Petroleum,2010,49(4) :351 -358.
KICHBFRWRNARAE 43 47 [T]. TR b Bk 344 4e, 2011,8 (1) (23] Z= Lo, BT, 2K L, 4. BRIERER e FL R it 2 b 75 0y BLASE U fF
91 -96. FELI]. AR R, 2016,51(2) 272 - 280.
Li Sanfu, Xiao Wei,Zhu Meijuan, et al. Forwardmodeling and analysis Li Fanyi, Wei Jianxin, Di Bangrang, et al. Seismic physical model of
of seismic Response characteristic in the deep water reef-flat reser- carbonate cavern reservoirs[ J]. Oil Geophysical Prospecting,2016,
voirs model[ J]. Chinese Journal of Engineering Geophysics,2011,8 51(2) :272 -280.
(1):91 -96. [24] EXF, B0, 87, 4. ZUEMEZ R BIEIIB ST (], £l

[15]  Zeade, gkds 2Rt A4S, BT inT A5 DX B IR K A B8 2 3BTl ik 43 A7 Bheg e, 2017,2(2) :210 -227.
ZEETILY]. RARR T ,2019,39(11) :1 -9. Wang Lingling, Wei Jianxin, Huang Ping, et al. Study of seismic
Li Xianghua,Zhang Ting, Li Hongxi. Integrated prediction on the dis- physical modelling of fractured reservoirs[ J . Petroleum Science Bul-
tribution of reef beach in the depositional environment of low-energy letin,2017,2(2) :210 —-227.
deepwater slopes in the Amu Darya Right Bank Block [ J]. Natural [25]  w)SCHE, Bwiphe, B 344, 45, L 6 M WY — trias 44 4 B 4D Ky
Gas Industry,2019,39(11) ;1 9. M RAFAE AT (] A M EE ,2019,58(6) 1911 -919.

[16] {HZEM, Mk, JrrhF, 4. BiiRdhn A Pyt 52 e N7 51 1 250E Si Wenpeng, Xue shigui, Ma Lingwei, et al. Physical modeling and

B[] iR 22 e (B ARRRAR) ,2012,40(3) 2345 - 349.
Dan Zhiwei, Xiao Wei, Fang Zhongyu, et al. Numerical simulation of
seismic response characteristics of carbonate reef[ J ]. Journal of Ho-

hai University ( Natural Sciences) ,2012,40(3) :345 —349.

analysis of the characteristics of the seismic response of strike-slip
faults and the associated fracture-dissolution reservoirs in the Shunbei
area[ J]. Geophysical Prospecting for Petroleum,2019,58(6) ;911 —
919.

(F4:% 746 1)



746

15 KR A

o S

542 %

[40]

[41]

[42]

[43]

[44]

[45]

Huntington K W, Eiler ] M, Affek H P, et al. Methods and limitations
of ‘clumped’ CO, isotope (A,; ) analysis by gas-source isotope ratio
mass spectrometry[ J ]. Journal of Mass Spectrometry,2009,44(9) .
1318 - 1329.

Ryb U, Eiler ] M. Oxygen isotope composition of the Phanerozoic
ocean and a possible solution to the dolomite problem[ J]. PNAS,
2018,115(26) :6602 —6607.

Bonifacie M, Calmels D, Eiler J] M, et al. Calibration of the dolomite
clumped isotope thermometer from 25 to 350 °C ,and implications for
a universal calibration for all ( Ca, Mg, Fe) CO; carbonates[]].
Geochimica et Cosmochimica Acta,2017,200.:255 -279.

Sun Y D, Joachimski M M, Wingnall P B, et al. Lethally hot tempera-
tures during the early Triassic greenhouse[ J]. Science,2012,338,
366 -370.

BIFTE, ik BN, 45 I ARAE RS2 (= o AR T X il
REMERHZ I FLBR S RN [ ] A7 i 5 RAR L ,2018,39(4)
706 -718.

Li Kaikai,Zhang Xuefeng, He Xunyun, et al. Modification of dolomiti-
zation on pores in oolitic shoal reservoirs of the Feixianguan Forma-
tion in the northeastern Sichuan Basin[J]. Oil & Gas Geology,2018,
39(4).706 -718.

TR APET I, Sy 8H T 4 T - *Mé?ﬁif%ﬁfﬂ" RANRAA R
ST A 2 R AE B At I R A o [ ] AR <0, 2020, 27
(1):17 -24.

Jiang Yugqiang,Deng Hongbing, Yi Juanzi, et al. Properties of different
oolitic beach reservoirs in the Feixianguan Formation of Kaijiang-
Liangping Trough[ J]. Special Oil & Gas Reserviors,2020,27 (1) ;

(k3% 660 1)

[26]

[27]

[28]

[29]

B, 220, kL. =4 B T s [ 1] At
ER Py BRI, 2002 ,37(6) :556 - 561.
Wei Jianxin, Mou Yongguang, Di Bangrang. Study of 3 - D
physical model [ J]. Oil Geophysical Prospecting, 2002, 37 (6):
556 -561.

W B, INE L SE DU A )1 e DR B R AT 4H 2 ik
GOR MR U SO BERFE [T ] A3l 5 RAR S )5, 2017, 38
(6):1079 - 1086.

Zeng Fuying, Yang Wei,Sun Ai,et al. Seismic recognition and zona-

seismic

tion of the platform margin facies of the Sinian Dengying Formation in
central Sichuan Basin[ J]. Oil & Gas Geology,2017,38(6) ;1079 —
1086.
WA, B YRS, 55, W ARBRIRER A A2 3t 7 T0I 1 A 3t
Ruﬁﬁwk[ﬂ VI M B, 2020,25 (1) 122 - 34

Chang Shaoying, Li Chang,Chen Yana, et al. Progress and application
of seismic prediction technology for marine carbonate reservoir[ J].
Marine Origin Petroleum Geology,2020,25(1) ;22 —34.
RN, MG MR =, S B R B T 3t DR IR 1 = 2
Mg HBREF AT T ] A5 KA, 2020,41 (1) :59 - 67.
Li Zongjie, Wang Peng, Chen Xuyun, et al. Integrated seismic and
geological prediction of ultra-deep dolomite reservoir in Shunnan

area, Tarim Basin[ J]. Oil & Gas Geology,2020,41(1) :59 -67.

[46]

[47]

[48]

[49]

[30]

[31]

[32]

[33]

17 -24.

HRR, W0, 485022, 45, J2 e 2 5 1R o 2R M IR Ak 27 i 1 ¢
T BTl e B AR« DA AR 38 1 —50 16 VA A9 30 G i 4 % 41 )
[J]. A sEss 5 ,2019,41(2) 243 - 250.

Dong Qingmin, Hu Zhonggui, Cai Jialan, et al. Sequence stratigraphy
and isotope geochemical response and development pattern of reef and
shoal ; A case study of Changxing Formation in the marginal zone of
Eastern Sichuan Chengkou-Western Hubei Oceanic Trough[ J]. Pe-
troleum Geology & Experiment,2019,41(2) ;243 -250.

SERER. SRVE — AR A DG 2 7 2 5 W R AT 5 LA
R GHIX AN =BR[] AT g 57,2019 ,41(4)
524 -529.
WU Nazhu. Sequence stratigraphy and reef beach distribution of
Feixianguan Formation in western Hubei-eastern Chongqing area: A
case study of the third member of Feixianguan Formation in Jiannan
and adjacent area[ ] ]. Petroleum Geology & Experiment,2019,41
(4):524 -529.

WP, F 4 MR, 55 B - IR ELH DCRANSC )2 7 2
5BORLMERFAELT] . Wiah < ,2018,25(3) 310 - 315.

Xie Shengyang, Wang Xingzhi, Mei Qiuyong, et al. Sequence stratig-
raphy and grain shoal characteristics of Feixianguan Formation in
Xuanhan-Daxian zone[ J ]. Fault-Block Oil and Gas Field,2018,25
(3):310 -315.

Henkes G A ,Passey B H, Grossman E L, et al. Themperature limits
for preservation of primary calcite clumped isotope paleotemperatures
[J]. Geochimica et Cosmochimica Acta,2014,139.362 —382.

(3 R 2)

TR STV BORCAR E B B IRTT R G ER [T]. A7 2741,
2019,40(6) :748 —760.

Guo Tonglou. Gas accumulation conditions and key exploration & de-
velopment technologies in Yuanba gas field[ J]. Acta Petrolei Sinica,
2019,40(6) ;748 —760.

HAKAL, 28, JE R, 45 YB HBIX %
mLJ]. AR ,2012,51(1) 198 - 103.
Xiao Qiuhong, Li Leitao, Qu Dapeng, et al. Fine description on the

ZFLHE el 7 A R 200 221

seismic facies of reef-beach reservoir in ChangxingFormation, YB area
[J]. Geophysical Prospecting for Petroleum,2012,51(1) :98 —103.
RSO, MR BT, 55 YB L [ 11 20 = B kit 7 AEAS 40 221
HEEAR SR ] PTACHIT R ,2020,42(6) 695 — 703.
Wang Yin, Li Wencheng, Chen Huixia, et al. Fine characterization
technology and application of reef-beach seismic facies in the third
member of Maokou Formation in YB area[ J]. Computing Techniques
for Geophysical and Geochemical Exploration,2020,42(6) 695 — 703.
TRETE, 0 GRS ST DT 4 DY BE b A AR 45 i 2
B[], FimaE,2020,59(4) :607 - 615.
Su Jianlong,Pu Yong, Miao Zhiwei, et al. Facies-controlled reservoir
prediction for the bioherm beach of the fourth member of Dengying
Formation in the Yuanba area,China[ J] , Geophysical Prospecting for
Petroleum ,2020,59 (4 ) :607 - 615.





