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Fig.1 Satellite images of three typical shallow-water deltas
(a) Ganjiang sand-rich delta, Poyang lake; (b) Mississippi sandy-muddy delta; (c) Ouchi River mud-rich delta, Dongting lake
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Fig.2 Simulation grid and initial water depth distribution
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kg/m?®, ERPTRVRALAIERA PRSP, H b B ITAR Y 3% IR UTAR IR B 2 5+ 70 N
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VLR % 2 T4 8 COHO09. COHO15 £ COHO005, XM IIEHE N 0.9 mm/s. 0.15 mm/s
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Table 1 Simulation boundary conditions
SHO0 BEE SR BEE
B/ (ASXAS) 650x400 WY T A/ (kg/m?) 1 600
PR (mxm) 25%25 BRI T2 H/ (kg/m®) 500
AU X AR/ (kmxkm) 16.25x10 REALLS 1] 25K /min 0.2
PEFKITIE 8 B /m 250 DURHSS 4 H B 1) 25K /min 120
M4 LK I T K IR /m 4.0 SRS D B 350
KR/ (m¥/s) 1000 WS REZHY (1/1) 175
7K 7KAL/m 0 JERIRKEFE -chezy i/ (m"%s) , UMV 45,45

S R UTAR I RL FE /um NC300 300 ARIE T MR AR M R %Y (1/1) 0.25
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NC150 150 AKTHRR R (m¥/s) 0.001
NC80 80 YUFR B B AR E 3% R B /m 0.05
COH09 0.9 JERIR I E 0.02
VR TUTARPIT Rt i %/
COHO15 0.15 i B 8] /min 60
(mm/s)
COHO005 0.05 VRPN /m 0.1
#2 MIEYENESKKTRYEE

Table 2 Sediment feed rate and bedform thickness
BE Run 1 Run 2 Run 3
[EISRRALY e VRS 90% 50% 10%
BERETTRR 5 2 10% 50% 90%
Ve RUTAR I S Y VI ) /Pa 0.25 1.75 3.25
VIR N A1 (kg/m®) 0.1 0.1 0.1
JEPRUTRR A 2T /m 20 20 20
NC300 0.018 0.01 0.002
BT NC150 0.036 0.02 0.004
YURRAP {3t B i NC80 0.036 0.02 0.004
(kg/m3) COHO09 0.00% 0.02 0.036
Ve TR COHO15 0,004, 0.02 0.036
COHO005 0.002 0.01 0.018
NC300 3.6 2 0.4
BT NC150 7.2 4 0.8
JRRVTARY R S5 NG80 7.2 4 0.8
(m) COHO9 0.8 4 72
Ve TR OOHO15 0.8 4 7.2
COHO005 0.4 2 3.6
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MM ERFE=MM. B TEDUE RS, FIRURKAT B 2R, HBRmmRy
A=W, B Run 1~Run 3 FRRTTARY)E BEIZIRID 5T 90%. 50% 2 10%, Jefit 10%.
50% 5% 90% [ A7 8 52 o 7E BT A540 T , NC300~NC80 = Z#b 5 AR 4 43 (¥ Eh il 35 1y 1:2:2,
COHO09~COHO005 =28V FiUTAR A4y Ll iy 2:2:1. =T, JRIRTTARY R BN
20 mo. HT =ZHBE T, BRR IR BN SN [, SR AR S ORI S B D) R 73 43 5 1
H0.25. 1.75 }% 3.25 Pa, X SLJRIRBL= A e T TTRRP AR b wfl P52 32 18 o

B AR, KEh 715 BT E R A2 vl FE T S R KB 0.2 min,  SURRHLSR &%
YRR B S5 B8 0 SR I 18] 5 K 120 min, HUSIRESHON 175, RKKERE A 45 m!/2s,
AKFIRKE RECN 0.001 m¥s. FEIRAFAEEL) 15 K FBYURE AT, A S o it b &
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Fig.3 Topographical features of the simulated deltas, run steps 50, 150, 250, 350

(al—a4) Run 1, saridsrichidelta; (b1-b4) Run 2, normal delta; (c1—c4) Run 3, mud-rich delta
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Fig.4 Flow velocity distribution of the simulated deltas, run steps 50, 150, 250, 350

(al—a4) Run 1, sand-rich delta; (b1-b4) Run 2, normal delta; (c1—c4) Run 3, mud-rich delta
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Fig.5 Distributary channel network of the simulated deltas:
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Fig.6 Sediment thickness increment from run step 299 to 300
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Fig.7 Growth process of sand rich shallow-water delta (Run 1)
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Fig.8 Sedimentary architecture and grain size distribution of the simulated sand-rich shallow water delta (Run 1)
(a) Geomorphy of the sand-rich shallowswater delta and location of section L-R; (b) Sedimentary architecture and sediment grain size
distribution of the along the section JX-R4 (e-PSedimentary architecture and sediment grain size distribution of partial short sections in

section L-R.
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Fig.9 Growth process of the sandy-muddy shallow=water/delta (Run 2)
(a-f) Distribution of sediment thickness increment generated in simulation steps 1-75. 76-143. 144-223. 224-293. 294-326. 327-350 of

the sandy-muddy delta
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Fig.10 Sedimentary architecture and grain size distribution of simulated sandy-muddy shallow-water delta (Run 2)
(a) Geomorphy of the sandy-muddy shallow-water delta and location of section L-R; (b) Sedimentary architecture and sediment grain size
distribution of the along the section L-R; (c-f) Sedimentary architecture and sediment grain size distribution of partial short sections in

section L-R.
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Fig.11 Growth process of the mud-rich shallow water delta (Run 3)
(a-f) Distribution of sediment thickness increment generated in simulation steps 1-75, 7641234 124-193, 194-247, 248-296, 297-342 of the

mud rich delta
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Fig.12 Sedimentary architecture and grain size distribution of the simulated mud-rich shallow-water delta (Run 3)
(a) Geomorphy of the mud-rich shallow-water delta and location of section L-R; (b) Sedimentary architecture and sediment grain size
distribution of the along the section L-R; (c-f) Sedimentary architecture and sediment grain size distribution of partial short sections in

section L-R.
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Fig.13 Fence plot of sediment grain size model of the simulated deltas

B K = AN R — BT G AR AL e T, AP AER TR, AR AR B I
TT T ORR AU RL E WS R T30 I, R0 = A AL 0 LU RS v (I 13a) 5 B YRR = A P93
UORRMIRLEE 43 K, 4M VTR P TTRR I RL S 3 B b — A0 St b, 28 2B R IER)
RAFAE , A VAT TE FRVRT 1 30 AR DKL FEE E BN AR S0 , R 1) Hh A b (R B Az 2R P U,
JER R R DR = A R (B 13b) ¢ B YRR = AR A, TR LUk
FNANAR DR, LB Rk b 22 43 AT T3 T ARV I AR ER AL, 73 IAL T 2 TR R 7 72
PRI, AR, I e s At E O AR RS e (B 13¢) .



I Al

42 RMEERAIARBESIEN RS HEHE

SR = AT AR YR S A RAE , 765 1 A% L IR B RS T G, FE AR AL
JEE RS T SR ER G THD G T A 1) b A R BTG P R EEAE, TP IR SR T 2, R4
HVTAR I RL BE S~ TH 3 A B (18] 14al~a3) S5FE a7 2 P (B 14b1~b3) , JF4h

EUBRM BRI TR 3 A (18 8, 10, 12) s KITIARBIREHE, ZRE 00T iRk = MR
AR 57 73 AT AL o
W0 5 = AR ORI 1 T 70 A1 S A 51T, = A N1 55 i 2 A Az £ SRR b b,

ALGHRALEAE, EEGORS . 4d, AT =AMAE, EETIBRD, RISHMK 7 HAIE N
RNRLEERA, NONRY)E R R 22 (B 14al) o fEMREIH B, 2 REHRESY)
RO R IEFIH, WARRZ R AR IR (B 8c) o VAT DB fA 2 LAY ) Sef i, I
SRR S AL AR AT w4 e 2 (Bl 8d~e) o REAEMIRMERR, =MAMTFEEATZ%
FROLATIRETE B SE . LR A FIEE (B 8) s

Y(m)

Y(m)

11000 5000 8000 11000 5000 8000
X(m) X(m) X(m)

Bl 14 RO = Ay 3 e OB ) LA S5 5L 2 51 T A R i
(al~a3) Run 1~Run 3 YURWRLE JUAT S FE4A s (b1~b3) Run I~Run 3 JURMPRLETE 12 P40 s Pl oh S ([ Py

VIREE/NF 0.5 m, 2B

Fig.14 Planar distribution of the vertically geometric mean and variances of sediment grain size in the simulated
deltas
(al-a3) geometric mean sediment grain size distribution; (b1-b3) vertical grain size variance distribution; black area represents total

sediment thickness < 0.5 m
WOV S5t = F N DUAR YKL 5 2 B LR T SR PR 93 5t 0T T e FL A G B o P e, T 22
PO, A UK & # AL 32 EEORR GRS, T U 0 A=A 1 ZE TRk i (& 14a2).
FER R b, W0V R = A MBS (Y 73 ST 38 K B R AL TR RLE 2 S R (i IR A, B
T 20 A G A T AR D9 IR 78 5T FeSEUAR , T I HUR & AL th mT AL S A e ) R ik



A BUA B REK = A O T % FL A3 i 1k

(B 10c~) o #3/NAB RATE AR R A M IR, F1TE P 2 ZEPOR A0 78 3 A 40k i e
Jelt (B 10e) o fERMESR =MMTTERN, JLFFrf Ui s A7 78 B AR R 77 BUs AL R R
FRIHIR

B Ve = AN TTRRYIRLEE 73 BB B, LT IE A B B A R BT, I E
T VI g A 2 EE ARG, HL 32 BRI G S T ) S SR, B S iR G B
SEIN, YURRYAL FE B T AR AR B , AR T AT P 28 = A T SR — R & 5 AT = AR R AR,
REVIPE J7 1) EIURRRL BB T AR A (18] 1423) o TEDURMALEIT b, BOME TR 3 22
oA TSR E ) DI EAARIRAL, I PR (B 12b~0) o FTA 2 iE S 2 [l
FEAYIR, BRTE TR BN R F e ARSI, BRI, FERX R =M, AT RA 2
i /2= IRV R (A B A 3 A BN A R HL 2 B v A8 7 JAEVAT TE A % 171 23 AE9] T8 S B _E W] 3 42 1Y
I e B PR R A, 2™ TP T i BRI TR

e [A) O MIRL I 5 221 T 73 A7 Tl AT 47 = i AN RIRENGUDER A 70 A (K AR 2 TR AR P - T 22
TR LEME . BUIR RS (RAI7 MACRE TR —. R A&
BYIRAG . B =AMUTARYIRLEE 7 Z 8RR, 22 1 2 R B 007 A ) i 240 4L
& CUnHiAR I 2 3 I E M A% e 2 ) a7l T8 AN = A I i 25 i AR 25 o PR AR X
B, =AM s DR B AR g O 14b1) WD = AN TR IR T =
Bkthim, HREEDT=MAMTE—MZME, ARTEDR=/AN, BIRR=,fAM7r
P TE AR SR AR XTS5, I DU B B A AR Bk g, (B AR ss (1& 14b2)
e T = IR AR AR BARATI 895, 73 TALRTIE P9 N3] 10 J0AL g 3 57 A 449 o AR X e, A
SR URARTE [ D WA L%, AAREI R AL B #T AR (] 14b3) .

5 g

51 HENRYMERESN=/AMNTREER SIS R

FERAE R T, = 2RI IR = I A 0 I8 R B AL S W37 NS A R H B
2 7 I SBOUTRM I ST AR B AR R 2 57 . W EEE 0BT RV BT & YR T /K
=M, HUTBRE . TURRM R R ITRR A AR AR AE BB 1 7. BEE 4 ViR Yt
W TR IR FATE, ZR=AMEIFERRE (£3) « O=MAMESH=AIREK
HIREE N Z R SR MELIR (Edmonds and Slingerland, 2010; Xuetal., 2022) ; @=ff
TR JE JE Hh AR Sy iy i g b T HZH & (Burpee et al., 2015; Xuetal., 2021) ; @%
T TE R 2 A, SR IE S i R KA e, R E R R A 2 R R — 2 AR Y



WHNT 3P )

M T IE

5 i ol (PR, 2010; 5K B R&%

, 2010; FHRHEEE

,2014),

S LITIE PR R o = A TR LB B S0%PEMR 2 20%; @XRAH T F o0 5 A& A b mE

B YN AT TE 5 A VU Sy 1) B A Fa R A &
A5 R /INAR K, T VL ORAF AR E R AR AR iy, T U 26

UYL EE A B AR S50 2 23 A1 oz B -1 JR—

P, B8R i) R b, 3%

N JRBRANE

8oy,

SR

AR R 59 AR 5E (PR S,
K= LR 2 5 e R R, e J= 08 b B V)R AR 1%

JEFNZE, 2019; AR RESE, 2025) .

R3I ZIRKZAMARBE SRR BT

N bR LRI Ry
SRR IR R CREANSE, 2019);
AT 2038 73 AT 8 N 22 i 38 5 0]
WAL O EE SRRz El . EHRER
2010; RIS, 2019) ¢ DFEM
s>, A T R AR 55 (R

» HLIAT EI 3R

Table3 Comparison of sedimentary architecture and heterogeneity in the three types of shallow-water delta

=viib i ERR DR ERR
=ML EVEE/NIESIN ZARI SR LERN
YU & B3 i b T & S T &
St R % L €S 2l
3L 25 fi& B [
LRI TG A OE
VARIRLIPERE o
EQLENIRIN I3 ifiTSE A T 1 HESTI
PULTIE R R =
50% 30% 20%
Fa AR Lt
BV IE 5
HAFY L TT . i 2 A AR AL & IS 2 e A
130
SR S VIR (= B ik
0] LR & LEON K
T IR AT 2 BE Bk B [
W IEES RN EZRIN EN
BRI 20 A
— PRI, B T4 i E i NREY bl
o
Pz, 4 RPTR R E TA &, ek R R R T I AL, S At
AR R i ~ o - .
55 B8, AR R TN BHES,  AR
MERERE VSR E K H
A R 5 it - - E[BS e ER
A 25 i 2k 5 AR5 )k

52 ANEXBRK=MAiMtEERIE
HAK=MNEZET 2R E T RE SRR R,

=R AN ERIK = A IMUTARAE |

MR 25K = A A 2 R B RFIE S S R AETT 1

AR IR E R
PR R A R IR AR UM R IE AR R E 7, BRIk,



A BB R = M TR L R LR s

B B BRI =AM, HHBIYUIARE N SR oA, Wbk i Rk E
FEE, FRRE VIR GRS, R s PR TS . R ERAET, ATk
Se iR = ANt FEARIE RO ORI . T L AR R TR IRLE TR 2 R
VAT T 308 AR X 5 A 24 TR 3 23 VA TR R AR, I AR AT VU ORAT 56 3 BE R AE = A b
RN ERFTY (ARARRSE, 2008 ARAGESE, 2012; AKi#ES, 2013; 5KIASE, 2023) .

B bR BURK =M, HM bR E R 20 SCRDPARTHORKE, 4 RiiE
R, ETREE T HJE . S REE R B2 W, i ER A AL, AR
PR, AT R R 5T I R TR A S TR R 6 5 47 e 2 T A 80 R = A T S IR A
E T PRI T HER S RRE . 7EREERAET, TR Seid i R R MR T S = A
bR AT, JEARIERD AR WO JERE . DTRRDRL BRI 43 3 55 0V RT3 K 3, it
BEIR T, AT RO R 0 4 Tt 1 A R R L] VI, 228 AR RS 3 ST 1) A ) 2
LR BT RS CRIGEIEE, 2013; TRFTESE, 20M: GRS, 2020; RiLRE,
2021) .

VR B AK = A PNk 2 K SRR AR 0 BEDIR S th 43 B 2 HOIRED 4, b P LA
RN, W REDURRRIE R B R R RIS AR ITE W, HhE 8 M vl i)
AL WISk e EH LS S IRI . ARMPRRAE T, W H R 1R BT 6 € = A AR
BURA, FELEG I RIATIE ] DA TR B L TR, S5 B A R A SR %) 43 T
B REAT S AT (INESE, 20165 TKFISE, 2017; RAEAIZE, 2019; FRIRHESE, 2019).

6 45t

(1) AR IR SR 5 5 B 22 S ] 1 /K = AN ORURRAIE , WD TAR M 2 70 B8
Sig R, RIS RSER . it thee . B R=MMIRTESRE S, 250
WIR Y&, FER D RAES RS . SR, KBRS, 2 REMRER. ~
M. 2idoE, =AMiARsaas s, BEZ 250 =AR BiR=/AMriimEdE
Bb BHERAR. SR, RN T E AR b o S E I R, KA BORE R
N ET i IE B A M AT AL, RO DRBIREZE R, =AM —REZ 100K,
B Ve S = KT B T T E, EARE PER . B, R DR,
THEAR LM FIER IR, BAEZEMECR.

(2) 3PUATE R BHRFAIE TEENRF R ZE R ] 1 =R MR HOK = A UTAR A L 2 3
HY R 2 A ZE A o D B = I AT T R B ), KR T I LE S = AR A RSB P 4



AR 78 5 1T BR AL i 2 45 B3R B3 A 23S 207 3 i e D 58 B ORA 7, P SR — AT AR
—REBVIE SR EBR, HTRTE SRR, MARE KBRS, W HIZ R T 00
B2 T BRI AR . WhYe BT = A L0 P E AR, U ) i W] T AR

AR 73 P RE W 2 R FF eI, EA R IOy i E — DAL G, AT IE A LR,
L R B2 R Ar e B, AERIE B 2 A REIR I SR 2 4, EETeE

BR T AN & o B V8 5T = AN 20 TIRTE 25 i B vy, 3R] I A T YA M, Bl E
25 i T L FL O 22 BB BRCR AT, IR v RE AR E BN R A 11378, 2 A8 k1 IR 5 T K
PR FE IR, AT 30 AR P A T RSO AR T L (0 D0 35 fk J2 308 0 PR 77 7 SR 2 T 38 0 7 2
W&, L.

(3) PR T, =MD IR R R IEA AR R ER . B0 R=/ANM
VIR —HT G2 38 Fr AR O B % 2 P ARSI R gS A  0 1e my O 22 3 AR
RIARAE T U )2, 2 ) 3 B P i o DR o = ARG IR0 g 3 — VT I UZH & 9 LA I
fi)z, PHARLIBVERGE, BT U E TR YR R . Ao P TE R LA | ] UKL SR
B, i 01 AT 2 IR I e R R R D B SR R, AR AR . F e
J5R = F1 IR J5 A V2 JR BR A 3T 1 A o RS 52 S 7 7 TR A i a4 » T T {24 o 1 5
HEfA] 0T 02 YR R ELA B R AN B D, AR R .

SE3Hk (References)

et SR, SRS, A 2016, BFRRIR K = AN TIRNEACRHE XD AR AT AR DRI 2L IV I I X R B 2 e ARk
A PUBABII]. f 5 RIS MR, 37 (6) : 903-914. [Cai Quansheng, Hu Mingyi, Hu Zhonggui, et al. 2016. Sedimentary
evolution and distribution of sand bodics efretrogradational shallow-water delta: A case study from 4th member of the Cretaceous
Quantou Formation in the Lingjiangarea, Songliao Basin[J]. Oil & Gas Geology, 37(6): 903-914.]

BRI, 7597, WRERL, 552021, MK =AINRERD RS B R RIE U LUSE/R 2 M @ AR Sl XS XN BI[T]. RIRSHERE
2¥,32(5): 772-779. [Chen Cheng, Qi Yu, Yu Ziliang, et al. 2021. Seismic identification of superposition relationship of the shallow
water delta channel sand bodies: Case study of Linxing S area in eastern Ordos Basin[J]. Natural Gas Geoscience, 32(5): 772-779.]

REEW, ZEF, B0, 252007, BHEEEHHL REK=AMITBUE R ST, A MEmHSE, 19 (4) : 75-81. [Dai Liming, Li
Jianping, Zhou Xinhuai, et al. 2007. Depositional system of the Neogene shallow water delta in Bohai Sea area[J]. Lithologic
Reservoirs, 19(4): 75-81.]

B, VRN, EBE, 52024, BOK=MIMAIE. RMEM LSk ERERT I DAMERE R Ft K EE— S ph FE M X (R R =T
VAT = BONBIT]. MBS EE, 70 (1) : 330-345. [Feng Huaiwei, Xu Shumei, Wang Jinduo, et al. 2024. Study on shallow water delta
provenance, sandbody architecture and reservoir characteristics: A case of the 2nd member of the Jurassic Sangonghe Formation in
Yongjin—Moxizhuang region, Junggar Basin[J]. Geological Review, 70(1): 330-345.]

AN, R, 5], 52017, HUATERK = AP R SUTRR IR IR FEBUE AL S5 BRI 3 M 1 7 []. M
JREEAR, 91 (9) : 2047-2064. [Feng Wenjie, Wu Shenghe, Zhang Ke, et al. 2017. Depositional process and sedimentary model of
meandering-river shallow delta: Insights from numerical simulation and modern deposition[J]. Acta Geologica Sinica, 91(9):

2047-2064.]



A BB R = M TR L R LR s

fhd, MR, EF, 552015, WIEERAK =M E A E R DUSER 230 G R e K A B AR 58 S 9 [, Rk
2R CHARBIEND 5 46 (11) : 4174-4182. [Fu Jing, Wu Shenghe, Wang Zhe, et al. 2015. Architecture model of shallow-water
delta distributary channel in lake Basin: A case study of the Yanchang Formation outcrops in the eastern margin of Ordos Basin[J].
Journal of Central South University (Science and Technology), 46(11): 4174-4182.]

8%, FhmEME, HORE, %2021 MUY AR -V K = AT AR 70 r R RE A - DAl e i 4ok i A s IX P M 4 81 0.
Ho SRR TR » 40 (3) : 96-108. [Fu Xin, Du Xiaofeng, Guan Dayong, et al. 2021. Application of seismic sedimentology in reservoir
prediction in fluvial to shallow water delta facies: A case study in Guantao Formation from the Penglai A structure area in Bohai
Bay[J]. Bulletin of Geological Science and Technology, 40(3): 96-108.]

FIRH, BAERE, MKW, %2019, 1TSS VIR i AR K = A PN (R 28 L 5 R A RAELT]. IURILIT, 33 (6) : 1163-1173,
1207. [Gao Yang, Hu Xiangyang, Zeng Dagqian, et al. 2019. Sandbody type and distribution characteristics of shallow-water delta in
Shaximiao Formation, Xinchang gas field, West Sichuan[J]. Geoscience, 33(6): 1163-1173, 1207.]

R AR, MEEAE, BRAREA, %2000, FAXT ZEHWISIIE K S MU S) S ER SE[0]. SR, 20 (3) : 305-313. [Han Xiaodong,
Lou Zhanghua, Yao Yanming, et al. 2000. Analysis of the sedimentary dynamic process of the shallow-water lake delta in the
Songliao Basin, Northeast China[J]. Acta Mineralogica Sinica, 20(3): 305-313.]

A, ERE, T, 252009, MR X K8 ZE K = AN TTRURFET]. JURE4R, 27 (6) : 1057-1064. [Han Yonglin,
Wang Chengyu, Wang Haihong, et al. 2009. Sedimentary characteristics of shallow-water deltas in Chang-8 subsection of Yanchang
Formation, Jiyuan area[J]. Acta Sedimentologica Sinica, 27(6): 1057-1064.]

FIIIS, THasR, XIML, 4. 2009. KALIRE R G K = AN TURRVRIE S TR Rl FA XT 70 10 750 % -0 R 30 X 2R DY B Ay 151
[7]. FRAR S, 31 (3) & 13-17. [Hu Mingyi, Ma Yanrong, Liu Xianqgingyet al,\2009. Sedimentary characteristics and mode
of shallow delta in large scale down wrap lacustrine Basin: By taking Quan-4 Formation in Maoxing and aonan region in Songliao
Basin for example[J]. Journal of Oil and Gas Technology, 31(3): 13-17.]

RS, PR, KT H. 2013, F5 Ak b s T R v R B e 2 — BORK = A A TR S0 T]. AR, 15 (5) = 729-740.
[Ji Youliang, Lu Huan, Liu Yurui. 2013. Sedimentary model 0f shallow water delta and beach bar in the member 1 of Paleogene
Funing Formation in Gaoyou Sag, Subei Basin[J]. Journal.of Palacdgeography, 15(5): 729-740.]

TR, MKW, EARM, 52014, KPSHT- B & AL R — i 4 ok = Ml EH 2t 0], B EA M RE S ™ (B4
B2k , 38 (6) : 9-17. [Jia Zhenzhen, Lin Chengyan, Dong Chunmei, et al. 2014. Shallow delta reservoir architecture analysis on
Putaohua oil Formation in Shengping oilfield[J]. Journal of China University of Petroleum, 38(6): 9-17.]

kR, B, FUCE, 52017, RUREEAETHE RG] T EK S AN R R B DA T AR A A T R R Sk
B, A ZEHR, 19 (4)/:\ 609622 fFai Hongfei, Qin Zhi, Wang Hongjun, et al. 2017. Development pattern of shallow-water
delta and sandbodies under confrol of high-frequency base-level cycles: A case study of the Cretaceous Quantou Formation in Fuyu
oilfield, Songliao Basin[J]. Journal of Palacogeography, 19(4): 609-622.]

AR, TR, R, 252023, HRK A PNFEARHE L TR A& M ST RS 2 LA g B RONBI[T]. MU A2, 58(4): 1340-1353.
[Li Jianping, Liu Ziyu, Chen Ying, et al. 2023. Basic characteristics, Formation conditions and depositional models of shallow water
deltas: A case study of Neogene in Bohai Sea[J]. Chinese Journal of Geology, 58(4): 1340-1353.]

A, BRUME, MR, 52011, SRR S MG GG 8 BUR /K = MU Ab A B K oy A aX[T]. BB TR %24 (ESREL
R) » 38 (2) : 132-139. [Li Jie, Chen Hongde, Lin Liangbiao, et al. 2011. Genesis and distribution pattern of shallow water delta
sandbodies in member 8 of Lower Shihezi Formation in the northwest of Ordos Basin[J]. Journal of Chengdu University of
Technology (Science & Technology Edition), 38(2): 132-139.]

PR, B, MEER, 552013, SRR 20T A AR X K8 K =M IS AR R [T]. RAATHUERRLAE, 24 (6) = 1102-1108. [Li
Shutong, Wang Qi, Zhong Jia’ai, et al. 2013. The genesis of sandbody in the shallow delta from Chang 8 of Jiyuan area in Ordos
Baisn[J]. Natural Gas Geoscience, 24(6): 1102-1108.]

BV, RMH REER, 452013, FATLEHUAR Y BRI B R B 2 G AR Sk R AR TR K = A INTARARAE B IR A [T]. e Hb o
#%, 19 (1) : 23-31. [Li Yang, Zhu Xiaomin, Song Yingqi, et al. 2013. Sedimentary characteristics and evolution of shallow-water

delta of the Lower Cretaceous Fuyu reservoir in the Yushulin Oil[J]. Geological Journal of China Universities, 19(1): 23-31.]



IR A N ol

U, SKICAR, AW, 52019, SRR 2 AN b =8 g K A 1 BOURRAR R /K = A I VU & R[], T B 2
%, 21 (5) : 757-766. [Li Yuan, Zhang Yuanfu, Wang Tong, et al. 2019. Sedimentary facies of the member 1 of the Upper Triassic
Yanchang Formation in Zizhou area of Ordos Basin and the development of mouth bar in shallow-water delta[J]. Journal of
Palacogeography (Chinese Edition), 21(5): 757-766.]

ZICR, XhE, FEE, 252009, K% WAL =SS A K 8 ZE AL K = A I URRAAE S R b (0], i
B4R, 11 (3) : 265-274. [Li Yuanhao, Liu Chiyang, Du Yuguo, et al. 2009. Sedimentary characteristics of shallow water delta and
lake shoreline control on sandbodies of Chang 8 oil-bearing interval of the Upper Triassic Yanchang Formation in northwestern
Ordos Basin[J]. Journal of Palacogeography, 11(3): 265-274.]

XHYE, FPER, HRIRAE, 452025, WIGR K = MUHN—B9 MR R BURIE:  DAARE (U1 [ i 26 i BV IR A U [D]. iR
2@, 10 (3) : 430-445. [Liu Changni, Wu Shenghe, Xu Zhenhua, et al. 2025. Architectural characteristics of shallow water
delta-offshore beach-bar system in lacustrine Basin: Taking the Shahejie Formation of Shengtuo oilfield, Dongying Sag as an
example[J]. Petroleum Science Bulletin, 10(3): 430-445.]

XUFHAR, BRHR, ARERWI, 4. 2021. SR/RZ AP AR HE X =8 RIE A IRIK = AR R RHIE K B E R BRI T]. Al B4R 57
%, 48 (1) : 106-117. [Liu Hanlin, Qiu Zhen, Xu Liming, et al. 2021. Distribution of shallow water delta sand bodies and the genesis
of thick layer sand bodies of the Triassic Yanchang Formation, Longdong area, Ordos Basin[J]. Petroleum Exploration and
Development, 48(1): 106-117.]

KB, AN, e, 5. 2018, J1ITG M ¢k 2 1H 1Bt 2 e /K = A MDA 23 A RALE 5 B B[], Al 5 R, 39 (6):
1164-1178. [Liu Junlong, Sun Dongsheng, Ji Youliang, et al. 2018. Distribution charaeteristics and superimposition pattern of the
Late Jurassic shallow water deltic sand body in the foreland Basin of western Sichuan Depression[J]. Oil & Gas Geology, 39(6):
1164-1178.]

XUMLL, RAndl, 27, 25 2009. J1]H Hb X 200 B — A0S Bk K = M PURR R AE 545 [0]. BLACHR , 23 (4): 667-675. [Liu Liuhong,
Zhu Rukai, Luo Ping, et al. 2009. Characteristics and depositional models for the shallow-water deltas of the 5th-6th interval,
Xujiahe Formation, Upper Triassic in Central Sichuan Basin, China[J]. Geoscience, 23(4): 667-675.]

R, BF, R, 552022, K= M MHTS AR RIS IR 3 DUR PR E b L = X B4 w2 9 0]
A A, 34 (1) : 1-13. [Liu Zongbao, Li Xue, Zheng Renghua, et al. 2022. Sedimentary characteristics and models of shallow
water delta front subfacies reservoirs: A case study of Sapugao oil layer in north- [I block of Sabei oilfield, Daqing placanticline[J].
Lithologic Reservoirs, 34(1): 1-13.]

PEEAE, SR, SERME, S 1999. HIOA %S T U Sx K = A MU IR iRt e . DU 2L 3R 4R DX 4 1T 2
BT, HbFE AR, 73 (1) 4 \83-92. fLewZhanghua, Lan Xiang, Lu Qingmei, et al. 1999. Controls of the topography, climate and
lake level fluctuation on the depositienal environment of a shallow-water delta: A case study of the Cretaceous Putaohua reservoir in
the northern part of Songliao Basin[J]. Acta Geologica Sinica, 73(1): 83-92.]

TOAR R, fRyRME, REEM, . ZA0IREIT ARG N K = A PR R A ST AR AE [J/OL]. YiAR “E 4R, 1-23[2025-09-13].
https://doi.org/10.14027/j.issn.1000-0550.2024.091. [Ma Fukang, Xu Zhenhua, Wu Shenghe, et al. Sedimentary characteristics of
the bar fingers in a shallow delta under seasonal lake level changes[J/OL]. Acta Sedimentologica Sinica, 1-23[2025-09-13].
https://doi.org/10.14027/j.issn.1000-0550.2024.091.]

ZiER, ELM, AR, 52020 WK M INETS AR UTEURAE TR R DA F MR ) 3430 X B R BON
B[] JURLZEHE, 38 (2) : 429-439. [Qin Runsen, Yue Honglin, Zhou Fengjun, et al. 2020. Characteristics and sedimentary models
of sheet sand in shallow lacustrine fluvial-dominated delta front: A case study from Lower member of Minghuazhen Formation in
BZ34 area, Huanghekou Sag[J]. Acta Sedimentologica Sinica, 38(2): 429-439.]

KEE, FLKE, 5K%A, 5. 2024, TR RRK = APNTIRRAE TR . DL /R 2 I 3 K g X 0k 2 R 55 d 4 N[, A
RIS, 45 (5) : 1275-1288. [Song Fan, Kong Qingyuan, Zhang Xuecai, et al. 2024. Sedimentary characteristics and
models of shallow-water deltas in arid settings: A case study of the Jurassic Qigu Formation in the Yongjin area within the

hinterland of the Junggar Basin[J]. Oil & Gas Geology, 45(5): 1275-1288.]



A BB R = M TR L R LR s

T, BEEnL, R4, 552016, IR 4R K = MAPNUTRRRIE STk : DAHERSS /R S0 B BE R IS X ) GBS 4 oA BII]. ot
2R, 34 (1) : 129-136. [Sun Jing, Xue Jingjing, Wu Haisheng, et al. 2016. Distal fine-grain shallow-water delta sedimentary

characteristics and evolution: A case from Badaowan Formation in the central Junggar Basin[J]. Acta Sedimentologica Sinica, 34(1):
129-136.]

IO, AR, ZELAR, 252010, FAIT 7 = 5 (U 4 A6 2 5 K = A TR [T]. MR 2EdR, 84 (10) : 1502-1509.
[Sun Yu, Ma Shizhong, Jiang Hongfu, et al. 2010. Sedimentary mode of shallow lacustrine fluvial-dominated delta of putaohua
reservoirs in the Sanzhao Depression, Songliao Basin[J]. Acta Geologica Sinica, 84(10): 1502-1509.]

ETE, THAE, 20, 5 2024 K= AP GEE TUUAT 76 DR I Gk i g i ok 2t X SR DY BOMBII]. S E LR
22224, 53(3): 564-584. [Wang Yuheng, Yu Fusheng, Li Zhongcheng, et al. 2024. Shallow-water deltaic facies-controlled reservoir
prediction study: A case study of the Quantou Formation in the Da’an area of the Central Depression, Songliao Basin[J]. Journal of
China University of Mining & Technology, 53(3): 564-584.]

SRPERT, fRIRAE, X% 2019, WHEHK = APMUTRRBIT]. A 2A4R, 21 (2) : 202-215. [Wu Shenghe, Xu Zhenhua, Liu Zhao.
2019. Depositional architecture of fluvial-dominated shoal water delta[J]. Journal of Palacogeography (Chinese Edition), 21(2):
202-215.]

AR, R, XIE], 552019, K =AM SARIRED WU BURFAE . LIS S bl e BZ2S ih BT 2R AL B4~ BOMAIT].
FH B 5 &, 46(2) : 322-333. [Xu Zhenhua, Wu Shenghe, Liu Zhao, et al. 2019. Sandbody architecture of the bar finger within
shoal water delta front: Insights from the Lower member of Minghuazhen Formation, Neogene, Bohai BZ25 oilfield, Bohai Bay
Basin, East China[J]. Petroleum Exploration and Development, 46(2): 322-333.]

AR, BT, SR, 252024, 45K = MM AT ARV I GTA A L 5 T TR T]. bR 2E4R, 26 (6) = 1338-1351. [Xu
Zhenhua, Deng Hang, Wu Shenghe, et al. 2024. Depositional architecture and formative mechanism of dendritic bars within
river-dominated shallow-water delta front[J]. Journal of Palacogeography (Chinese Edition), 26(6): 1338-1351.]

b, A, SEEE, 52025 TRAMGE R TR HEEROKSAMITREN: DESILH X HE RIF4EK AN B[], BHEE:
A5 T, 25(13): 5316-5329. [Yang Qinchao, Zhang Fi, Dou"Luxing, et al. 2025. Sedimentary evolution of seasonal shallow water
delta in arid climate: A case study of the Paleogene SuweiyiFotmation in Tabei area[J]. Science Technology and Engineering,
25(13): 5316-5329.]

WfiE, SPERT, BR&ST, 252024, VEMIMIFEIEHS IR K = M NT R 2 S JUAG B T]. B2 4R, 26 (3) : 525-544. [Yang
Zheng, Wu Shenghe, Duan Dongping, et al. 2024. Architecture characteristics of distributary channels in shallow water delta plain of
the Huagang Formation in Xihu Sag, Bast China Sea[J]. Journal of Palacogeography (Chinese Edition), 26(3): 525-544.]

G, AT, XWRE, 55 2004 HFSEAAHEE )\l X tH K = M MR J IRBEAG[T]. MU 4R, 98 (2) = 494-510.
[Yi Dinghong, Shi Yajun, Liu Jinfeng, et'al. 2024. Provenance analysis and sedimentary evolution of Oligocene shallow water delta
in the Nanbaxian area, northern Qaidam Basin[J]. Acta Geologica Sinica, 98(2): 494-510.]

FORZS, IRER, Ak, %2014, SEA= MM —FHRERIOERAK S MINI]. HFT2EHR, 88 (2) : 263-272. [Yin Taiju, Zhang
Changmin, Zhu Yongjin, et al. 2014. Overlapping delta: A new special type of delta formed by overlapped lobes[J]. Acta Geologica
Sinica, 88(2): 263-272.]

RR, FILLSE, BAEAR, 4. 2021, HFERIFRIBAK = M TR S A KA [T]. 4 Ml e, 33 (1D : 1-11. [Yuan Xuanjun,
Zhou Hongying, Zhang Zhijie, et al. 2021. Depositional features and growth pattern of large shallow-water deltas in Depression
Basin[J]. Lithologic Reservoirs, 33(1): 1-11.]

TRE R, FERZE, Rk, . 2010. HAK=MIMIBLI]. YIFA %A%, 28 (5) : 933-944. [Zhang Changmin, Yin Taiju, Zhu Yongjin,
et al. 2010. Shallow-water deltas and models[J]. Acta Sedimentologica Sinica, 28(5): 933-944.]

TKF, BEEAR, M, 52017, HOKE MRS R R TBE R DURAIL G R R 22 X A R R kR A — BONBI]. A
IR 5 K, 44 (5) : 727-736. [Zhang Li, Bao Zhidong, Lin Yanbo, et al. 2017. Genetic types and sedimentary model of sandbodies
in a shallow-water delta: A case study of the first member of Cretaceous Yaojia Formation in Qian'an area, south of Songliao Basin,

NE China[J]. Petroleum Exploration and Development, 44(5): 727-736.]



IR A N ol

KA, BHLSE, LG, & 2023, T FMRELGHEOK =M MTTRRAE S TR R DATFHE AR 300 e Sl F R b L ZE VI 2051 ).
YIRZEH, 41 (3) : 839-854. [Zhang Pei, Qian Qihao, Jiang Mingzhong, et al. 2023. Depositional Characteristics and Sedimentary
Model of a Shallow-water Delta at the Lake Margin in an Arid Climate: A case study based on the VI oil zone of the Lower
Youshashan Formation, Gaskule oilfield, Qinghai[J]. Acta Sedimentologica Sinica, 41(3): 839-854.]

TR, O, 2T, 55 2014, MU UTAR IR ST Hre K = M AT SR IR R RORFE[T]. DURR AR, 32(2) : 260-269. [Zhang Xintao,
Zhou Xinhuai, Li Jianping, et al. 2014. Unconfined flow deposits in front sandbodies of shallow water deltaic distributary systems[J].
Acta Sedimentologica Sinica, 32(2): 260-269.]

KT, FEHZ, KRFHE, 552024 WHEIESREHURIERE T MG T ORZ Gk =M MpTANE L 2 B3R D], AEAR, 26(3):
567-583. [Zhu Qing, Liu Shenggian, Zhu Xueqing, et al. 2024. Sedimentary evolution and main controlling factors of shallow water
delta of the Lower Jurassic in Dongdaohaizi Sag, Junggar Basin[J]. Journal of Palacogeography (Chinese Edition), 26(3): 567-583.]

RAH XI8E, 7P, 452012, KBS A K = f T B AR AR AT AR . DURA I 23t = 26 M R Pk R B D9 I []. M R
%%, 19(1): 89-99. [Zhu Xiaomin, Liu Yuan, Fang Qing, et al. 2012. Formation and sedimentary model of shallow delta in large-scale
lake. Example from Cretaceous Quantou Formation in Sanzhao Sag, Songliao Basin[J]. Earth Science Frontiers, 19(1): 89-99.]

RAHG WoR, BREE, 452013, WIRHAK =ML B 5204 M 0] PR AR C(AARIEERD 5 37 (5) « 7-14.
[Zhu Xiaomin, Pan Rong, Zhao Dongna, et al. 2013. Formation and development of shallow-water deltas in lacustrine Basin and
typical case analyses[J]. Journal of China University of Petroleum, 37(5): 7-14.]

RARER, W, WG, 452023, fET A ] R AR W D K = A NI R SEET A AT (0], A ER AR, 25 (5) : 959-975.
[Zhu Xiaomin, Ye Lei, Xie Shuanghui, et al. 2023. Sedimentary models and” case~study of sand-rich shallow-water delta in
continental lacustrine basins with low accommodation[J]. Journal of Palacogeography(Chinese Edition), 25(5): 959-975.]

gkt KER, FR2E 2013, B UK = MMPTBRME - SUTREILT]. O BAHER, 32 (3D : 59-65. [Zhu Yongjin, Zhang
Changmin, Yin Taiju. 2013. Characteristics of superimposed shallow-lacustrine delta and its experimental simulation[J]. Geological
Science and Technology Information, 32(3): 59-65.]

AR, BASCR, TROSBH, . 2008. K AT I3 P I L IR = AW I 7 R O DA IO T S A A [J]. BT 2E3R, 82 (6) : 813-825.
[Zou Caineng, Zhao Wenzhi, Zhang Xingyang, et al. 2008. Fernfation and distribution of shallow-water deltas and central-Basin
sandbodies in large open Depression lake basins[J]. Acta Geoldgica Sinica, 82(6): 813-825.]

Burpee A P, Slingerland R L, Edmonds D A, et al. 2015. Grain-size controls on the morphology and internal geometry of river-dominated
deltas[J]. Journal of Sedimentary Research, 85(6): 699-714.

Caldwell R L, Edmonds D A. 2014. TFheffects of sediment properties on deltaic processes and morphologies: a numerical modeling
study[J]. Journal of Geophysical Research-Earth Surface, 119(5): 961-982.

Edmonds D A, Slingerland R L. 2010. Sigaificant effect of sediment cohesion on delta morphology[J]. Nature Geoscience, 3(2): 105-109.

Feng W J, Gao F X, Zhang C M, et al. 2025. Sedimentary architecture of a sandy braided river: Insights from a flume experiment[J].
Petroleum Science, 22(1): 16-28.

Klausen T G, Torland J A, Eide C H, et al. 2018. Clinoform development and topset evolution in a mud - rich delta - the Middle
Triassic Kobbe Formation, norwegian barents sea[J]. Sedimentology, 65(4): 1132-1169.

Xu Z H, Wu S H, Yue D L, et al. 2021. Effects of upstream conditions on digitate shallow-water delta morphology[J]. Marine and
Petroleum Geology, 134: 105333.

Xu Z H, Plink-Bjorklund P, Wu S H, et al. 2022. Sinuous bar fingers of digitate shallow - water deltas: Insights into their formative
processes and deposits from integrating morphological and sedimentological studies with mathematical modelling[J]. Sedimentology,

69(2): 724-749.



AT BUE R TR K = AT 2 A i 1k

Numerical Simulation for Understanding Sedimentary
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Abstract: [Objective] Shallow-water deltas are widely distributed in petroliferous basins. They can be classified
into three categories based on their sediment composition: sand-rich, mixed sand-mud, and mud-rich, all of which
exhibit significant differences in geomorphology, depositional characteristics, sedimentary architecture and
sediment heterogeneity. [Methods] This study employed sedimentary numerical simulation technology to
reproduce the depositional evolution processes of the three types of deltas. Their sedimentary architecture and
grain size models were reconstructed from the simulated depositionaltintetfaces and grain size data. Subsequently,
from a detailed analysis of the evolutionary processes, sedimentary architéetural models for shallow-water deltas
were established and the characteristics of sedimentary heterogeneity within this model framework were elucidated.
[Results and Conclusions | (1) The sediment supply ratio is a crucial influencing factor in deltaic depositional
evolution, as it determines the sedimentation rate and_erosion resistance of channel margins. On this basis, the
evolution and ultimately the resultant architecture, and<heterogeneity are determined. (2) As the sand-to-mud ratio
decreases, distributary channels exhibit reduced quarititys hierarchical complexity and areal proportion, as well as
increased sinuosity, greater stability, diminished lateral migration capacity, and a transition from lateral
migration-dominated filling to abandonment-dominated filling. (3) Sand-dominated deltas typically exhibit lobate
or triangular shapes, with extenSiyely developed distributary channels forming multistage, radial patterns. They
frequently display lateral miigrationy characteristics. Sandy-muddy deltas manifest as multi-fingered, branching
forms with fewer distributary channels that are primarily controlled by trunk distributary channels with
multi-directional bifurcations at their termini, creating multiple laterally amalgamated finger-like bar assemblages.
Mud-rich deltas possess few distributary channels, being characterized by the development of narrow, sinuous,
belt-like trunk distributary channels lacking lateral accretion features. These channels are predominantly infilled
with muddy sediments following avulsion and abandonment. (4) Sand-rich deltas show near-continuous sand
distribution with downstream fining. Coarsest grains occur in trunk channels, with finer grains in mouth bars,
yielding weak planar heterogeneity but strong vertical heterogeneity due to multi-stage lateral/progradational
fine-grained interbeds. Sandy-muddy deltas exhibit broad-banded sand bodies with coarse-grained reservoirs in
trunk channels and mouth bars, weak planar heterogeneity, and strong vertical heterogeneity from muddy interbeds.
Mud-rich deltas display strong planar heterogeneity, with reservoirs being restricted to mouth-bar cores that are

laterally isolated by muddy channels, with weak vertical heterogeneity resulting from multi-stage muddy interbeds.
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