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Bl VR R KRGS T = AL KA SR B ¥ (38 Muto et al.l41h)
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Fig.1 Design of tank experiment to model a delta prograding into a basin with changing water depth in the
transverse direction (after Muto et al.[*1)
(a) wedge-shaped platform with 30<central angle in a tank with a horizontal base and two vertical walls at 90 =forming a basin which is
divided by the platform into a shallow water part above the platform and a deep-water part away from the platform. Sediment-laden flow
is supplied from the corner of the walls at constant discharge (sediment supply rate Qs and water supply rate Qy); (b) channel activity

recorded as the azimuth position of the channel mouth relative to the delta apex
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Fig.2 Design and results of three experiments with different basin water depths (see details in reference [41])
(a) in run A, water depth is uniform; in run B, water in the central one-third is shallower than at either side; in run C, water in the central

one-third is deeper than at either side; (b) images of experiments at completion; (c) channel mouth trajectories relative to delta apex

(modified according to experiment data)
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Fig.3 Model of delta progradation from shallow to very deep water (see modeling details in reference [31])

() plan view; (b) profile in dip direction
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Fig.4 Model of a delta prograding from a shallow water region to very deep water region.
The channel migrated frequently in the shallow water region, then stabilized after prograding to the very deep water. The red curves are

horizontal laser beams
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Fig.5 Trajectories of channel mouth relative to delta apex
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Fig.6 A simple basin model for grade index

K7 T 6 P i T e 8 S R AKIR IR R
B4 i iR BT o' =0; Wiz N o'=1; KEMERRPFEL R Firfa sl
Fig.7 Relationship between Gindex and dimensionless basin water depth for model in Fig. 6

Red curve is for o’=0, blue curve for a”=1, and grey curve for the difference in Gnex for these two cases
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Table 1 Relationship between grade index and morphodynamic parameters of the delta
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Fig.8 Trajectories of channel mouth relative to delta apex from experiments with different basin water depths
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(a—f) runs 1-6 with water depths 1 cm, 2.5 cm, 5 cm, 10 cm, 20 cm, +oo, respectively. Run 6 (virtually infinite water depth) taken partly

from Fig. 5 for 10 000 s onward (details from reference [31])

RIEAK (2, 3D, BALH Gingex WA IRGE LIRS HOT . HRAR B, WSS 1 3
LI 5, BEEKEIMAK, Gindex B& IR (K9, HAELL 6, Gindex =0, 7MRIIELF] (L
) 7P, SRR . REIRHNE, Ginex BR 1 5K by PERIE a. A
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AR (AR 2, 3D o BIPILIIIE I Gindex [EXF R = Y4253 79 50.0~70.0 cm., 40.0~70.0 cm. 45.0~60.0 cm. 50.0~60.0 cm.
50.0~55.0 cm
Fig.9 Gindex Of the five model deltas (runs 1-5, Fig. 8)
for delta plain radius x = 50.0~70.0 cm, 40.0~70.0 cm, 45.0~60.0 cm, 50.0~60.0 cm, and 50.0~55.0 cm, respectively. The figure refers

only to the model in Fig. 6, in which Gingex is related to delta size (Eq. (2b))
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Fig.10 Gindex-based theoretical and measured values of main morphodynamic parameters
(a) progradational rate; (b) aggradational rate; (c) channel migration rate; (d) period of channel avulsion. The theoretical morphodynamic

parameters calculated from Table 1 and Egs. (5)-(8). The value of Q in Eq. (7) was approximately 10, based on experiment!%,
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Fig.11 Geographical context and sedimentary characteristics of the Yellow River delta
(a) satellite image; (b) map of Yellow River deltaic avulsions 1855-1930 [46-47]; (c) bathymetric contours contiguous to Yellow River

delta (experimental details in reference [31])
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Fig.12 Grade index of the Yellow River delta and Liwu River delta (from the model in Fig. 6)
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Table 2 Comparison of Gindex-based theoretical values and recorded values of the progradation rate, aggradation

rate and avulsion timescale for the Yellow River delta
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Fig.13 Geographical context and sedimentary properties of Liwu River delta
(a) location; (b) digital elevation model (DEM) showing three terrace landforms in the Liwu River delta; (c) bathymetric data ahead of the
delta from British Oceanographic Data Centre indicates maximum delta front depth of 400 m; (d) data from Google Earth indicates

maximum depth of 800 m. Both values were used to calculate Gincex. (See [31] for details)
3.3 FEHERRENFMRYE

PAE SR TP TR B8, BRI Bas B UTARY A 3 O TR — = AR R A THAR
JERIRIARIE o b B —= A R o TR o B LU s R 2%, UK ERIF AN ST
A 73 PE (O E— PRI 3R o AR AT RE R T AR ) 70 T ) A0 8 1 P AT RE 5 ST~ 1 B A 5 S P i
I 22 o



RS PEHRERRK . oK =M SR 22 7

FE N, B T A 18 KRR R TR 70 B AR S sk 2 Ab I A HAR R R i
KR ESCER R Rl AE R SE 2 (IO 70 BCAE TR R T8 i A 1) 73 i) T8 3%
EPEENTSCb oL SR, BREHAIBOR . W . IR A BB R 1 X )T
R, I TR TR0 I B = A A &, P i ) o3 PR T s T RE K T 5K
bt it. flan, X Tk s, HoP#iadoRin 1, fRamiliE@issitt. (5 Clarke (¢
R KR S B0 %1, e AR RS T 42 73300, B4R A TTRR W e 6 d i S5 At H o
FUBRARZR, PR R I T3 R OR AR IR A - Swensont>H 3@ i BB IDUIE B 1 B8 5] 1
X YT BRE 1 o, TR A UTAR R 2R 1R IR 20 AN PR AAE A PR, X TR 232
VY MR = F N LAV TE R A LB AR e S0, I e VAT 1 X LR R B A R
TRPIFEME . BEAh, ASSTRHE -1 Fa B AL 50 25 e T B 2, P B
AT R SRR IR S 2 P S — AN PR 3R T80,

g, PURPIRES . DURMIVERT . REARRR L S D R AR R R RS S 1 . SERRIESK
BEIUTR I PR A L /NS TR KK T, BT SRS S MR SR iR
AIRTEA 7y CInJe BUNTRL . B E0 55 « =M T IR R A B R BRI 6 3 1k Y o 22
PRIROZ), tbah, ARiARY) & R 2, WY RELET F OB R IR YE, B RT e Ui
73 S A R T o

BRI =N R & 52 LR 26 A E3 G R S8 T TR SO R B T o BR K IR 2 A
At PR ZR 5 = AN ITCRR A 20 BE AN 2 T3 35 S A RO, 3 3R 55 A e KR PR 2 R R
WA R HEAT LU, R DAGI R KR DS 2R AR, AT Tl 132 355 B ot JH Al PR 3R AR 3 — 3 R AL
=,

S

4 2k

(1) ZEHOIKGAE HAG DTRRYILE = A PN K B35 KR 3653 73 BO R Ee g, k42 i) 73 i
TTE RSB KRR, B2 TR IR TK b, - iE RSB ATE, IR
A RTRE . 5130, AHUKIRERR, BE TR T KT, miiEsieE; HE2K
PRIRBNTE T3 R QU TCIEAET] F X HERRD , BT VT e 1 Rk R TR R B TR T KR
IHIEAE PR B AR BIBE IR ER], e ER . DRI B AN B P AR AS

(2) “PHTFEECEAY v] DL e 53R 08 Bt 7K R = A R 22 JURR P 1R 43 B R0 403 1] T 3
PERIERIER . FETHREEL (Gingex) & ORI A UTARYLE = A1 N B b 30 23 73 e i) A AR
SYURM A R, BT 0~1 Z K TEENEAE . Gingex MEHLT 0, RHIVIM



IRk

YIHERE L1 70 BEARXT D, Il R ORI R BRI ARG SE s 2 Gindex = 0, R IR IRIZ K1
TIBRWIRBIR T R&ZE, ik 2R, sCE L, =MIMERK N . &
1 Gindex BIFEIE T 1, RUIVIRWILERE BRI ECARXTE S, 30 R OR824
ARERE; 2 Gindex = 1, RUFIFHAZ KK TRV BIIR TR L, X RF w1 -
(3) =MMEZRBINAN 1S, WA AR IR ] R R Al IE R
FASE, 2yml OB PR EoE ERIE . — I, “FEfaoR SR yix st 3izh 75+
b aE( CCRENMBBIIESH0 5 51— T, RESs) =SB H S E BT bl
PR AT SR, JHMEAER S, BT T I = AN R e P fe G, W
W DR L R TN AR T = A I I A R
(4) P FE SO R AT 1) A T /KR B — PR 30T = AT S sl 1A R AR “ ok o
T E AR =AM BT R AL BE— 2D = AR RS V12 2 IR
HAGSEREXTLE, A7 B TR BR IR Z A A At TR 308 = A1 I M 3538 23 ) 52
Bt RO B A KM K S Tetsuji Muto #4284 I 2 P 69 K I 504, Rl B AR STIR 3T
—HFFRITEHEGFLRABRALELER HBEFRHIZTPREGZTEL, Mt
Y P AR K

£33k (References)

[1] Fisk H N, Kolb C R, McFarlan E, et al. Sedimentary framework of the modern Mississippi delta[J]. Journal of Sedimentary Research,
1954, 24(2): 76-99.

[2] Postma G. An analysis of the variation in delta architecture[J]. Terra Nova, 1990, 2(2): 124-130.

[3] Porebski S J, Steel R J. Deltas and sea-level change[J]. Journal of Sedimentary Research, 2006, 76(3): 390-403.

[4] Edmonds D A, Shaw J B, Mohrig D. Topset-dominated deltas: A new model for river delta stratigraphy[J]. Geology, 2011, 39(12):
1175-1178.

[5] RMEFR, F K77, WA, & WA DR BT R T R[], b3 A4k, 2021, 23 (2) : 245-262. [Wu Shenghe, Yue Dali,
Feng Wenjie, et al. Research progress of depositional architecture of clastic systems[J]. Journal of Palaeogeography, 2021, 23(2):
245-262.]

[6] FhRt, JreAse, 2, S5 W ASERIT K TR A S P[], AR S K, 2015, 42 (2) = 129-136. [Sun Longde,
Fang Chaoliang, Li Feng, et al. Innovations and challenges of sedimentology in oil and gas exploration and development[J]. Petroleum
Exploration and Development, 2015, 42(2): 129-136.]

[7] Al BhORRE FgR, 55 EESmREHIIRR EEER[I]. AR5 IFR, 2016, 43 (5) : 820-829. [Zhu Xiaomin,
Zhong Dakang, Yuan Xuanjun, et al. Development of sedimentary geology of petroliferous Basins in China[J]. Petroleum Exploration
and Development, 2016, 43(5): 820-829.]

[8] RAEFN, FRRAE, X%, S HK = MMNPTAM R[], a4k, 2019, 21 (2) : 202-215. [Wu Shenghe, Xu Zhenhua, Liu
Zhao. Depositional architecture of fluvial-dominated shoal water delta[J]. Journal of Palaeogeography, 2019, 21(2): 202-215.]

[9] FrR%, ZEI, KER, & ISR =AMITRIARTEASRAE: DUR S AE R A0 0] A KRB, 2012,
34 (10) : 1-7. [Yin Taiju, Li Xuanyue, Zhang Changmin, et al. Sandbody shape of modern shallow lake Basin delta sediments: By taking

Dongting lake and Poyang lake for example[J]. Journal of Oil and Gas Technology, 2012, 34(10): 1-7.]



RS PEHRERRK . oK =M SR 22 7

[10] FhIEMS, FEBOR, Z=rbitd, . ERPHIEIEK = Mo SOMIE S ATRE]. A MU, 2015, 27 (5) : 144-148. [Sun Tingbin,
Guo Dianbin, Li Zhongchao, et al. Distribution characteristics of branch channel of shallow delta in Poyang Lake[J]. Lithologic
Reservoirs, 2015, 27(5): 144-148.]
[11] sk BR, FRZE, Kk, . HK=AMPIBELRD]. TR, 2010, 28 (5) : 933-944. [Zhang Changmin, Yin Taiju, Zhu
Yongjin, et al. Shallow-water deltas and models[J]. Acta Sedimentologica Sinica, 2010, 28(5): 933-944.]
[12] RikfR, MY, KER, 55 HFEEIE KRR = MMTTBRAE 5 KRA[]. & MM, 2021, 33 (1) @ 1-11.[Yuan
Xuanjun, Zhou Hongying, Zhang Zhijie, et al. Depositional features and growth pattern of large shallow-water deltas in Depression
Basin[J]. Lithologic Reservoirs, 2021, 33(1): 1-11.]
[13] 4B fE, BSCHE, FKMEA, &5 KAL) M Ao K =Ml S WP ORI RS 20 A [0]. Hufsi<#3i, 2008, 82 (6) :
813-825. [Zou Caineng, Zhaon Wenzhi, Zhang Xingyang, et al. Formation and distribution of shallow-water deltas and central-Basin
Sandbodies in large open Depression lake Basins[J]. Acta Geologica Sinica, 2008, 82(6): 813-825.]
[14] m&EH, ANE, #3008, & RKEANEIE A KSR 54 RIRAR 540 LAERBHTSEL = M) SR, 2016,
30 (2) : 341-352. [Gao Zhiyong, Zhou Chuanmin, Dong Wentong, et al. Sedimentary processes, depositional model and sandbody
prediction of lacustrine shallow water delta: A case study of Ganjiang river delta in Poyang lake[J]. Geoscience, 2016, 30(2): 341-352.]
[15] ¥, SMEF, kAT, S5 dA K =AU R SUTBEEER T DIRUE FREUE A LS BARTTR 20 MR R[] M
Fi%#4%, 2017, 91 (9) : 2047-2064. [Feng Wenjie, Wu Shenghe, Zhang Ke, et al. Depositional process and sedimentary model of
meandering-river shallow delta: Insights from numerical simulation and modern deposition[J]. Acta Geologica Sinica, 2017, 91(9):
2047-2064.]
[16] 5, FHR2E, REE, 5 RARKE=AMEE MUY BB 73] BrsdahibsT, 2017, 38 (3) : 253-263.
[Tang Yong, Yin Taiju, Qin Jianhua, et al. Development of large-scale shallow-water fan delta: Sedimentary laboratory simulation and
experiments[J]. Xinjiang Petroleum Geology, 2017, 38(3): 253-263.]
[17] FKHR, O, R, & BRI S g Bk = MM S @ 29 5[], YU 2k, 2014, 32 (2) : 260-269. [Zhang
Xintao, Zhou Xinhuai, Li Jianping, et al. Unconfined flow deposits in front Sandbodies of shallow water deltaic distributary systems[J].
Acta Sedimentologica Sinica, 2014, 32(2): 260-269.]
[18] Shl, FHARAS, RIWIF. 0T K = 20 RIS BN S 40 [0]. HhERFL A, 2017, 42 (11) : 2095-2104. [Zeng
Can, Yin Taiju, Song Yakai. Experimental on numerical simulation of the impact of lake level plane fluctuation on shallow water delta[J].
Earth Science, 2017, 42(11): 2095-2104.]
[19] AN, IR, AREEER, 45 AWK =AM SR B b 0], KR4, 2018, 49 (5) : 549-560. [Bai Yuchuan,
Hu Xiao, Xu Haijue, et al. Experimental analysis of the Formation process of lacustrine shallow-water delta[J]. Journal of Hydraulic
Engineering, 2018, 49(5): 549-560.]
[20] 3555, XURT @&, 4B 6E, 5. EPHER/AK=MMNPIRE R =4Ee & IESEALI]. EkRHE. S EHR K34, 2013, 38
(5) : 1005-1013. [Huang Xiu, Liu Keyu, Zou Caineng, et al. Forward stratigraphic modelling of the depositional process and evolution
of shallow water deltas in the Poyang lake, southern China[J]. Earth Science: Journal of China University of Geosciences, 2013, 38(5):
1005-1013.]
[21] xUsAk, DR, 4REeW], 45, SB/R 2 M G A X = B ARG IR/ = F N ARFAE S B B AR R 0], AR 571 %,
2021, 48 (1) : 106-117. [Liu Hanlin, Qiu Zhen, Xu Liming, et al. 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, 2021,
48(1): 106-117.]
[22] 0o, BEdhdn, RIGA, . . ARAHEOK = MMPTRIRAE STk DA /R B30 S R X )\ TEVE 48 B[], ol
R4k, 2016, 34 (1) : 129-136. [Sun Jing, Xue Jingjing, Wu Haisheng, et al. Distal fine-grain shallow-water delta sedimentary
characteristics and evolution: A case from Badaowan Formation in the central Junggar Basin[J]. Acta Sedimentologica Sinica, 2016,
34(1): 129-136.]
[23] fRIRME, RMER, X8, & K= MAPMNATSIRIRI WG BURRAE: LARREETE 25 iis BZ25 iih HBE R WL N BOA ]
iR S &, 2019, 46 (2) : 322-333. [Xu Zhenhua, Wu Shenghe, Liu Zhao, et al. Sandbody architecture of the bar finger within



IRk

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, 2019, 46(2): 322-333.]

[24] BFWY, RWAK, TRHEY, . MR ZP-T RS Gk = MR A R M E R AR R B ). PERRE: HoAR
Bl2#, 2016, 46 (7) : 737-756. [Fang Yanan, Wu Chaodong, Wang Yizhe, et al. Lower to Middle Jurassic shallow-water delta types in
the southern Junggar Basin and implications for the tectonic and climate[J]. Scientia Sinica Technologica, 2016, 46(7): 737-756.]

[25] SR AF55T, RE S, S5 KT REWI G K HRRI = A ARSI S DL /R 22 i st Bl AR b XSO0 I 3] 3t
2EHI%%, 2013, 20 (2) : 19-28. [Zhu Xiaomin, Deng Xiugin, Liu Ziliang, et al. Sedimentary characteristics and model of shallow braided
delta in large-scale lacustrine: An example from Triassic Yanchang Formation in Ordos Basin[J]. Earth Science Frontiers, 2013, 20(2):
19-28]

[26] A, SKSU, iR, 5. WEWRAZHORE R =AM TTRRHED]. AS KRS, 2008, 29 (2) : 244-251.
[Zhu Xiaomin, Zhang Yina, Yang Junsheng, et al. Sedimentary characteristics of the shallow Jurassic braided river delta, the Junggar
Basin[J]. Oil & Gas Geology, 2008, 29(2): 244-251.]

[27] U, THE, EXNE, 5 WRZIEME KA K 8 Bak/K = MM R MRHIEL]. RARERFL Y, 2021, 32 (1) - 57-72.
[Li Yuan, Ding Xiong, Wang Xingzhi, et al. Structural characteristics of sand bodies in shallow-water deltas in the Chang 8 member of
Yanchang Formation, Ordos Basin[J]. Natural Gas Geoscience, 2021, 32(1): 57-72.]

[28] %&4=7t, WML, #AEBt, 55 RFBLROK = AMPTTRNE L RE R AR SR AT DI AL SR v X R B 4 3k
HIUBONBII]. AihS KRR, 2016, 37 (6) : 903-914. [Cai Quansheng, Hu Mingyi, Hu Zhonggui, et al. Sedimentary evolution
and distribution of sand bodies of retrogradational shallow-water delta: A case study from 4th member of the Cretaceous Quantou
Formation in the Lingjiang area, Songliao Basin[J]. Oil & Gas Geology, 2016, 37(6): 903-914.]

[29] Carlson B, Piliouras A, Muto T, et al. Control of Basin water depth on channel morphology and autogenic timescales in deltaic
systems[J]. Journal of Sedimentary Research, 2018, 88(9): 1026-1039.

[30] Olariu C, Bhattacharya J P. Terminal distributary channels and delta front architecture of river-dominated delta systems[J]. Journal
of Sedimentary Research, 2006, 76(2): 212-233.

[31] Wang J H, Muto T, Urata K, et al. Morphodynamics of river deltas in response to different Basin water depths: An experimental
examination of the grade index model[J]. Geophysical Research Letters, 2019, 46(10): 5265-5273.

[32] ML, SCENI, 4840, 5. SRR 2 M@ P R i X 4 8 il BB K = AN TTRVRHET]. HuBRBLS:: o B LSR5, 2013,
38 (6) : 1289-1298. [Diao Fan, Wen Zhigang, Zou Huayao, et al. Sedimentary characteristics of shallow-water deltas in Chang 8
oil-bearing interval in eastern Gansu, Ordos Basin[J]. Earth Science: Journal of China University of Geosciences, 2013, 38(6):
1289-1298.]

[33] A, &b, Wk, & NHIEERKEAINTITBURHE KSR R 42853 77 % LARE R 4-3 X AR ZBOBI[]. DR R,

2019, 37 (5) : 1079-1086. [Li Yanze, Wang Zhikun, Shang Lin, et al. Study on sedimentary characteristics of shallow-water deltas and
isochronous stratigraphic framework: An example of Ed, of 4-3 zone of Nanpu oilfield[J]. Acta Sedimentologica Sinica, 2019, 37(5):
1079-1086.]

[34] Zesh, Rk, Rk, . FREMMERMEHEK =AML SIE-ICIE 0] hEREHE, 2017, 42 (11) : 2081-2094.
[Qin Yi, Zhu Shifa, Zhu Xiaomin, et al. Shallow water delta sedimentation and source-to-sink process in the south slope belt, Dongying
Sag[J]. Earth Science, 2017, 42(11): 2081-2094.]

[35] MRl MG, AZENE, & WIRMERAK =AM RIE R 5 R EHR: BLI5FH Muglad 3 Fula [V Jake HiX AG ZH
RG] AihEdk, 2016, 37 (12) : 1508-1517. [Chen Cheng, Zhu Yixiang, Shi Junhui, et al. The forming process and development
pattern of shallow water delta in fault Depression lacustrian Basin: A case study of AG Formation in the Jake area in Fula Sag, Muglad
Basin, Sudan[J]. Acta Petrolei Sinica, 2016, 37(12): 1508-1517.]

[36] FrRZE, BKEBR, Sk, % SEA=MM: —FRRRMEK=AMOL HRZEIR, 2014, 88 (2) : 263-272. [Yin Taiju,
Zhang Changmin, Zhu Yongjin, et al. Overlapping delta: A new special type of delta formed by overlapped lobes[J]. Acta Geologica
Sinica, 2014, 88(2): 263-272.]



FERIEE: FHTHRERREGRK . K = AR 2 5

[37] XIESE, WhJ7, RGEL S HOK=MIMBTTERE RS B R SL B T[], 45 RAR T, 2015, 36 (4) @ 596-604. [Liu
Ziliang, Shen Fang, Zhu Xiaomin, et al. Progress of shallow-water delta research and a case study of continental lake Basin[J]. Oil & Gas
Geology, 2015, 36(4): 596-604.]

[38] ki, SKER, FAR%. BENAHK=AMITRRAL S FOREHI[]. TR, 2013, 32 (3) : 59-65. [Zhu Yongjin,
Zhang Changmin, Yin Taiju. Characteristics of superimposed shallow-lacustrine delta and its experimental simulation[J]. Geological
Science and Technology Information, 2013, 32(3): 59-65.]

[39] Muto T, Furubayashi R, Tomer A, et al. Planform evolution of deltas with graded alluvial topsets: Insights from three-dimensional
tank experiments, geometric considerations and field applications[J]. Sedimentology, 2016, 63(7): 2158-2189.

[40] Jerolmack D J, Mohrig D. Conditions for branching in depositional rivers[J]. Geology, 2007, 35(5): 463-466.

[41] Muto T, Miao H, Parker G. How do deltas respond as they prograde over bathymetry that varies in the transverse direction?: Results
of tank experiments[C]//Proceedings of the 7th IAHR symposium of river, coastal and estuarine morphodynamics. Beijing: Tsinghua
University Press, 2011: 563-577.

[42] ERIE, AR, PRI (TR ARP]. 5 HEE224], 2023, 25 (5) : 1011-1031. [Wang Junhui, Xian Benzhong. Revisiting
the concept of alluvial river grade[J]. Journal of Palaeogeography, 2023, 25(5): 1011-1031.]

[43] Kim Y, Kim W, Cheong D, et al. Piping coarse-grained sediment to a deep water fan through a shelf-edge delta bypass channel:
Tank experiments[J]. Journal of Geophysical Research: Earth Surface, 2013, 118(4): 2279-2291.

[44] Jiang C, Pan S Q, Chen S L. Recent morphological changes of the Yellow River (Huanghe) submerged delta: Causes and
environmental implications[J]. Geomorphology, 2017, 293: 93-107.

[45] Saito Y, Wei H L, Zhou Y Q, et al. Delta progradation and Chenier Formation in the Huanghe (Yellow River) Delta, China[J].
Journal of Asian Earth Sciences, 2000, 18(4): 489-497.

[46] JEZKE, m)45F. BTN NS : LA D) SR ARIE[J]. W9 5W09E , 1979, 10(2): 136-141. [Pang Jiazhen, Si Shuheng. The estuary
changes of Huanghe river. I. Changes in modern time[J]. Oceanologia et Limnologia Sinica, 1979, 10(2): 136-141.]

[47] Ganti V, Chu Z X, Lamb M P, et al. Testing morphodynamic controls on the location and frequency of river avulsions on fans versus
deltas: Huanghe (Yellow River), China[J]. Geophysical Research Letters, 2014, 41(22): 7882-7890.

[48] Milliman J D, Meade R H. World-wide delivery of river sediment to the oceans[J]. The Journal of Geology, 1983, 91(1): 1-21.

[49] Lamb M P, Nittrouer J A, Mohrig D, et al. Backwater and river plume controls on scour upstream of river mouths: Implications for
fluvio-deltaic morphodynamics[J]. Journal of Geophysical Research: Earth Surface, 2012, 117(F1): F01002.

[50] F5e, T IR H IR 2 n ik e A 54 [J]. MR RBHE IR, 2024, 43 (1) : 150-159. [Wang Xianyan, Yu Yang. Progress
in fluvial geomorphology and trend: A brief review[J]. Bulletin of Geological Science and Technology, 2024, 43(1): 150-159.]

[61] M#HZE. GERMEER, & - B M] GAe: GEH CE A%, 1957 423-424. [Lin Chaogi. The Taiwan
topography[M]. Taiwan: Literature Committee of Taiwan, 1957: 1-423.]

[52] Paola C, Heller R L, Angevine C L. The large-scale dynamics of grain-size variation in alluvial Basins, 1: Theory[J]. Basin Research,
1992, 4(2): 73-90.

[53] Clarke L, Quine T A, Nicholas A. An experimental investigation of autogenic behaviour during alluvial fan evolution[J].
Geomorphology, 2010, 115(3/4): 278-285.

[54] Swenson J B. Relative importance of fluvial input and wave energy in controlling the timescale for distributary-channel avulsion[J].
Geophysical Research Letters, 2005, 32(23): L23404.

[55] Geleynse N, Storms J E A, Walstra D J R, et al. Controls on river delta Formation; insights from numerical modeling[J]. Earth and
Planetary Science Letters, 2011, 302(1/2): 217-226.

[56] Gugliotta M, Saito Y. Matching trends in channel width, sinuosity, and depth along the fluvial to marine transition zone of
tide-dominated river deltas: The need for a revision of depositional and hydraulic models[J]. Earth-Science Reviews, 2019, 191: 93-113.
[57] Muto T, Wang J H. Autogenic shrinkage and channel destabilization of an overexpanded downstream alluvial system under steady

rise of relative sea level: An experimental study[J]. Earth and Planetary Science Letters, 2024, 637: 118722.



IRk

[58] Chadwick A J, Steele S, Silvestre J, et al. Effect of sea-level change on river avulsions and stratigraphy for an experimental lowland
delta[J]. Journal of Geophysical Research: Earth Surface, 2022, 127(7): e2021JF006422.

[59] Martin J, Sheets B, Paola C, et al. Influence of steady base-level rise on channel mobility, shoreline migration, and scaling properties
of a cohesive experimental delta[J]. Journal of Geophysical Research: Earth Surface, 2009, 114(F3): F03017, doi:
10.1029/2008JF001142.

[60] Muto T, Wang J H. Autogenic shrinkage and channel destabilization of an overexpanded downstream alluvial system under steady
rise of relative sea level: An experimental study[J]. Earth and Planetary Science Letters, 2024, 637:118722.

[61] Powell E J, Kim W, Muto T. Varying discharge controls on timescales of autogenic storage and release processes in fluvio-deltaic
environments: Tank experiments[J]. Journal of Geophysical Research: Earth Surface, 2012, 117(F2): FO02011, doi:
10.1029/2011JF002097.

[62] Hoyal D C J D, Sheets B A. Morphodynamic evolution of experimental cohesive deltas[J]. Journal of Geophysical Research: Earth
Surface, 2009, 114(F2): F02009, doi: 10.1029/2007JF000882.

[63] van Dijk W M, van de Lageweg W I, Kleinhans M G. Formation of a cohesive floodplain in a dynamic experimental meandering
river[J]. Earth Surface Processes and Landforms, 2013, 38(13): 1550-1565.

[64] Lauzon R, Murray A B. Comparing the cohesive effects of mud and vegetation on delta evolution[J]. Geophysical Research Letters,
2018, 45(19): 10437-10445.

[65] Tal M, Paola C. Effects of vegetation on channel morphodynamics: Results and insights from laboratory experiments[J]. Earth

Surface Processes and Landforms, 2010, 35(9): 1014-1028.
[66] Straub K M, Paola C, Mohrig D, et al. Compensational stacking of channelized sedimentary deposits[J]. Journal of Sedimentary
Research, 2009, 79(9): 673-688.

Principal Differences  Between Deep-water  and
Shallow-water Delta Landforms: An Interpretation by the
Grade Index Model

WANG Junhui*?, ZHANG Wei'?, LI Li*? XIAN Benzhong'?, ZHOU Yuan'?

1. State Key Laboratory of Petroleum Resources and Engineering, China University of Petroleum (Beijing), Beijing
102249, China

2. College of Geosciences, China University of Petroleum (Beijing), Beijing 102249, China

Abstract: [Objectives] Recent research suggests that the basin water depth governs the morphodynamics of
deltas that formed at the basin margin, because water depth affects the amount of subaerial and subaqueous
sediment that are deposited. Shallow-water deltas contain more sediment than deep-water deltas in the subaerial
region. As a result, aggradation of distributary channels takes place more rapidly in shallow-water deltas, making
the channel more active in terms of migration and avulsion. The grade index (Gindex) model is proposed to
quantitively illustrate this process. [Methods] This study elaborates the origin, theoretical modeling, experimental
validation and application of the grade index model, and discusses its limitations. In this context, grade refers to
the state of a river stream in which sedimentary material is all transported by the river flow without net deposition
or erosion taking place. The grade index is defined as the ratio of the volume of sediment allocated subaerially to
the total volume of sediment input in per unit time. By this definition, Gindex is a dimensionless number between 0
(no deposition subaerially) and 1 (complete deposition subaerially). [Results] Theoretical analyses confirm a
negative relationship between Gindex and water depth. It is also related to the geometry of the delta (e.g., delta plain

radius, topset slope and foreset slope). In basins with deeper water, Gindex — 0, which means that decreasing
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volumes of sediment are deposited subaerially per unit time, forming a more stable channel that approaches the
equilibrium condition or ‘state of grade’ of the alluvial river, when neither erosion nor deposition takes place.
Conversely, Gindex — 1 for deltas developed in shallower water basins, and the delta plain becomes increasingly
unstable. The value of Gindex reflects basic morphodynamic parameters of the delta (e.g., rates of progradation,
aggradation and channel migration, and the timescale of channel avulsion). Each of these parameters can be
calculated as the product or quotient between Gingex and their counterparts obtained with negligibly small basin
water depth, while the former is determined by the delta’s geometrical parameters and basin water depth and the
latter is determined by the delta’s geometrical parameters and total sediment supply rate. This means that for a
particular deltaic system with specific geometrical parameters, sediment supply rate and basin water depth, it has
theoretical values for the grade index and geomorphodynamic parameters, both of which can be calculated. This
speculation was verified by tank experiment. The Gindex model is derived from the global mass balance of the
deltaic system. Local and/or tentative depositional, erosional and dispersal processes (e.g., backwater effect and
coastal processes including waves, tides and longshore currents, as well as effects unrelated to the depositional
system (vegetation and/or anthropogenic processes)) were not considered. [Conclusion] The grade index model
isolates the effect of basin water depth from other variables in describing delta morphodynamics, and reveals the
principal differences between the formation of deep-water and shallow-water delta landforms. It also goes some
way toward explaining the influence of factors other than water depth. The model has the potential for general
application to modern alluvial-deltaic systems. Its application to ancient systems has yet to be explored.

Keywords: Delta; water depth; morphodynamics; grade index; tank experiment



