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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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Table 1 Simulation boundary conditions

SO POEH SO BOEH
RS/ (A-xA>) 650%400 WU T48 8/ (kg/m®) 1600
BAT R R/ (mxm ) 25%25 PRI T4 i/ (kg/m’) 500
B XA/ (kmxkm ) 16.25x10 FEADS 1] 254 fmin 0.2
HEZK TR T8 B /m 250 TURBHb AR 1 o B8] 254K /min 120
WG HEAK I K R /m 4.0 S A R 350
MR L (s ) 1000 A REESHU (1/1) 175
WK AKAE Im 0 JEEIARKEJE -Chezy {H/(m"/s) ,UFIV 45,45
NC300 300 AR T MR (2 R A (1/1) 0.25
WU R /um NC150 150 TKPIRFEFR AU (m™s) 0.001
NC80 80 TUBUR RS ki % T BR/m 0.05
COHO9 0.9 TR ) 0.02
BRI/ (mm/s) COHO15 0.15 S [ /min 60
COHO05 0.05 TURWH /NS /m 0.1
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Table 2 Sediment supply and bedform sediment thickness
R Run 1 Run 2 Run 3
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HER TR 5 6 % 10% 50% 90%
Ve BRI ST YIE J)/Pa 0.25 1.75 3.25
TUBIIE R A (kg/m®) 0.1 0.1 0.1
JRRTURR YR EE S /m 20 20 20
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W) NC150 0.036 0.02 0.004
JUBW LR i /(kg/m®) NC80 0.036 0.02 0.004
COHO09 0.004 0.02 0.036
eV RiTwiaL 7] COHO15 0.004 0.02 0.036
COHO05 0.002 0.01 0.018
NC300 3.6 2 0.4
R NC150 7.2 4 0.8
JEARTUAR) I EE /m Nes0 72 ! 0%
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PRI COHO15 0.8 4 7.2
COH005 0.4 2 3.6
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Fig.3  Topographical features of the simulated deltas
(al-a4) Run 1, sand-rich delta, Indforms in simulation steps 50, 150, 250, 350; (b1-b4) Run 2, sand-mud delta, landforms in simulation steps 50, 150, 250, 350; (c1-c4) Run 3,

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

mud-rich delta, landforms in simulation steps 50, 150, 250, 350
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Distribution characteristics of distributary channel networks in the simulated deltas
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(c-f) sedimentary architecture and sediment grain size distribution of partial short sections in section L-R
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Abstract: [Objective ] Shallow-water deltas are widely observed in petroliferous basins and can form large-scale hy-

drocarbon reservoirs. Based on the relative proportions of mud and sand in their deposits, they can be classified into

three types—sand-rich, sand-mud, and mud-rich deltas—whose geomorphological expression, depositional charac-
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teristics, sedimentary architecture, and sediment heterogeneity differ substantially. At present, systematic research
on these three types of shallow-water deltas remains limited, which has severely constrained the efficient exploration
and development of oil and gas resources.[ Methods ] This study employed sedimentary numerical simulation technol-
ogy to reproduce the depositional evolution processes of the three types of deltas. Their sedimentary architecture and
grain size models were reconstructed from the simulated depositional interfaces and grain size data. Subsequently,
from a detailed analysis of the evolutionary processes, sedimentary architectural models for shallow-water deltas were
established and the characteristics of sedimentary heterogeneity within this model framework were elucidated. [ Re-
sults and Conclusions ] (1) The sediment supply ratio is a crucial influencing factor in deltaic depositional evolu-
tion, 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 quantity, hierarchical complexity and areal proportion, as well as increased sin-
uosity, greater stability, diminished lateral migration capacity, and a transition from lateral migration-dominated fill-
ing to abandonment-dominated filling. (3) Sand-dominated deltas typically exhibit lobate or triangular shapes, with
extensively developed distributary channels forming multistage, radial patterns. They frequently display lateral migra-
tion characteristics. Sand-mud 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, creat-
ing 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 ac-
cretion features. These channels are predominantly infilled with muddy sediments following avulsion and abandon-
ment. (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. Sand-mud deltas exhibit broad-banded sand bodies
with coarse-grained reservoirs in trunk channels and mouth bars, weak planar heterogeneity, and strong vertical het-
erogeneity from muddy interbeds. Mud-rich deltas display strong planar heterogeneity, with reservoirs being restrict-
ed to mouth-bar cores that are laterally isolated by muddy channels, with weak vertical heterogeneity resulting from
multi-stage muddy interbeds.

Key words: shallow-water delta; sand-to-mud ratio; sedimentary architecture; sedimentary heterogeneity;
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