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Fig.1 Scatter plot of the fold height, width, and spacing in multiple deepwater fold belts worldwide; effective
height indicates the height of the front fold that allows the crossover of the turbidity current
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Fig.2 Model Design

(a) Model 1 (benchmark model), fold height is 200 m, width is 4 km, separation is 4 km, and initial turbidity flow velocity is 7 m/s; (b)
Model 2, fold height is reduced to 100 m, other parameters remain unchanged; (c) Model 3, fold height is increased to 300 m, other
parameters remain unchanged; (d) Model 4, fold separation is reduced to 2 km, other parameters remain unchanged; (¢) Model 5, fold width
increased to 6 km, other parameters remain unchanged; (f) Model 6, turbidity initial flow velocity reduced to 4.5 m/s, other parameters

remain unchanged; the red-highlighted portion represents test parameters that differ from the benchmark model.
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Table 1 Parameters of the models

BRRFS FRBF R km FASIRE /M FYLAIEE/ km FRATIRFE/ms™
1 (EEERED 4 200 4 7
2 4 100 4 7
3 4 300 4 7
4 4 200 2 7
5 6 200 4 7
6 4 200 4 45

®2 LRPARMPEMEESH

Table 2 Other parameters in the numerical simulations
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(Bl 3a), Wtk BRI BN EERIRT K-H 3, eRhmm i i m (55 i
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Fig.3 Cross-Sectional View of Turbidity Current Hydrodynamics in Model 1
(a) Cross-sectional view of suspended sediment concentration in turbidity current at 1 200 s, showing the initiation of reverse underflow by
the first fold; (b) Cross-sectional view of turbidity current velocity at 1 200 s; (c) Cross-sectional view of suspended sediment concentration
in turbidity current at 1 950 s, indicating the initiation of reverse underflow ahead of the second fold; (d) Cross-sectional view of turbidity
current velocity at 1 950 s; (e) Cross-sectional view of suspended sediment concentration in turbidity current at 4 900 s, showing the

formation of a stable internal interface between the two folds; (f) Cross-sectional view of turbidity current velocity at 4 900 s.
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Fig.4 Variation of Froude Number and Flow Velocity of the Turbidity Current in Model 1
(a) Time series plot of the Froude number for the turbidity current parent flow; (b) Line chart of the Froude number of the turbidity current
parent flow at different time points; (c) Time series plot of fluid velocity at a height of 16 m above the seabed, approximately at the location

of maximum reverse underflow velocity; (d) Line chart of fluid velocity at a height of 16 m above the seabed at different time points

K5 AR 1 AP eIt o T
(a) JRIFLFE 10 000 m 4bBIVES — SRR 45 S AIAL AR LTI &), (2 ELAE B 3 ANIE] 4b bt (b) JIALYE 10 500 m AbEER
— ARG I 1/4 Y AR AR RN, LB AR 3RIIE 4d Hrbn
Fig.5 Velocity Profile of Turbidity Current in Model 1
(a) Velocity profile of turbidity current at 10 000 m, at the foot of the slope after the first fold; (b) Velocity profile of Turbidity current at 10

500 m, on the 1/4 slope surface after the first fold. Profile location is indicated in Figs.3f and 4d
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Fig.6 Time Series Plot of Sediment Distribution in Model 1
(a) Time series plot of sediment thickness; (b) Time series plot of the percentage of fine sand sediment relative to total sediment; (c) Time
series plot of the percentage of very fine sediment relative to total sediment; (d) Time series plot of the percentage of silt sediment relative

to total sediment
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Fig.7 Cross-Sections of Hydrodynamic State of Turbidity Current in Model 2
(a) Cross-sectional plot of sediment concentration in turbidity current at 4 900 s; (b) Cross-sectional plot of flow velocity in turbidity current
at 4 900 s; (c) Cross-sectional plot of sediment concentration in turbidity current at 9 850 s; (d) Cross-sectional plot of flow velocity in

turbidity current at 9 850 s
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Fig.8 Variation of Froude Number and Flow Velocity of Turbidity Current in Model 2

(a) Time series plot of the Froude number of the turbidity current parent flow; (b) Line chart of the Froude number of the turbidity current

parent flow at different time points; (c) Time series plot of fluid velocity at a height of 16 m above the seabed; (d) Line chart of fluid velocity

at a height of 16 m above the seabed at different time points
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Fig.9 Time Series Plot of Sediment Distribution in Model 2
(a) Time series plot of sediment thickness; (b) Time series plot of the percentage of fine sand sediment relative to total sediment; (c) Time

series plot of the percentage of very fine sediment relative to total sediment; (d) Time series plot of the percentage of silt sediment relative

to total sediment



UL 4

PEJURTEE, R 3 rh RS LA 3] 300 me SRR 1 AHEL, 58— MR AT IS B 1 1) i
W5 s AR A AR T T, I AR A R B4 7 500 m, 13 ]
MR LB K A B (B 10b, d)o R84 AT 51 Ao B o A4 A8 5
JEIEL, AU 18 my/s HOWREFE R 5 my/s, I ST DXCBCE 2 4 R K 1, A TSI A
IR ERURE 0.2 (B 11D BRILREG A H B DI IR BE AR 3%~4%,  FF [FIAF HH B4R
3, JBEPRIE A 150~200 m (18 10). 4Pk B4 —ANEGLAT, P 5] (380 A IR AU —
ARG, SIS 180 m, VHEIA-15 m/s, I bR 2 55— AN R A8 U T 4
fRIAL, T LG I, XA WA B — R AR L BERCCE S BRI AR ST 2 K K B, A
G SR AR A SR (B 10, Bl 11a, b, d)o Ml ruid LG, SR ZUERSh 1 BEHA
Frsemia s SR (& 10b, d). BRIEPINREAIUR B0, SRl RARIEFRIZL, fEREST
2 000 m AL E HBUKERILR, RG22 500 m. (HAE 120min J5, AR REG5Y

M T 7 A SR Bk, A as 3 N, R HAERADKER (& 10d. B 11a),

10 FEAY 3 it K SRSk 14
(a) 55 4 900 s (PRl EFE IR AT AL (b) 28 4 900 s (A AR B (¢ 28 9 850 s [t S AR IR FE AT
El; (d) 559 850 s I it dL A I ]
Fig.10 Cross-Sections of Hydrodynamic State of Turbidity Current in Model 3
(a) Cross-sectional plot of sediment concentration in turbidity current at 4 900 s; (b) Cross-sectional plot of flow velocity in turbidity current
at 4 900 s; (c) Cross-sectional plot of sediment concentration in turbidity current at 9 850 s; (d) Cross-sectional plot of flow velocity in

turbidity current at 9850 s.
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Fig.11 Variation of Froude Number and Flow Velocity of the Turbidity Current in Model 3
(a) Time series plot of the Froude number of the turbidity current parent flow; (b) Line chart of the Froude number of the turbidity current
parent flow at different time points; (c) Time series plot of fluid velocity at a height of 16 m above the seabed; (d) Line chart of fluid velocity

at a height of 16 meters above the seabed at different time points
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Fig.12 Time Series Plot of Sediment Distribution in Model 3
(a) Time series plot of sediment thickness; (b) Time series plot of the percentage of fine sand sediment relative to total sediment; (c) Time
series plot of the percentage of very fine sediment relative to total sediment; (d) Time series plot of the percentage of silt sediment relative

to total sediment
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Fig.13 Cross-Sections of Hydrodynamic State of Turbidity Current in Model 4
(a) Cross-sectional plot of sediment concentration in turbidity current at 4 900 s; (b) Cross-sectional plot of flow velocity in turbidity current
at 4 900 s; (c) Cross-sectional plot of sediment concentration in turbidity current at 9 850 s; (d) Cross-sectional plot of flow velocity in

turbidity current at 9 850 s
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Fig.14 Variation of Froude Number and Flow Velocity of Turbidity Current in Model 4
(a) Time series plot of the Froude number of the turbidity current parent flow; (b) Line chart of the Froude number of the turbidity current
parent flow at different time points; (c) Time series plot of fluid velocity at a height of 16 m above the seabed; (d) Line chart of fluid velocity

at a height of 16 m above the seabed at different time points
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Fig.15 Time Series Plot of Sediment Distribution in Model 4
(a) Time series plot of sediment thickness; (b) Time series plot of the percentage of fine sand sediment relative to total sediment; (c) Time
series plot of the percentage of very fine sediment relative to total sediment; (d) Time series plot of the percentage of silt sediment relative

to total sediment.
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Fig.16 Cross-Sections of Hydrodynamic State of Turbidity Current in Model 5
(a) Cross-sectional plot of sediment concentration in turbidity current at 4 900 s; (b) Cross-sectional plot of flow velocity in turbidity current
at 4 900 s; (c) Cross-sectional plot of sediment concentration in turbidity current at 9 850 s; (d) Cross-sectional plot of flow velocity in

turbidity current at 9 850 s
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Fig.17 Variation of Froude Number and Flow Velocity of Turbidity Current in Model 5
(a) Time series plot of the Froude number of the turbidity current parent flow; (b) Line chart of the Froude number of the turbidity current

parent flow at different time points; (c¢) Time series plot of fluid velocity at a height of 16 m above the seabed; (d) Line chart of fluid velocity

at a height of 16 m above the seabed at different time points

K18 BB 5 TR o3 A i 18] 2 51 1
(a) PURIIE LRSI P (b) AHED TR & BT O & 43 EU RIS T PR A1 (o) ARATRY o B iR B 4 L i)
AL (D KUt & Bra DR E 4 B ] 7 4 ]
Fig.18 Time Series Plot of Sediment Distribution in model 5
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(a) Time series plot of sediment thickness; (b) Time series plot of the percentage of fine sand sediment relative to total sediment; (c) Time
series plot of the percentage of very fine sediment relative to total sediment; (d) Time series plot of the percentage of silt sediment relative

(0 total sediment
2.5 HRAIAIREIEFEIER (EE 6)

PR 6 A T B SR L ML 7 m/s BR R 4.5 mys, REAIEAS SEER L M. 45
RN, MM K DB JE RS, D SRR | AT, R A A A
1, fEH— AR TUEAE 10~16 m/s Z 18], 7EER 5 — B 4% 2 J5 (K9 b A e it
20 m/s (& 20c, d)o i WER—MRESGEN A 1 ) IR AN IS iR (B 19), X1
TR FIFERS A TR AL 1 o 390 e JEOR S5 008 s 9E, L R T3t BRI i B 4% (K Bl e A0
P HT 2T, W ER A B AR T 4900 m 247 R Tk, 1H)_RiRsh R Bl B K
FAERL 11 4300 me LA PR ) SIS IR A THAE-8 H10-12 m/s Z A1, T S5 I 8 404 14 308 1 JE IRt A i
W AR TR 1, £E0F-2m/s 210 (B20c, d)o P RFAL 32 I35 137 1 BLAS T A A2 7K BR
AN 1.7 FEE] 0.3, B E/NTHI 1 (B 20a, b)o 55—/ MFEGLAG A F R
MR T T SRR I, 0 SRR P A R PR B SRR 1 [ 3000m A5 A, BEALEIE
ARG K AEKER, B35 1850 2.5 81 0.3, FR(RIRAE S LARE (19, Kl 20a, b).
SR 1 A E R R T OO R RSO, B TR AR, R IR S Ui
Tk, 7E 140 min BRI FFUR BB, 1650 5 HIVTR I B R JE A B 30 m (&

DN
3 e

3.1 JHIRXS 2 EARAR R 7K B T30

FEHZOR MR IV T R 380 R i K TR H AR 3E R, B R i
BIEOLHI AR S . E AU S — MR N, AHTTEE Howlett er al PO B ALL
SEASARL,  [RIRE R 3 AR IR0 AT P AT LA 3 T R A o EL o A G 78 4 348 )
Howlett et al. PO 7t s R By — R SR A RIS [ IR, AR iR, L3R
BN A ELLAELL PR, X5 5 S0 % 45 R DS A R ARE B 4 B Sk A5 A
5t e 2 — B2,



19 HEHL 6 i /K IR A48 P
(a) 54900 s FIMIEIETIRIIR AT K (b) 25 4 900 s R EATIE; () 55 9 850 s MR EIF-DIB IR L AT
Bl (d) 589 850 s By itk A T ]
Fig.19 Cross-Sections of Hydrodynamic State of Turbidity Current in Model 6
(a) Cross-sectional plot of sediment concentration in turbidity current at 4 900 s; (b) Cross-sectional plot of flow velocity in turbidity current
at 4 900 s; (c) Cross-sectional plot of sediment concentration in turbidity current at 9 850 s; (d) Cross-sectional plot of flow velocity in

turbidity current at 9 850 s
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Fig.20 Variation of Froude Number and Flow Velocity of Turbidity Current in Model 5
(a) Time series plot of the Froude number of the turbidity current parent flow; (b) Line chart of the Froude number of the turbidity current
parent flow at different time points; (c) Time series plot of fluid velocity at a height of 16 m above the seabed; (d) Line chart of fluid velocity

at a height of 16 m above the seabed at different time points
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Fig.21 Time Series Plot of Sediment Distribution in Model 6
(a) Time series plot of sediment thickness; (b) Time series plot of the percentage of fine sand sediment relative to total sediment; (c) Time
series plot of the percentage of very fine sediment relative to total sediment; (d) Time series plot of the percentage of silt sediment relative

(o total sediment
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Fig.22 Response of Turbidity Current to Folds with Different Heights and Gradients
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Fig.23 Illustration of Downstream Propagation of Type B Reverse Internal Waves
(a) Cross-sectional velocity field plot between the two folds in model 4, showing reverse under waves detaching from the parent flow and
propagating downstream; (b) Time series of flow velocities of reverse under waves between the two folds and on the stoss side of the second

fold in Model 4, llustrating the downstream propagation and increased frequency of reverse under waves on the stoss side of folds
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Fig.24 Variation of turbidity current flow velocity and sediment concentration with topographic relief in the
deepwater fold belt of the Niger Delta

The vertical width of the yellow and purple areas depicts sediment concentration of the turbidity current and the height depicts its flow

velocity. Pink areas A, B, C, F and G denote anticlines!'4]
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Abstract: [Objective] Continental margins often develop fold and thrust belts, which have a major control over
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deep-water deposition processes, such as turbidity currents. These structures play a crucial role in shaping the
seafloor and influencing sediment transport and deposition patterns. However, due to the difficulties in obtaining
relevant geological data and conducting field measurements of turbidity currents, quantitative research on the
hydraulic and depositional responses of turbidity currents to multi-segment folds is largely understudied. [Methods]
In this study, computational fluid dynamics (CFD) and the finite volume method (FVM) were used to conduct a two-
dimensional numerical simulation study on the hydraulic and depositional responses of turbidity currents to multi-
segment parallel folds. Using the Flow-3D software and the Reynolds-Averaged Navier-Stokes (RANS) equations,
six simulation experiments were designed by systematically varying fold morphology parameters (width, height, and
spacing) and initial turbidity flow velocity. These parameters are based on in situ observations and physical flume
experiments to ensure realistic input conditions. [Results and Conclusions] The research results show that: (1)
under the influence of multi-segment parallel folds, reverse flows develop at the bottom of the turbidity current,
including upstream-propagating reverse underflows generated by the blockage of the folds and downstream-
propagating reverse under waves arising from perturbations after the turbidity current flows over the folds. (2) The
propagation distance, velocity, and scale of the underflow reflect the extent to which the turbidity current is disturbed
by the folds. By comparing the reverse flows, the turbidity current is shown to experience more severe disturbances
at the back row folds than at the front row folds. This suggests that the spatial arrangement of the folds plays a critical
role in modulating the flow dynamics and sedimentation patterns of turbidity currents. (3) The depocenters of
turbidity currents on folded morphologies are primarily distributed on the upstream-facing slopes and in front of the
folds, forming overlapping strata and gradually fining upstream. The deposition of turbidity currents is controlled
both by the morphology of the folds and the hydraulic conditions of the turbidity current. Higher folds and slower
flow velocities of the turbidity current promotes more deposition, indicating a strong coupling between the physical
characteristics of the folds and the flow properties of the turbidity currents. Additionally, the front row folds
accumulate more sediment than the back row folds, highlighting the influence of fold positioning on sediment
dispersal. (4) The disturbance of the turbidity current by the front row folds and the separation distance between the
two folds affect the hydraulic characteristics and depositional processes of the turbidity current flowing through the
back row folds. When the turbidity current is disturbed by the front row folds and the separation distance between
two folds is sufficiently small to maintain its perturbed state, the current is more likely to flow over the back row
folds, further reducing the total amount of sediment deposited on the upstream-facing slope of the back row folds.
The main findings of this study are consistent with those of previous studies focusing on natural examples. Therefore,
this study helps to reveal the hydraulic and depositional patterns of turbidity currents occurring in multi-segment
folds and provides a reference for oil and gas exploration in related regions.
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