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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; (¢) 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; (e) 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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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

4900 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
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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
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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 9 850 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

R AR i AR A B RS, AR ISR BE K, A B
SRR 1 [ v B O R A s A2 ) A B SR /0N, HLAESE
5 J5 9 A 7 A 1) i (] 4o BT 13 14e) o
Jamali et al. ™30 33 1158 K IR0 3 AE AL AR B/ N TR
Tifia R — BB 5 SR DK TR RS, A
T, TEASHGEARE G [A] B4/ N ABE Y 4 vhy | b iR PR
2 3K B SR IRAS AT TH AR5 6 55 R 1) J5 B ok 3]
55 SRR AT, DA A5 ek 3t o A B AR A,
A b A2 BAT L2 717 7 A= 18 306 [ G kR 2 S5 AR 1 A L
/NG PR, 8 4 ) TR BE /N K Bl g AR IR AR Y
PRI BA — 8 B FERIVE AT, 3R B8 (R BE A B T
KB NFREIRE o R RS 7 T s 4 s
Ik P R VR (AT T X a6 1] IS R A
77 A TR A O LA SO it B K ARSI 52
A U T HIHERE APO0T ek 3 A IG5 5 8 A8 Tl i e ] 52
PN T HERE S5 17K B vy (1 22)

7y — P e I S B A 3 ) 3, B3 ] S
e Jey iR LA 300 ) (R R L H ) R RS s, Bk

A2 B HTHERE A P B 5 TRAARAE R Ui R ER
TE BIIK FTIRAS 78 2Z BT B BF 58 AR A R B A S
FERGT . F T PRSI B RGO, i A DA Ui T ) A I
S AR A B i A N BB T RR A v B IX 53 A 1Y)
S EL 0 FEASL IS T, BT A B AT 1 B R
BT URE A I T FIR S G AR 1 Rk
JEE S HE B A 3 Sy O B X S U BH AR TE B R s (]
3c,e)o (HFERIALL 3.6, 55 AN FE 4k i T B
AT ) TR A [ R T E LUULER B B0 1)
KRTEN AAERAL 2 4.5, 32 B4 S Ak i B
T HA W R G A 0] T WG A S e (]
Te B 14e E 17c E22) , BIASHIFZE HR Y 306 18] JES %
WS T B I IR, % 02 i 2 e sl L R U Bl
B, ) Y AR 0 B0 T 3 36 ) RSO (181 23a) o {HL
JU I Sy ] 2 B HE R 1) B s A e 35 (161 23b ), B T4
(ELASSAEL7E B (] 023 RRG B2 0 BRI, ASBIF 9 () A 7Y
ANBEAHE 2 X — i ek R, AN RE 78 I e 8] 571 1]
RSB KA B (] 23b) , #3655k



5534 JEOE A - RN 22 BT AT RE S 1 1 — (B 927
(a) S S T
BRI IR E %
e
0246 8 10
100mp__
1 km
45 ¥/ (m/s)
1] Vi I Al B ~15-10-5 0 5 10 15
—ee ! )
N Ao
i i R
100mp__
1km
(c) T
BIRUURYIIRIE %
||
024 6 8 10
100m L
1 km
@ I/ (m/s)
T [ e
“15-10-5 0 5 10 15
o) R
90 18) JEE I
100mpL__
1km

K16 AR S5 Pt iiE 7K bR 25 4 &
(a) %74 900 s AL RL TR UUR VR LTI 5 ()35 4 900 s AR S A ATIET 5 (e )55 9 850 s (Yt FLEF DT S AT 5 (d) 559 850  F iy UL it o g 7 41
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
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Fig.18 Time series plot of sediment distribution in model 5

(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.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

(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;

Variation of Froude number and flow velocity of turbidity current in Model 6

(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 to 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  llustration of downstream propagation of reverse under 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, illustrating the downstream propagation and in-

creased 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
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denote anticlines'"
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Abstract: [Objective] Continental margins often develop fold and thrust belts, which have a major control over
deep-water deposition processes, such as turbidity currents. These structures play a crucial role in shaping the sea-
floor and influencing sediment transport and deposition patterns. However, due to the difficulties in obtaining rele-
vant 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] (1) under the influence of multi-
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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 eritical role in modulating the flow dynamics and
sedimentation patterns of turbidity currents. (3) The depocenters of turbidity currents on folded morphologies are pri-
marily 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 hydrau-
lic 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.

Key words: deepwater fold belt; turbidity current; numerical simulation; reverse flow; turbidite system



