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Abstract The interplay of bottom currents and gravity flows is an important deep-water sedimentary
process, which plays an important role in redistributing submarine sediments and reshaping seafloor bed-
forms. At present, research on bottom currents and gravity flows interaction in deep-water channels is rela-
tively mature, but little work has been done on the sedimentary characteristics of lobes influenced by bot-
tom currents. Based on an integrated study of seismic facies and seismic attributes using 3D seismic and
logging data, this study documents the distribution and lithological characteristics of the Miocene lobes in
the Rovuma Basin ( East Africa). The effect of bottom currents and gravity flows interaction on lobe sedi-
mentation is revealed through quantitative restoration of gravity flow velocity, combined with regional ocean
current data analysis. The results indicate that, early channels migrated southward due to the northward-
directed bottom current, and their northern levees are well developed with a negative terrain present to the
south of the channels, which led subsequent lobes to deposit to the south of these channels. Deposition of
the lobes is influenced by bottom current flow direction and gravity flows forming the lobes. Velocity of the
gravity flows is much higher than that of the bottom currents. Therefore, when the directions of bottom cur-
rents and the lobe propogation are opposite and oblique, the influence of bottom currents is suppressed on
the side against bottom current flow direction (south side), and the lobe gradually thins from the axis to
the margin, accompanied by increasing mud content; On the side downstream of bottom current flow di-
rection (north side), gravity flows intersect obliquely with bottom currents, and the mud at the top of
turbidity currents is stripped off by the bottom current, leaving sand deposited in the lobe. When bottom
current flow direction and lobe propogration direction are close to orthogonal, the influence of bottom cur-
rent on the lobe is consistent on the whole, and the mud at the top of gravity flows is stripped. Therefore,
the lobe is mainly composed of thick sandy deposits at the side against the bottom current flow direction,
and the sand content decreases towards the side downstream of the bottom current, accompanied by an in-
creasing mud content.
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R ES HAr, EEEME W (M) KRG
B Bt iz 2= HE R, HIE DRI — B
R KM AR A UFJE T £ (Viana, 2008; Shan-
mugam, 2008; Stow et al., 2013; Chen et al.,
2020) , TAFATRESOR Sh AR (RETRR ) DLARME
MEA S5 UUR Y )i A 22 A i 6 9 12 i — TR
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2017; Gong et al., 2018; Chen et al., 2020; Fon-
nesu et al., 2020) ,
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Gong et al., 2018; Fonnesu et al., 2020; ZB&FKFN
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EHAF R AR 3 MBS (1)l A HIE i
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(Shanmugam, 2014; FRFAIZE, 2020), Ha T/
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Fig. 1 Conceptual models for interplay of bottom currents and gravity flows (modified from Fonnesu e al., 2020)
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T3 B A S, OAR T AR T R g A R E PE—2F PR
PEVURREREE , S48 5 32 I U A2 0 o PR I T Je i
5 IR EAE T AR TR, BEvT LA
56 3% I U9 B WSS AR AR OGNS, A B TR
KR, AR SRR B A
T30 B DU AR 32 IS B9 SO AR T I, IRt i S
T3 0 58 FAE T 52 W 96 RS B AR R K g A R
(BRFMi%, 2020; Fonnesu et al., 2020; ZE2H& LA
FER, 2023) , AHFSELLARAE B0 D A H OB S
SR WEERT G, E 3k W S R R R, AT
FMTTBUE AL RAE , B R RIS S i A BAE
FHT B AR TURRALE] o AH SCAIETE X 2R 3 Bl 2 4 3 M
A TR Al LA AR B 5 557 4 R K AR 1 i SR D (K
5 IR S5 L

2 X EEE s
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9x 10" km”, 15 A A< 2E K Bl 143 Gk R K 4 Hb R (1) — 5
gy, BAL S AR M e I — =S b TR N RS
Bre, e, b =8B, KRR
Wh 2L, BIh DA N & RGM REAY, IR R G
FCo MHARZ IETTff, B 0 e n b B 0 5 S 4 1B
U RN, TER AR ROR I RIER . R
F ARG, AR U 2R Rl i G B A ik T
BB R Rl AL B, WIS AR E, e
Wik E 2 KRE = MM—REITRIE R (K
WA, 2015)

WFIE X AL T 0 2 MR K X, S 7K R o
1500 m o B4 55 5 b o A 350 A i 28 0 il 35 6 98 7
PRy A 1o R O S0 0 2 )2 B A 1) B U 3 A TR 2 R O 32
(de Ruijter et al., 2002), I3k 08 m Z5 d6 ¥ i
(Northeast Madagascar Currents; NEMC) %y Z5ikn

W hnAC AR G S o B 2 A 3 AR B B AR
JEUS A (East African Coastal Current; EACC) Fl
] B9 I 8l 1) 55 & EE TE k28 ¥ i ( Mozambique Cur-
rent; MC) , R)Z I # 47 JL R PG IR ( North At-
lantic Deep Water: NADW ) #7355 bt 78 K fili Bl Ok
mdb 3 3 (& 2) (de Ruijter et al., 2002; Chen
et al., 2020; Fonnesu et al., 2020), FF ARG H
5 (van Aken et al., 2004) . 7E & {H 5 75 1) IR
7K DA P 75 2 22 05 Al K ) TS TR VA ) R
— %8 0.2~0.4m/s, fFxKAiL 1.2 m/s( Fuhrmann
et al., 2020) o TJZNE i AR AF 50k IS O AR ) 1
ArBe M R O B 7R A T BH B AY 2 0 (Schliiter
and Uenzelmann-Neben, 2007; Macgregor, 2018)

WSSkl EE KW WOE WM AL BRI

NEMC ( Northeast Madagascar Currents) = I 3k fil 3 hin 4 db ¥ W s
EACC (East African Coastal Current) = A 3E 7 2 3 ; MC ( Mozambique
Current) = 25 5 [ % i 12 % ; NADW ( North Atlantic Deep Water) =
=N
K2 RAEEMDEMAE LER S A (# Breitzke et al.,
2017; Fonnesu et al., 2020; Chen et al., 2020; H1&k)
Fig.2 Location and oceanic current distribution map of Rovuma
Basin, East Africa ( modified from Breitzke et al., 2017;
Fonnesu et al., 2020; Chen et al., 2020)
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(3 Bt B AT AR ) 2 o T, LAB R AR
FEPRE )i SR A AR B sh i B . AW S
3T Sequeiros (2012) #3719 24 it 5 ) i
B (V)

V, = Fr(g Ap/ph) " (1)

A Fri2 sh 888G ¢ RENMEE (LH
9.8m/s"); h R MM HARIEE (m); p £R
T FAZ T B, Ap T 0 A9 2 %
%, Ap/p T X T B Ak 1, ) A0 2
SEWEmE Y, BEEEE 0.4% ~0.7% ( Sequei-
ros, 2012),

FriBA FARIE (Bowen et al., 1984) .

Fr* =sinB/(C, + E) (2)

A, poRMIRHA; C R RE BRI REL
FHWRM C, 2% E & 3%x107° ~5%x107° (Bowen
et al., 1984), E (A EZ{EE 2 5%x10* ~6x107°
(Chen et al., 2020) ,
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AR 4R R B AR LS O 32, B SR KGE SRR
fif (Kolla et al., 2007; Z=4&4 2011), sKEdbm
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Fig. 3 Schematic diagram of quantitative analysis of

fluid dynamics of gravity flows
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200m) BB R FPUmEBiig (£ 50m), i H o
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Fig. 4 Typical Miocene seismic section and corresponding depositional unit interpretation in Rovuma Basin, East Africa
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Fig. 5 Early Miocene sedimentary map of Rovuma Basin, East Africa
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Fig. 7 Seismic—well tie of the early Miocene lobe in Rovuma Basin, East Africa
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Fig. 8 Late Miocene sedimentary map of Rovuma Basin, East Africa
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Fig. 9 Seismic facies of the late Miocene lobe in Rovuma Basin, East Africa
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AR, BORATIE 4.7 m/s, W Ze R0 A T i,
Wl R s, VR W), A 2 i R
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[l 2. 1~4. T m/s, WRIUIZR VY i) e A Sl 30 22 0 O O
WAHRE/N, B 1.9~3.7Tm/s (F 1),
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Table 1 Numerical correlation of hydrodynamics of

the Miocene lobe in Rovuma Basin, East Africa

RIRER 55 A sinB h Fr "
/(%) /m /m - 5!

a 186 003 195 1.72 4.7

b 1.93 003 174 175 4.6

Hr ¢ 1.66 003 149  1.62 3.9

K d 113 002 93 1.34 2.6
(Z=fk1)

e 105 002 69 1.9 2.1

£ 114 002 70 134 2.2

a 177 003 127  1.68 3.7

- b 1.89 003 8 173 3.2

W 0] 2 1A ¢ 122 002 77 1.39 2.4

(FM2) d 130  0.02 71 1.44 2.4

e 1.03 002 55 1.8 1.9
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I 30 52 VS O 9 T Ok TR iy, MR ISR 5 ) I
SCHAERR . ot K AR 2
MUK KR, KA T RMEER; —&ihrhigY
ARG R, RAEREGIL, 7EX— RV HEME
Wi R, ORI A R AR s AN S, AR TR R K
AW, JF—HFFEE R4 (Kenyon, 19865 7K 2%H
G, 1999) o (R, FEBFSE X ARIT Y 30 5 ¢ 2 b
B G RK IR b e BT R 1 52 A6 KV A DI U 0 1Y
B A L FH 4K ( Schliiter and Uenzelmann-Neben ,
2007; BRFHLSE, 2021), ZEa LA brd, 28 e
WFFE X B GE 5 1) 18 B 7K T8 LA AN R FR 2 1A T AR
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PRI AU S B G DURRN iy 3t 3, vT RUAE M
TREIKIE R 22 0 1T, 1R AE AL ERIE R SR 5
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AT IR J803% 235 78 ) o 0 R AR TR (18] 10)
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FARS AN 25 2y 52 W U i S ), 38 ol A8 T RO ki iy P
ORR, 10 HE i b A 200 10 R0 9 S5 A 4 A I A
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(R4, 2020; Fonnesu et al., 2020) , 454 BT
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PSS N W i1 iy 7 e S e o 1 S = R 1
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KA, 1 A A0 R R B R I B R S U v O
2%, R NSRRI S Wb TR o [R] B R Dy 3 R
W T . DURERC, S BUR JU M 1A S i B i 45
(5 Q=N DO i R S NP I DA R N i
R ] S R L 58 A B, 320 ) U
R TR, 8T VIR AR, Ak se i i
T 75 1) SE A B U ARG, e A JEE R S W s/
6] I PR B TUARAR K, IR GIE e B 5 b )2
VOB 7)), 5% W2 44 30 % U0 BUREAE AR [7]
(Beaubouef, 2004; Gervais et al., 2006), K 4
1T EHARIE ., Tim A FRIES,

HhOBT T RS A 2R AR 2 B AR VY () SE A, TR
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I 3 e 1 3 | o 1 NS o £ 3BT
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Fig. 10 Comprehensive analysis diagram of sand body in the late period control by paleo-geomorphology

influenced by bottom current in Rovuma Basin, East Africa
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Rovuma Basin, East Africa
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