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Abstract: Gravel layers were drilled at IODP 367 Site U1499 in northern South China Sea. A variety of possible genetic mechanism for gravel layers,
which are incorrect or uncertain predictions from observations in geophysical data in advance, have been proposed through the lithostratigraphic
units in the cored sediment at site U1499. Using tectonostratigraphy and sediment-filling dynamics, this study restores the paleo-geomorphology
during the gravel layers sedimentation period based on a high-resolution seismic database and IODP site data from the northern margin of the South
China Sea. The results indicate that the gravel layers should be deposited in proximal delta sedimentation environment along Late Eocene-Early
Oligocene lacustrine basin peripheral, whose provenance is mainly from Mesozoic erosion areas of Dongsha and Liyue. The top of the gravel layers
corresponds to a coincidence boundary of T70 and T60 in seismic profiles. T70 unconformity is likely directly related to the continental breakup
during the initial opening of the northern South China Sea. T70 boundary age is estimated to be at 33.0-28.4 Ma and is earlier in the east than that
of the west. Besides, this paper suggests that the position of ocean-continent transition zone may be near the southern edge of a series of small

extensional half-grabens in the northern South China Sea rather than a geomorphic abrupt domain with a water depth of 3 000 m.
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Fig.1 The sedimentary basins of the northern margin of South China Sea
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67 (2) U1499 utfiish T70 F1 T60 Fid 4, (H15
T60 ST 7ETH 434 XA 5 30 e AN A iR, IR
2 T70 F1 T60 FHifi A AE A7 (3)3 760 m KIRAL,
MIELAT 930 m & kA2 & F T h/ NI 244
AR W R, HECTRUA T T70 SRR RE5 I,
B U1499 b7 Fr e BN H TR 2804 E AR
MIVETE , TR e B Rl 4ty , I 2 M g2 T b
i s 49ty o i A 1) 7
41 FEEILBHNERTEST

T70 51 Ay Fe VA AT 4T DIl i) % EE A K
RUANHE AT, T i DA A 12 5 T2 DX B T A v i
FHIRY K FEOR R L, M B 2N A T

SR T70 S ) & B AR e m ML SR AETEBOR
ZE5E PRI Z3 0 T70 FU 153 9 I\ A 2 32 Ma(CKar
7255 2008); BRAE 7 T70 i 7 I F2:28.5 Ma
(F1 LS13-1-1 M AR AR I IE S0 (FE [R1 22, 2013 5 X187
F4E2013); IODP349 U1435 b AbAg T70 LN
VA i Ao Y AR SRR ) Y AR TR A U A — A PR R AR AN
BAW (i EN A S REAT A ), Fik
25k 33 Ma(Li et al., 2015a).J0DP368 U1505 ¥yl
Bl — A SRS T, M= T E XS T T70
F1T60 FLH G 1 — AN T, SRR A T
23.8~32.0 Ma (Sun et al., 2016).I0DP367 U1499 ui{i;
Bl A NS AT, MR D A XS R T70 1 T60
FHE G ARG, FHAFEREEN T 28.4~32.0

Ma 2 [8] (Sun et al., 2016). H1F U1505 1 U1499 347
%818 T70 F1 T60 FHHI A0 &1, BT AR TR IS
T BT 1) B A AE AR 26 T70 FLIRIA 4RSS , DX It DA 2R 5
PUSEE, T70 FLEAE U1435 35074 33 Ma, BRIT. 045
M1k 32 Ma, U1505 1 U1499 FLE4E 35 Bl AT
28.54~32.00 Ma, BiZ5 B 4. b4 28.4 Ma. [fijCameselle
et al. (2015) BFFEIN h e ¥ VY AL RT3
SRR AP SR AL, TR 5K ot R )
PUfR i . PRI AS SCA A BT R L e 2R )
POk AE AV Y 7K, T70 S A AR IS I 1 2 A
ZRBN VIS, BIMASH 33 Ma 32 #id/ N vE S Y
28.4 Ma, H A HAT R A 2Tk
42 BEXIE T70 REA T60 REMES

I0DP349 U1435 o T Kl AR 4ty 1 SR 1) —
AR e b, B 1Y) T60 AL S T70 A %A 564
A, (e 41.61 m BIHTHSCH)Z, 765
R T AR AR (B17). R R A B U1435
vl R VTR A, 5 T70 B2 5 A B LAY
FRBAAR, EHRNORAM T70 FEHZ 5T r b
AR R AR A L, RIS R R
LA,

I0DP368 U1505 {3 T R AL A fili 2 1 S 5 Bt i
L, BB T60 FHZ 5 REE R TR MZ R A
JE 400 m, T FR ARG 7 DX E R, {H )RR
RN s Tl e g kLT Y oo i s 1 2 T 2
BRI L BB PR LU A, ZHRIRA S . K
FRAMREGX S b FAR B 52 AR B2 . o T e v
i % 4 S0 Akl 2378 v ) 3l K T K RIABE A 47 2 BT 2
R FHEOM G R KA — B R MR i B AR TE
PLJe T70 Stif (SR IRY7K) Z R it
ARG, AN 201 T XAy
TERETE, R 7 Rl , T70 — T60 W7k
/D B U AH SO B A AR DR, R ECT MR
T70 FLiE 5 T60 AL EA .

IODP367 U1499 w54 o7 T fili A8 4ty i [ 3
) —A /NI RG i S h, BR A R TR 25 T LK R
MIH)Z , AFRS I U AR A, 2 05 A TR
AHDCR, S EE S - T70 S-S T60 Fhif &
A, MR 2 B U 11499 357 i b /N 32t w85 3
PR, 5 T70 B Z 5 FICE KR AR K (E12).

R, FRATT A 0 i b S i 2k 2 R A Ay i 7
ey T70 A5 Te0 RimpES, fTREL 51
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R IE AR IRRHR AR K.
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FERL S35 L (continent ocean boundaries, COB)
AU T X2 Rk Y Bl 52 SR SE 2R AL (P2 AR,
2016). F T HUBRY) B GOR AU 5 A B 14 2% B
FERNEFTRIMSR A AL, TR € COB L& B
S HARZZ H AE 10~100 km(Eagles et al., 2015). 4Kl
HWHEELT e Mo Z At A 2 — R Y
G, Pl Iberia W M, F7E—5E 170~200 km
ML X s, HBEAE TIEH . AR TR,
R Z R i e ¥ty (continent ocean transition zone,
COT)(fE&LAE, 2015).

SURA RN =, 3T TUAR AN [ 9 2 25 e 3 S o
% . PrifHiiE (ocean bottom seismometers, OBS)
AR i A5 B HEUR 1 e v AR PR Bl L 5 (COT)
S NN Gl & S e CIP S R PN =
5 (Wang et al., 2006; Zhou and Yao, 2009; Chen
et al., 2016; AARILAF, 2012; Chen, 2014; Bai et al.,
2015; Gao et al., 2015; Li et al., 2015b), H:HWang
et al. (2006)  ARARITEE (2012)F1Gao et al. (2015) KKy
FA AL BB AV RG 4 R AR PE K2y 650 km, L 582y
250 km A DI, HARRER 73273 A A e Tk ) PR Bl
oty EEAEKIRL 3 000 m (W7 E. 1] IODP367/368
BlEREE RNk ma VgL bl 2 hy 78 T i e Aty L 24
gk, AE—EEEAR KA XE.U1499 s i 17K RNy
3760 m, 7 T70 12 T i /NI e i AR ) 7 A
KEWBRA)ZE, BT U1499 B AL A REFE , 1
SRRl BT RT3 R LR R oL
T3 000 m 247 BN IRARTE. AnEI8II R , R PYILIX
VR A 1) Pt A A IS T [ T AU AR ) /N BT 2 425 1 )
FRWTRA AR AL E , TR LARTIATRAY 3 000 m 7K
A HAERIRRHR A RIALE. #IR S, /i
T VG LU 2 A T i e 4ty 22 /0 Bz 1) R 4R 100 km
Ay, RO T PHAC YA AR A, p b e aE A
25~50 km 5¢, ZAIFARIAZ) 250 km BYTEEE , (K
FATRFAC R i Aty O AT 5 i — R AT

(1)U1499 4518 Ak £ J2 07 2 I Bt — L8
MATURL, 28T T — 2l /MBS 4 i (0 T 189 2
Al G s bl bl apariE o, 22 DARS AH IR = A
FHUTR R 2.

(2)U1499 A1 )2 B9 AS N Sk A 4 /e KRt
1M 2k A B A R TURB I R & R 4Lk
H A AR 2R X

(3)T70 i 2 B AL R B VAE IS PR AR 1] P9 1 7
Y sk mE ARG, KA E R AR KR
ZERTE, AF 34 33.0 Ma £ 28.4 Ma Z [a], H HA A
VGBI AT

(4)T70 11 T60 F 1 75 R M6 FR Pl 2% 1Y e oy 200
b FIL vty AR F A, AN R 5
Rl 4 LA I E S, PR SN R
T PR A B R RHR A K.

(5) PR fli At IR LARTIAIRAY 3 000 m
IKIRZEA HA A HIRRHR AL S, MRZ A T K
TR T TR I 1] VAT AR 11 /D DB J2 4 il ZEE R D o 149 e 40
fiE.

B B B RAL B L FAAGG I E L.
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