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Abstract: Combined data of physical property, benthic foraminifera and stable isotopes from ODP Sites 1148, 1146 and 1143
are used to discuss deep water evolution in the South China Sea (SCS) since the Early Miocene. The results indicate that 3
lithostratigraphic units respectively corresponding to 21—17 Ma, 15—10 Ma and 10—5 Ma with positive red parameter (a* )
marking the red brown sediment color represent 3 periods of deep water ventilation. The first 2 periods show a closer link to
contemporary production of the Antarctic Bottom Water (ABW) and Northern Component Water (NCW), indicating a free
connection of deep waters between the SCS and the open ocean before 10 Ma. After 10 Ma, red parameter dropped but stayed
higher than the modern value (a* =0), the CaCO; percentage difference between Site 1148 from a lower deepwater setting
and Site 1146 from an upper deepwater setting enlarged significantly, and benthic species which prefer oxygen-rich bottom

conditions dramatically decreased. Coupled with a major negative excursion of benthic 6 C at ~10 Ma, these parameters
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may denote a weakening in the control of the SCS deep water by the open ocean. Probably they mark the birth of a local deep
water due to shallow waterways or rise of sill depths during the course of sea basin closing after the end of SCS seafloor
spreading at 16— 15 Ma. Several Pacific Bottom Water (PBW) and Pacific Deep Water (PDW) marker species rapidly in-
creased since ~6 Ma, and from 5 Ma to 3 Ma the local deepwater became strongly stratified, as indicated by up to 40% Ca-
CO; difference between Sites 1148 and 1146. Apart from a strengthening PDW due to global cooling and ice cap buildup on
northern high latitudes, a deepening sea basin due to stronger subduction eastward may also have triggered the influx of
more corrosive waters from the deep western Pacific. Since 3 Ma, the evolution of the SCS deep water entered a modern
phase, as characterized by relative stable 10% CaCO; difference between the two sites and increase in infaunal benthic spe-
cies which prefer a low oxygenated environment. The subsequent reduction of PBW and PDW marker species at about 1. 2
Ma and 0. 9 Ma and another significant negative excursion of benthic §"*C to a Neogene minimum at ~0. 9 Ma together con-
vey a clear message that the PBW largely disappeared and the PDW considerably weakened in the mid-Pleistocene SCS,
Therefore, the true modern mode SCS deep water started to form only during the “mid-Pleistocene climatic transition” prob-
ably due to the rise of sill depths under the Bashi Strait.

Key words: South China Sea; Miocene; Pliocene; Pleistocene; deep water evolution; ventilation; carbonate accumulation;

oxygen and carbon isotopes.
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Fig. 2 Schematic profile showing the major flow pattern in the South China Sea and neighboring sea basins (a) and measured

profile of dissolved oxygen levels at different Philippine and SCS sites (b)
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Fig. 4 Relative abundance of selected benthic foraminifera from Site 1148
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7 *(Ramsay et al. s 1994).

15~10 Ma, HrJ 34 S0 Be. 1148 3l 1 1146 3k
LLASE (o ) o BN TE T B 4~6 F1~2, 3%
71N B T TR 2 /K St i 1) — S B T g Az 1
rFBT A s 78 B B (MIMICT) [ 4= B S 376 6 20 T

FEAE R B E AR Z KA (K 6) (Flower and
Kennett, 1994). Bjuk 1) CaCO,; & H ~16 Ma JF
WA AT AR TR, 1146 ¥4 22 H 1148 ¥ 2 K2y 10% ~
20 %0, HAAE RN AN A LA A AR R [R) 7 2 4E
R, Bk 2 [ AN TS 78 K R J& K AR PE B 7 10
Ma i FIEAGR AR R 1 22 5. T ~10 Ma H%
T DAL S5 — UAE 1148 S5 RE b i i 90% ~
100 %0 77 i A FL U iR 52, AR vl s 2 2 Bl b il Bk
(NCW) 5 5| 3B K 3 B “ ok 2 £k 3 5t 7 (Roth et
al. s 2000; Lyle, 2003) f4 5.

10~5 Ma, M A3 S B B, 1148 ¥4 1146 35 iy
ESE a3 AREE] 2 F1 1 DUF  br i g T b X
R)ZIK A B I — R vy S B 1 G 5 A 2 LU T R o
BARE L HACE. [ESR, A 10 Ma Hif 1 S s 1 48 B
BEFARF 10 Ma 53055 A3 S0 B B o IR A WS )2 K
AL T7 2B 7K I 55 A — 2 VIR & (] 6). 1148 3
P. wuellerstor fi [HZESRIEAL (] 6) FIIE F 4Bk T
PIMEIA 2%0f oW CE 5) 4 DA B 1148 3511 1146 32
[ERWr K CaCO; 7522 (8] 6) , #3K W e T I
JZ7KM 10 Ma FFa6 HA [ O A9 R, 13X Fp e (808 38
PAE 10 Ma 2247 19 “ B B 55 3 15t 7 5 F B fiff 1148 o
TR LI PR 7S SRR A3 i, 1148 Sl 1 1146 3k 11y
CaCO; &A1 CaCO, HE B H I A B ki A2 4k
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Fig. 6 Comparison between the major stages of deep water development in the Neogene South China Sea and production of

global deep waters

ODP1148.,1146 1143 347 JeWERE UL I 35 TRUFAT FL U IR 52 R 48 R 5 145 (2002) 5 6 4 7K (NCW) F g H RS J2 7K (AABW) 38 58 32 52405
Ramsay et al. (1994) 1 Hodell and Venz-Curtis (2006) ; 1148 S5 ## S D1~D5 4 Li ez al. (2006)

(Wang et al. , 2000). fR Vg, FIMEAEY SR E5 05 H
T A BN W SC P 5 I ORI AR A IR
s B LUEIRTE 10 Ma ZE A AR 2R B (Li et
al. , 2006). X — %2 ATHIR 52 42 BRAU 22 AL Ry )
2 R RIS JZ KRR AP TR J2 /K B 52 0], {H AT BEAS -
Z IR PIE RS . mMIIRE R A E AR
BT AT T Ma LU KA I RO 2 K FndL Iy
204 KR 3 (Ramsay et al. » 1994; Hodell and
Venz-Curtis, 2006),1148 u§H1 1146 w5 EH-HEAH
R I AT Ak ) TR 2 /K S A IR (&1 6).

5~3 Ma, fie K4 5 W BL. 1148 Sl K TR IEA
FLIRFEFEFN<C20% CaCO; 5 1146 3 mi ik 50% ~
6026CaCO; JE R fef B 15 EL » 22 B T 302 K 7 it
YERBRZLCEL 6). Pk B2 240 5 Ma LU S5 &R 3
ARQELE a” ~0,1148 31 6" C o [o] 5 2 BRF-I{E
([ 5). 7~5 Ma ][] A [R] TR K AP AT £L HL Sb AR Fof
A2 AR AE BRI R Sl 2D (1 4) 5 b SRR
J e 1148 i pgiR)ZK 5“2l 177 1 R AR 2K
AHKZR. TTRESE P R AP TR 2 KA 2 I RO g
e S v TR T A R VA A5 LT R e T

R R 1148 SR EEM A E] 3 500 m P F, KPR
JEREBT A N, umboni ferus M1 F. favus 535
A T AR KA FE 2 7K (>3 500 m) AT 2 7K
(2 500~3 500 m) , 7E Fg 1 1) fe M 10 S /2 210 ka FHI
12 ka(Jian and Wang, 1997; Zhao et al. , 2007) , i
B AR 2 7K RN J2 7K 0 i TR 2 7K AT st ]
Al

3~0 Ma., B U B B, 1148 36 Al 1146 34 Ca-
CO; F 43 & BEREAL, 22 HAREAE 1020 A 475 1148 3
TEIFREFE R A BTG, P 3 W I8 SR T A FH B
VKABTIE [ 322 9 55 (1 6). B A1, IS S Urvigerina K
BRI S TR 0'° O #B3E A28 T, H A8 Ak i
FUT A AR, 3% B g Vg e S 1143 3611 6 O i
ST UT S R ) 2 DXL A 2 B vk 55 T R G 5 19 245 38
(Tian et al. , 2004) J& WA — 3. 1148 il 1146
U S AP IURPI Y TERE RS AL H ~3 Ma DIk 2 L)
Fa g AR He k(R 3, &1 6) 4 78 40 d B 1 1 TR 7K B
B O 2Bl AR, X — B B i I B
RAETE 1 Ma 15 » B 322 8 BN 40 ka 3% 51
100 ka fy* o BT tHE S G A7 IR b 5655, 2001)



5% 14

RIS SFL 22 i IR Z K A R 5 = 9

1 1148 S5 Rk N, umboni ferus fF. favus &
JER A (L 4D s BEBH RSP 1 IS T2 7K TR J2 7K I E“‘ﬂ
B I 98 55 ; Globobulimina AN (& 4) FJEMNG 62 C
Fe A" C(P-B) 2SR Nk (181 5)  Ba B A= 7 14 . ﬂ%
A A fE, U U Wk i U R O Y AT R T B A
2 600 mIREE 1Y s ITTRELE 1 RSP IR JZ K FIER 43 K
SRR Z K R . A Bl 3k 2 Ab A A R VG
?%thfﬂﬁﬁplw‘?n%sfﬁiﬁﬂ‘J#Lﬂ 2 2R KA b 1
y/\I—inﬂiQTT’ﬂfiTqJE%ﬂﬁmﬂJ%ﬂHTﬁﬂﬁ*
RN ER B 38 5 A T (ZERTHAE L 2006).
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