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Fig.1  Location of the Philippine Sea(bathymetric data from http://www. gebco. net/)

X A T i TR A AR DO 3E A 2 VAR 43 Ml 1) Y AL
i 2):61~33 Ma, JEfE =GR IFLTT T
AR T IR 30 2k 1) I VA 1) g i ARORI O SN A I
I8 1 A5 AR P R AR 0 A LA v e i 2 S Ol
O ) A A7 5K I R B 9k b a0 e £ e % 5 33 Ma /2
A s BRI DU I R S b 1) Vg R S B0 R
JINASE - LI 499 5 S S gk, B 2B D - L G
P 25 F GG 47 9k o 1 1) S A 52 0 B e ke 2B A £ e
5515 Ma 7247 o JE AL 02 00 Al B A 45 1k 7% 2y L g =
T 2 AT Y LV A R AU A 1k L U - 5 i
AL AR RN

2 ARG 0B R REAE

2.1 HIEREEZR

T 4 N G S o B0 IR ELAE 300 nT LA b JR) ¥
X I8 F] 500~550 n'T, ¥ N 2500 5 R AE 8
& LAy ) 5 op e i 47 24 3K A 470, Hilde
N Lee™ 72 2 IR B Y 26-13 5 #4547, 65 75 7
AL FR Y 26-20 5% 4540 i NW—SE [a] & {t , 1

R 13-19 5 4% 5t E— W Ja) ZE 1 -k 40 %
T m AL 1] e S i 2 W RO AE R R IE R A
T NE-—SW Il N-—S [m] B~ 9 7K B B #E I 47 5K 7
T 1) A 5 RO P Al BRSBTS A K

il 27t Y v U 3 W7 A e b X AR A AT L R
T T SR R e b o 2 R B K ) s AR
T E AT AIESE T ik — a5 . IR 3 AT LA L i
%5 N M R 56 3 5 0 R MR A T — 8 I Y R R
RE IR AR U4 | ot R AR T 04 S5 7 b S R TR b B
NN B G SR S, HL BN R R R, Var-
gas " AN R AR AE KRy BRI IR A . RIS
Wil 5 M B K8 g G 2 B 1R S AL
DSDP 7E A W Wl 5 % 3L T 4R 44 37 Ma WL B
Z i (OIB) . #fE M 37 Hb 08 AE 19 52w . ¥ 25 rp &
N-—S [ W Wi R R F E—W ] 2 i /) 55007 16 55
WORAT RS s, M A0S B G SR R
24 5 VR A P S B W R SR O 26 45 BRI 4
T b AT E B L0 ob 2 ph K AR IS Z R
Frh M AR TR B 13 SR R WY R T
33 Ma A4,



32 T T 3 5 5 5 1] 0 o

2017 4F 2 A

s | wm | av fese PL 0 mres PEOE) nm wame il oen | moew
ma | Efe | g |l |l wa |FoRLE | wE | wma | sen | mwe) se
° [ | Nmx
2 =
it g 4
L Z M ® | Dun
i % BT\ yn Jul- Mk
e & i 4k (IS B
4 Z i s Nem : EEN
% | @ Z i i nE
i i N | 4‘)(;%[ ph i) A
vl 3 H 7 F 1 5‘-;"_
it . Y % il w |LE
B m 14 [y D& @ a |E-D
20 E L] ; | o i i Hip
= |4 1= < = oo T?K M % il
0 Uz gi e | 1&%
L z T Ee | H
il i 2 S |l B
) T4
& K ﬁm &9 I -
130 a5 %J@i <;‘2 B N
A rEs b 5‘1&
%%i' # < INED N
- e 2l |New- N
% [ Erd ”J
o ><90° B[l 4 ﬁ?
|10 H ,, 57 N
4 PO Dk N
. ) i
7 #
I " = 1
|
S LB L
I T S = — P - g L R HE R B
= I L [
B ?’ﬂﬁ?  m
B o & E
3k A
- 60 # = L4
tf
S = ravavi|
KUl 2 W % Hilfab i3

Pl 2 AR v A 408 XA i A R LT BT e AR 1 T AR D

Fig. 2 Tectonic evolution and volcanic activities of the Philippine Sea Basin and its vicinity

(Dotted lines represent uncertain beginning and the ending time)
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Fig. 3 Characteristics of geomagnetic anomaly of the Philippine Sea Basin

(magnetic data from http://www. ngdc. noaa. gov, magnetic lineations from reference[ 14,23,28,29])
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Table 1 Geological and geophysical characteristics of the Philippine Sea Basin
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Fig. 4 Characteristics of crustal age and Bouguer gravity anomalies in research area

(a)Crustal age and drill sites distribution; (b) Characteristic of the Bouguer gravity anomaly(data of crustal age from

http://www. ngdc. noaa. gov; data of drill sites distribution from http://www. iodp. org;

data of gravity anomaly from http://topex. ucsd. edu)
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Table 2 The comparison between magnetic lineations and age of the rocks in Philippine Sea Basin

) TPl R B
IX 8 Rl CAEAR/ Ma) \
piy A AESEJ / Ma KI5
20(43~45) 290 e, 43 397 1 [7]
21(47~48) 291 48 [37]
~ 40 39
A 21(47~48) 292 49. 4£2(* Ar/* Ar) [38]
20~21(43~48) 293 42(1 Ar/% Ar) [38]
23(50~52) 294/295 48.842(1 Ar/* Ar) [38]
6(20) 442 18~21 [39]
[ 2 6b(22) 297 B — e e A [40]
6c(23) 443/444 17.243. 2(K-Ar) [41]
A L VG 4k 00 2 7(24) 449 24 [42]

Hilde Fl Lee"™ R 45 2545 IR0 57 # MA A /E 4R
BNy PE AR R R A Y KRG T 61 Ma (3 BT
(4 Bf 1] R B — Gradstein (i Mm% o 45 &) .l
WFSE A B, A48 PG JE 02 1 4 00 1 4 8 AR e ok B
REIB I 2] 61 Ma, {H 2 KL 18 1000 79 JE A 2 1 25 7
SC AR T b B HE A 22 B EK 2 W] AR AN o 2= Y
BHARZ TP WLy sk i sh ol fEAE AR Z Rl ek B &
fE7E. Hall I F IR R D BB % 505 b
o PEEE B 2 A Sy T 2 G I KR g 08 5 R
TEG AL X AR Gk 2 e TR — B IR S,
A Hilde 557% 0 RS 5 B . 1 LAAR ] 4 5k o
AL VIR R A A UG IR N 4R T 70 Ma A2
A XA 5 i XA AR e SR AR . AR
(e i NP S SR B &/ T (R NNUTE R e S
33~30 Ma fF 145K,

MR s 5 25 o 0 BL VG 4E R0 T B ok 1
I [R] 22 L Y [ 0 A 5~ 6 Mt (H R Y [ A A
WG 5K By B 2 B2 I e b ) pg i 2k =0 ok YL OF
HOAR 48 o o mE B, FE = AR — B AR
NWN-—WNW [ (15 3, 1 2 b % e i 219 15 Ma
B AGAR oh 2 B VA 2R . R R EE AR R AR TR
i T VO A R TR 61~ 65 mm/a JFAEN, PO [E
A2/ 915 km (19 ¥ 76 7E R I W A AR of o
X5 Jonny A5W7 F H AR wh AR R A BT AR S 0 2508
— 0, U, A B A Ch U AL AR R
T, MM JUMI-IA 57 W A Y KA A s B TR
Y F A I BEAE 30 Ma fE 78 3K 2046 2,
AR SCHE I DY [ T A 0 LY 2 B0 A AE 30 Ma A
FRIEIF AR P 5K . 16 Ma 72 47 . 181 A6 §% 30 (19 38 K )
P e 5 AR T W A B i G R AR R R A AR
Besm gL fE YL 13 Ao B A SR R 4

S I 2 O [ T A L0 LV A R T A D R W T L O
SRR CN S QNS -3 Y IS

3.2 FERBENMEMEY KER

R 8V 45 4 T B ] 94 S 5 2 9 23 0 DY (-
NI A Wi DO WAL N G V- ST A s RNl
T 5K s AR - B T T .

3.2.1 WHE KRR

(DE—W [a 4" 5K Bir B (61~50 Ma)

61 Ma 5l LR, i 4 LSS — 3 sk il o 97 5k e
i E—W [m 5t ENE—WSW @4 5k (Kl 5a), T
PO RAEAED Y A R AE TSR A, S BOZ W B ek
BT JICAH R AL . 5 A 5l R A B 2 5 i 7 A
500 ol 0 AR oA G K-Ar R A /% A I 4
S5 J RO T /N A TR B B e A o kL Bh AR
50 Ma ZEA7 sk B & TR IR, B B T A o oA O oy
/N SRR o F AR T 50 Ma DRSS, (|
J&.50 Ma DLRT R F- 7 A B AH X F #4511 NWN iz
Bl ol O /N AE TR A A A b A AR 55 AR X
AR IR SR AL IR S . i A A AR R L 3R
ANy 8 90 LS 3h A e a2 2
AR BRI, PG R A T A Bk Tl AR S R R I
M He At 5 ) 300 2 0 2V AE A 2 9K Ay b 1) 06 vh A
S, i Macpherson 8855 1 F 53 P4 AR H B2 1
F KA J ) MR A 25 RRAE L 2 VS AR A = A
HuEAE B A . Jonny VTt IN 52 Ma JE i 12 iff
e FARAL T 555 Wb i 4k =2 b PEAE R il 2N
BIPE S 2 R A 7 2 R AE A 5 R b g b g
PRI s AR SCIA Sy PG A 0 ¥ 4 00 OB B 5 T Ak 2 45 T
M B f o 55 b A 36 A4

(2)NE—SW [a] 4" 5K iy Bt (50~45 Ma)



36 35 b T 5 5 DO 42 M o

2017 4F 2 A

B KR EOE S B AR IV RN
SRAE B R-R-R B =8 . = BK s g AR A7 T
EFR IR 9K Bl 2 W 45 1k 3% B0 1 AU BT IE
5k 4l 2 NE—SW [ X #x M 9 5k (&l 5b). 50
Ma 247 s KA FEAR B2 8l J7 17 i NWN 3% i A8
S WNW S AR e - 1) I 3 22 g A B A 210
A5 s IR TF 45 9 3. AR S o b RN A AR
PR 7 25 S0 FR A T 9 2 1 10 7 1) 7 O R
PP 2N A DR ety A 7 ) AU S R ROt ot 3B TR 7Y
EFRTEU 2P 5K 19 3K Bl g S A 0 oy i 3 (W] AR
FH o PSR oy i 2 5] 3 30 3 BOZ B Be B AT AR XA
RS Y Ik R 44 mm/a, T
PSP AEAE B IR I8 WIS TR 6 FIAS BG 160 65 12 B 10
FHARIE BT 47 skl Ak

(3)N—S [ " 5K By Bt (45~33 Ma)

NE-—SW [a 4" 5k Bir B Z J5 - 97 5K J7 [ 45 2 Ml 394
BF AT i@ 2 o 4R DU 5 RSPV AR ez Bl ) R A G
Taylor 2" IA R 7E 49~33 Ma ¥ 5K filt i I £1 i %
T 100°, WA A it 5Kk Al 5 U -8 57 1 22 1A Y
e IRHE TR, 45/43 Ma LUJG BV &
Pk N—S m ¥ ik (B 5o, ¥k #ORFE Ry 18
mm/a, P 5K E RN EEA Z . K.
PO RSP AR MR K R W AR 3 300 %% b X AE 45 Ma /2
Ak T AR S W R A 5 A b ) AR
sk (B 5D g @Y kR L T i ny ksl . H
TR R B B Uy e NNW 3745 ) NWW,
AR5 i B8 A e ol 2400 75 VG JE A R A R
5K RGP A RS R B i A 5| H AR
HI/NMS 2, S B 5K 3R FEAR O ELy s . JEAR
TN K LN 36 Ma JF 1R 5587 15 3l » 35 W ) g 119
A5 i P R AT (T Se) o {H 2 oy i 250 90 B 7 Vi 3 1
A 1 R 1T L BRI R O JE A T A 0 T ok 4 i
WKZh ). BT R o S R I AR P 1 R Sl
J8 , 5 0 AR B 3% T A B I % A b AR e
WA T 33~30 Ma (£ L9k, [6 0, FERE T
M HeFr £ ) WNW 32 3f , Honza %0 Ak P JE 52
IR /A SR TS a1 Al = R A (X e (OE TR

YU R R B E R, R AT iA #] 7 900 m,
H AR ) TR b b B R R A DRI 3k S ¥ i
3 AR SR AN o SR L i A IR T ik 2 fe (30~
26 Ma) £ 7E— ik NE—SW [ iy JE &4 K 9 ik A
FH S I W A 7= A A e T T
3.2.2 #r#H— by RER

(D) B R 2L A HIBY B (30~27 Ma)

30 Ma LU . Y =940 0 5L V9 4RI 4 DL K By

LNV 40 T R 1 A B LN -0 55 VA L T T L 4N
VA RN /N A - LY 4 0 9K 3 7E — /L K
P /A - I B A B K. R T T A B 1 4
AR e 0BRGN A D - LI 494 968 9 ) A S ROk i 2%
T A sk SL4R A T ) g TR IS R T S A B
B AE T 23 [ ) Ao 9 &5 I I L 3% Bl it T
i TG sk P RS54 (B 5D . Nk, ZR N E R
R A A B Rk U, 30 Ma A2 A7 FF R L B
S I Bl Wi ds 1k (KT S5g) . Bl - 9K 2445 [ B
] S B 5K B B A8 4 ok R ALK, 290 30 ~26
mm/a""" |

(2) 7 By 5K B Be (27 ~20 Ma)

VA JEG A i i 4% 5 SRR AE 26 AT, DU VA 2 b L
P4 25z B B ny 7 5k O 11 43 ) ENE—WSW
A E—W [n] (& 5h), 47 5K 3 R A0 N 244 B B A
1o . MR ARG S5 Y R A A S DO D R KRR T
AL g H 2 BE k. ¥k .o R UL 27~
30 cm/a M9 3 B el b ) e AE ) T B A b
T A 2 A 3 A s AE R A FR TS 4E R FE R Bk b
O LG (B 50 . BB Y Ik o i EE L e
HEFE,22 Ma A2 A7, PRI A 3k O 78 247N 2801
(5 o a8 i — g — s 37 5k
F Y8, Y [ P9 0 BLVE dE LA 6A A 6B
il 2% s 1A 3 S MR EDIE T 3 — a5 H 2 B A T AT
PRAF2 A 5K 5 1], 975k R LY K hO AL R
2K e s 60 mm/a, BT . DU A ALY
YIRS B BERE T 10°~15°, KBS N—S 1]
S AT, 5K B AR B 2 AR

OIS K Fir Bt (20~15 Ma)

W HL VG AR B 5K 5 1 T 20 Ma Z2 A iR
E—W 45 35 NE—SW, ik 1 11 35 19 J7 ] i3 B 41 i
B P ok vk v BE Ay FL L W R & F (K Sk, b
WA MY kB AE 19 Ma 2247 300 B4 i 5% T 3K 40°,
T iy NE—SW 47 5k 8 A gk pots [ Jb 2R
J5 ) B8 2l 2 Y H AL E L 5k DUBCIR Y 3 58— B RF 2k
F) 15 Ma, ZBBOEAY 7K R 50094 5K 358 A0 X 45
I 47 Tk R AR AN T 5K D 1o 0 SR FE A 0 I AR B
TEHE B B B A L AV A K T 1) A Y B
V) A [) FT B 2 FR 0 2 A A X 1 AV 2 1) 7 e
AT, 16 Ma 22 Ay, K W2 A B 5 48 B 3 9 K
Bl 1 Gk Rl AR L AR R W A A A e B A AR T, DU i
F A HL VG 2 v A R K

DI EH BB (15~12 Ma)

15 Ma ZiAy  JEAR AR B L 60 mm/a (Y 3 JiF
1) b A ofr 2 BRI AR B =2 U R e VR A 1 [



#3575 W1 S 5 < A AR A A AT B 61 Ma LK O ¥ S 9 3K i R 37
60Ma 50Ma 45Ma 10Ma
~
P
\ 2o
F ; . K
K |
- - s L \
t Y 4 . i ——.', - m “ \ \
' YR AR H t .
a B AT B b A AR B 4 t:
35M : 30M > 20M 27M SB
a - ~ a D, ~ a \E%\A ~ ‘ AP
A ~
t 4
‘ 4
4
i rstee] 4
4
1 5 \
«
\ i )
S v
. v
. f | .
23Ma ;. 22Ma SB x 19Ma SB T5Ma “SB ([\;
=\ 4 == A f‘}é“ 7w
4 4 /9/
24 24°N| \
WPB 4 WpB KPR WPB e - KPR
4 ik "dA
= 4 = | P §
PVB PVBZZ R E
._PVB 5 ~-:: z :
P 5 400 3 AL

KPR-JUIN - 95 5 s WPB-P8 S 52 1 4 SB-1U [# g 230 ; PVB-0f B P4 4k 5 %5 45 s PVR-IA BL V8 4 B 54 45 5
KSC-20 7 ¥ 1114 ; S-TR-Shichito-Iwojima ¥ % ; WMR-7§ I HL I 44 5 4

Fig. 5

T ONAVE BB A KIS W22 A 28 B T Ll i oy
Pk H Y i . Kobayashi 88 I\ S 42 5 W 1 B 19 K
WG — e 3] 12 Ma, #H 2, f HPG 4 7 i 4
AR AREZT S8 Kk e S S
DU ] 9 25 0 20 e U L RO TR H S — R 1 2
GIAR 43 A7 R R 34 B+ B 2445 (&1 5D

4 4t

CU FEH 5 ¥ 20 ORI A 3 A vh T8 i 2%
ARBE S R W50 3 10 A 1) B AR A L L RE A8 Sk
153/ S N LTI A DS 1 S o
i KRB ) S SRR R AR I A T T
EZ UEISEEINI SUIEAVE b RN I S 1
AL TR E o HE R TR A 0 o 7 AR B B

() FEH T 4 00 B B R 7 5 o M AR b 15 3t
AR IR A VR AR 45 2R . T A A SIOR T T2/ A i
L LG A IR e f) T Y 45 52 I O 1 0 T 2
PR AE T UK B Sy o VAR A U A DY ] A A
VU 2437 10 23 AT 2 Y 1A 1) 9B D5 1) 3 5 R 1Y 8 9 A
P2 AR 3 5K T2 BE 7 80 A TR B R 18 AR A

Evolutionary model of the Philippine Sea Basin

ST AR T A 22 W IUR 9 5k A9 I )R 51

(3) MBS ARG LMY SRR A5 ) T ax
DG A — P A R B IR | R S
5 8 IR 95K LA KT 3k s AR . 9I0R 35K AT Y
AT RIS 7 T2 B B0 28 — A By B i B B i
SEERRAE R A A B 5K B0 Ak T IR 2L B 5K
il B B 2 AR B B — A 2l ad 3 Mas ¥
TE I w8 B I 708 A 28 A B B i
W BB I 47 5 5 X A 5 18 R ok S U A
W TE B 58 = A~ Bir B i By BE T gk AR B B BL
AR YRR Ik s T A 58 2B MR AR A AR U
Fay 35 355 Bl AR BB 5 Bl &b 9 S Al R A o R T E
AR 9 5K A SR AR B 5 OR ) el IR 5K
15 1k e — A Y B B

2 % 3 ik ( References)

(1] R, 0 2R L 3 4 4%, 14 36 A 52 I AR B Ok it 4 3 43 X [T .
Hi T RE 24,2013, 48(3):677-692. [WU Shiguo, FAN Jianke,
DONG Dongdong. Discussion on the tectonic division of the
Philippine Sea Plate[ J]. Chinese Journal of Geology, 2013, 48
(3):677-692. ]



38

T T 3 5 5 5 1] 0 o

2017 4F 2 A

[2]

[3]

(5]

[6]

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

AR R, ROBUR L AL ZR K R M S 00 A B R A
B [T, i 3 0T 5 50 U 40 M T, 2013, 33(3): 65-94. [LI
Sanzhong, YU Shan, ZHAO Shujuan, et al. Tectonic transi-
tion and plate reconstructions of the East Asian Continental
Margin[ ]J]. Marine Geology and Quaternary Geology, 2013,
33(3):65-94. ]
Zhang Y, Li SZ, Suo Y H, et al. Origin of transform faults in
back-arc basins; examples from Western Pacific marginal seas
[J]. Geological Journal, 2016, 51(1):490-512.
Xu S, Ye Q. Li S, et al. Sequential patterns in Cenozoic mar-
ginal basins of the Northwest Pacific[J]. Geological Journal,
2016, 51(1):387-415.
EH C /M, B E ARG SR NE SIS S R ik
HUE X HE LT, 8 3 50 5 505 DU 22 3 3, 2014,34(2) £ 159-175.
[WANG Xiaofei, YU Shan, LI Sanzhong, et al. Comparison
of active tectonics and earthquakes triggering mechanism along
plate boundary and within intraplate [J]. Marine Geology and
Quaternary Geology, 2014,34(2):159-175. ]
ZEAEH, TV VE RT3 G R T 5T R L e A b
KLIJ. HER B 3E &, 2011, 26(3):245-248. [QIN Yun-
shan, YIN Hong. Western Pacific: The strategic priority in
China deep-sea research[ J]. Advances in Earth Science, 2011,
26(3):245-248. ]
Karig D E. Origin and Development of Marginal Basins in the
Western Pacific[ J]. Journal of Geophysical Research Atmos-
pheres, 1971, 76(11):2542-2561.
Okino K, Ohara Y, Kasuga S, et al. The Philippine Sea: New
survey results reveal the structure and the history of the mar-
ginal basins[]J]. Geophysical Research Letters, 1999, 26(15):
2287-2290.
Okino K, Ohara Y, Fujiwara T, et al. Tectonics of the south-
ern tip of the Parece Vela Basin, Philippine Sea Plate[ J]. Tec-
tonophysics, 2009, 466(3-4):213-228.
Honza E. Spreading mode of backarc basins in the western
Pacific[J]. Tectonophysics, 1995, 251(251):139-152.
A BV, TUORTHEOR Z  E KIS, M
BRFBE A 3B, 2013, 28(7):737-750. [SHI Xuefa, YAN
Quanshu. Magmatism of typical marginal basins (or back-arc
basins) in the West Pacific[ J]. Advances in Earth Science,
2013, 28(7):737-750. ]
Louden K E. Paleomagnetism of DSDP sediments, phase
shifting of magnetic anomalies, and rotations of the West
Philippine Basin [J]. Journal of Geophysical Research At-
mospheres, 1977, 82(20):2989-3002.
Sasaki T, Ishizuka O. A revised spreading
model of the West Philippine Basin[J]. Earth Planets &
Space, 2014, 66(1):1-9.
Chamot-Rooke N, Renard V, Pichon X L. Magnetic anoma-

Yamazaki T,

lies in the Shikoku Basin: a new interpretation[ J]. Earth &
Planetary Science Letters, 1987, 83(1-4):214-228.

Kasuga S, Ohara Y. A new model of back-arc spreading in
the Parece Vela Basin, northwest Pacific margin[ J]. Island

Arc, 2006, 6(3):316-326.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Seama N, Okino K. Asymmetric seafloor spreading of the
southern mariana trough Back-Arc Basin[ M]// Subseafloor
Biosphere Linked to Hydrothermal Systems. Springer Japan,
2015:253-260.

Sharp W D, Clague D A. 50-Ma initiation of Hawaiian-Emper-
or Bend records major change in Pacific Plate motion[ J]. Sci-
ence, 2006, 313 1281-1284.

Haraguchi S,Ishii T,Kimura J I,et al. Formation of tonalite
from basaltic magma at the Komahashi-Daini Seamount,
northern Kyushu-Palau Ridge in the Philippine Sea, and
growth of Izu-Ogasawara (Bonin)-Mariana arc crust[ J]. Con-
tributions to Mineralogy and Petrology, 2003, 145. 151-
168.

Haraguchi S, Ishii T. Simultaneous boninitic and arc-tholeiit-
ic volcanisms in the Izu forearc region during early arc volcan-
ism, based on ODP Leg 125 Site 786[ J]. Contributions to
Mineralogy &. Petrology, 2007, 153(153):509-531.

Zeitlin S. Interaction between Philippine Sea Plate (PH) and
Eurasia (EU) Plate and its influence on the movement of
eastern Asial J]. Jewish Quarterly Review, 2002, 45(2):
263-273.

JRAR S, TANHL. AR AR P S I AR B 4 A AR T R H
X ARWAEIE S )], M ek Y P24, 2002, 45(2) .
188-197. [ZANG Shaoxian, NING Jieyuan. Interaction be-
tween the Philippine Sea Plate and the Eurasia Plate and its
Influence on the Tectonics of Eastern Asia[J]. Chinese Jour-
nal of Geophysics, 2002, 45(2):188-197. ]

FBEMS . XIRAE, REeT, & G55 LR 0N IEIE 5 X
whag e N Be A s W L. P E A DR kR,
2005, 35(1):88-95. [ZHENG Yanpeng, LIU Baohua, WU
Jinlong, et al. The topographical characteristics in the area
off eastern Taiwan Island and their tectonic implication[ ] ].
Science China D: Earth Science, 2005,35(1):88-95. ]

Hilde T W C, Chao-Shing L. Origin and evolution of the
West Philippine Basin: A new interpretation[ J]. Tectono-
physics, 1984, 102(1):85-104.

MREAE, BT AR R R R AT ] WA
2, 1998, 22(6):29-31. [LIN Meihua, LI Naisheng. The
surrounding Trench geomorphology of Philippine Sea[ ] ].
Marine Sciences, 1998, 22(6):29-31. ]

Hickey-Vargas R, Ishizuka O, Bizimis M. Age and geochem-
istry of volcanic clasts from DSDP Site 445, Daito Ridge and
relationship to Minami-Daito Basin and early Izu-Bonin arc
magmatism[ J]. Journal of Asian Earth Sciences, 2013, s70-
71(1):193-208.

Cao L., Wang Z, Wu S, et al. A new model of slab tear of the
subducting Philippine Sea Plate associated with Kyushu-Palau
Ridge subduction[J]. Tectonophysics, 2014, 636:158-169.
Wu J, Suppe J, Lu R, et al. Philippine Sea and East Asian
plate tectonics since 52 Ma constrained by new subducted
slab reconstruction methods[ J]. Journal of Geophysical Re-
search Solid Earth, 2016, 121(6).4670-4741.

Doo W B, Hsu SK, Yeh Y C, et al. Age and tectonic evolu-



2

RV e

AR K 61 Ma LIk i G 57 7K o i o 39

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

tion of the northwest corner of the West Philippine Basin[ ] ].
Marine Geophysical Research, 2014, 36(2-3):1-13.

Sdrolias M, Roest W R, Miiller R D. An expression of Phil-
ippine Sea plate rotation: the Parece Vela and Shikoku Basins
[J]. Tectonophysics, 2004, 394(1-2) :69-86.

Ve, TRIRAR, B4, U EE AR IS VTR IR BT AL
(I, e Pe3h 5 5 45 DU 20 0 B, 2004, 24(2):119-123. [XU
Shumei, ZHANG Xiaodong, ZHAI Shikui. The origin and
sedimentary environment evolution of the Shikoku Basin[ ] ].
Marine Geology and Quaternary Geology, 2004, 24(2) :119-
123.]

Okino K, Kasuga S, Ohara Y. A New Scenario of the Parece
Vela Basin Genesis [ ] ].
1998, 20(20):21-40.

Marine Geophysical Researches,

Seno T, Maruyama S. Paleogeographic reconstruction and
origin of the Philippine Sea[]J]. Tectonophysics, 1984, 102
(1-4) :53-84.

Mrozowski C L., Hayes D E. The evolution of the Parece Ve-
la Basin, eastern Philippine Sea[ J]. Earth &. Planetary Sci-
ence Letters, 1979, 46(1):49-67.

Yen HY. LoY T. Yeh Y L. et al. The crustal thickness of
the Philippine sea plate derived from gravity data[ J]. Terres-
trial Atmospheric &. Oceanic Sciences, 2015, 26 (3); 253-
259.

Deschamps A, Lallemand S. The West Philippine Basin: An
Eocene to early Oligocene back arc basin opened between two
opposed subduction zones[ ] ]. Journal of Geophysical Re-
search Atmospheres, 2002, 107(B12) :85-102.

Tomoda Y., Kobayashi K, Segawa J, et al. Linear magnetic
anomalies in the Shikoku Basin northeastern Philippine Sea
[J]. Journal of Geomagnetism & Geoelectricity, 1975, 27
(1) :47-56.

Louden K E. Magnetic anomalies in the West Philippine Ba-
sinf M]// The Geophysics of the Pacific Ocean Basin and Its
Margin. American Geophysical Union, 1976:253-267.
Ozima M, Kaneoka I, Saito M, et al. Summary of Geochron-
ological Studies of Submarine Rocks from the Western Pacific
Ocean[ M]// Geodynamics of the Western Pacific-Indonesian
Region. American Geophysical Union, 1983:137-142.

Klein G D, Kobayashi K, White S M. Introduction and ex-
planatory notes, Deep Sea Drilling Project Leg 58[C]// Ini-
tial Reports of Deep Sea Drilling Project. US Government
Printing Office, Washington D C, 1980.

Ingle J C. Summary of Late Paleogeneneogene Insular Stra-
tigraphy, Paleobathymetry, and Correlations, Philippine Sea
and Sea of Japan Region[ C]// Initial Reports of the Deep Sea
Drilling Project. 1975.

Okino K, Shimakawa Y, Nagaoka S. Evolution of the Shiko-
ku Basin. [J]. Earth Planets &. Space, 1994, 46 (6);463-
479.

Scott R B, Kroenke L., Zakariadze G, et al. Evolution of the
south Philippine Sea: Deep Sea Drilling Project Leg 59 results
[C]// Initial Reports of the Deep Sea Drilling Project, V59,

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[54]

[55]

[56]

[59]

U. S. Gov. Printing Office, 1981.:803-815.

Gradstein F M. A Geologic Time Scale [M]. Cambridge:
Cambridge University Press, 2004,

Hall R, Ali ] R, Anderson C D, et al. Origin and motion his-
tory of the Philippine Sea Plate[ J]. Tectonophysics, 1995a,
251(1-4) :229-250.

Taylor B. Rifting and the volcanic-tectonic evolution of the
Izu-Bonin-Mariana arc. Proceedings ODP[C]// Scientific Re-
sults, 1992, 126.627-651.

Watts A B, Weissel ] K. Tectonic history of the Shikoku
marginal basin [J]. Earth &. Planetary Science Letters,
1975, 25(3):239-250.

Shih T C. Marine magnetic anomalies from the western Phil-
ippine Sea: implications from the evolution of marginal basins
[M]//Tectonic and geologic evolution of southeast Asia seas
and islands. American Geophysical Union,1980,23:49-75.
Sella G F, Dixon T H, Mao A. REVEL: A model for recent
plate velocities from space geodesy[ J]. Journal of Geophysi-
cal Research Solid Earth, 2002, 107 (B4).:ETG 11-1-ETG
11-30.

Kobayashi K, Kasuga S, Okino K. Shikoku Basin and Its
Margins[ M]// Backarc Basins. 1995:381-405.

b, RHE, XN &L E MIGRAmE S R )]
TR R 545 U0 H 5T, 2012,32(6) :55-78. [ LI Sanzhong,
SUO Yanhui, LIU Xin, et al. Basin dynamics and basin
groups of the South China Sea [J]. Marine Geology and Qua-
ternary Geology, 2012,32(6): 55-78. ]

Sibuet J C, Hsu S K, Pichon X L, et al. East Asia plate tec-
tonics since 15 Ma; Constraints from the Taiwan region[ ] ].
Tectonophysics, 2002, 344(1):103-134.

Yin A. Cenozoic tectonic evolution of Asia: A preliminary
synthesis[ J]. Tectonophysics, 2010, 488(1-4):293-325.
Macpherson C G, Hilton D R, Sinton J] M, et al. High
3He/*He ratios in the Manus backarc basin: Implications for
mantle mixing and the origin of plumes in the western Pacific
Ocean[]]. Geology, 1998, 26(11):1007-1010.

Ishizuka O, Taylor R N, Ohara Y, et al. Upwelling, rifting,
and age-progressive magmatism from the Oki-Daito mantle
plume[J7. Geology, 2013, 41(9):1011-1014,

Arculus R J, Ishizuka O, Bogus K A, et al. A record of
spontaneous subduction initiation in the Izu-Bonin-Mariana
arc[J]. Nature Geoscience, 2015, 8(8).:728-733.

Ishizuka O, Tani K, Reagan M K, et al. The timescales of
subduction initiation and subsequent evolution of an oceanic
island arc[J]. Earth & Planetary Science Letters, 2011, 306
(3):229-240.

Lallemand S, Deschamps A. Geodynamic setting of Izu-Bo-
nin-Mariana boninites[ J]. Geological Society London Special
Publications, 2003, 219(1).:163-185.

Whittaker J] M, Miiller R D, Leitchenkov G, et al. Major
Australian-Antarctic plate reorganization at Hawaiian-Em-
peror Bend time[J]. Science, 2007, 318:83-86.

Seton M, Miiller R D, Zahirovic S, et al. Global continental



40 T Ml S 5 D 20 b SR 2017 4E 2 A

and ocean basin reconstructions since 200 Ma[ ] ]. Earth-Sci- 1983, 95(s 3-4):221-232.
ence Reviews, 2012, 113(3-4).:212-270. [66] Cosca M, Arculus R, Pearce J, et al. "°Ar/*" Ar and K-Ar

[60] Hall R. Cenozoic plate tectonic reconstructions of SE Asia geochronological age constraints for the inception and early e-
[J]. Geological Society London Special Publications, 1997, volution of the Izu-Bonin-Mariana arc system [ ]J]. Island
126(1):11-23. Arc, 1998, 7(3):579-595.

[61] Macpherson C G, Hall R. Tectonic setting of Eocene boninite [67] Taylor B, Goodliffe A M. The West Philippine Basin and the
magmatism in the Izu-Bonin-Mariana forearc[J]. Earth & initiation of subduction, revisited[J]. Geophysical Research
Planetary Science Letters, 2001, 186(2):215-230. Letters, 2004, 311(12).81-84.

[62] Hall R. Cenozoic geological and plate tectonic evolution of SE [68] O’Connor ] M, Hoernle K, Miiller R D, et al. Deformation-
Asia and the SW Pacific: computer-based reconstructions, related volcanism in the Pacific Ocean linked to the Hawaiian-
model and animations[ J]. Journal of Asian Earth Sciences, Emperor bend[J]. Nature Geoscience, 2015, 8(5):393-397.
2002, 20(4):353-431. [69] Honza E, Fujioka K. Formation of arcs and backarc basins

[63] Hickey-Vargas R. Origin of the Indian Ocean-type isotopic inferred from the tectonic evolution of Southeast Asia since
signature in basalts from Philippine Sea plate spreading cen- the Late Cretaceous[ J]. Tectonophysics, 2004, 384 (1-4) .
ters: An assessment of local versus large-scale processes[ ] ]. 23-53.

Journal of Geophysical Research Atmospheres, 1998, 1032 [70] Watanabe Y. Late Cenozoic evolution of epithermal gold met-
(9):20963-20980. allogenic provinces in Kyushu, Japan[J]. Mineralium Depos-

[64] Hall R, Ali] R, Anderson C D. Cenozoic motion of the Phil- ita, 2005, 40(3):307-323.
ippine Sea Plate: Palaecomagnetic evidence from eastern Indo- [71] Ohara Y, Kasuga S, Ishii T. Peridotites from the Parece Ve-
nesial J]. Tectonics, 1995, 14(5):1117-1132. la Rift in the Philippine Sea[ C]// Upper Mantle Material Ex-

[65] Tsunakawa H. K-Ar dating on volcanic rocks in the Bonin posed in an Extinct Back-arc Basin. Proceedings of the Japan
Islands and its tectonic implication [ J]. Tectonophysics. Academy, 1996, 72.118-123.

CHARACTERISTICS OF MAGNETIC LINEATIONS AND
RECONSTRUCTION OF SEAFLOOR SPREADING PROCESSES
OF THE PHILIPPINE SEA BASIN SINCE 61 MA

XIA Chenglong'?, ZHENG Yanpeng'?, DONG Dongdong*®, QU Hongbao',
ZHANG Xuexian'?, LI Xianfeng'?, HUA Qingfeng'"’

(1. Key Laboratory of Marine Sedimentology and Environmental Geology, First Institute of Oceanography, SOA, Qingdao 266061, China;
2. Laboratory for Marine Geology, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266061, China;
3. Key Laboratory of Marine Geology and Environment, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 2660713

4. Marine Geological Survey Institute of Hainan Province, Haikou 570206, China)

Abstract; The Philippine Sea Basin is the largest marginal basin in the Western Pacific. As an important
part of the most spectacular trench-arc-basin system in the world, the formation and tectonic evolution of
the Philippine Sea Basin can constrain the complex kinetic process of the ocean-continent transitional zone
in the Western Pacific effectively, Magnetic lineations are an important evidence of seafloor spreading and
their geometrical morphology can reflect the time, direction and speed of the seafloor spreading, which
provide crucial information for reconstruction of the opening history of ocean basins. The magnetic anoma-
lies in the West Philippine Basin and Shikoku Basin occur in an obvious banded pattern and the north-south
zonation can be recognized in the Parece Vela Basin, although the characteristics of magnetic lineations are
not distinct. Based on the analysis, comparison and interpretation of these magnetic lineations, the Philip-
pine Sea Basin has passed seven spreading stages and a scenario of evolution from 61 Ma to present was
proposed. Furthermore, the tectonic evolution and general opening processes of the marginal basins starts
from rifting, and is followed by back-arc spreading with high speed, back-arc spreading with low speed,
and the tectonic activities after opening.

Key words: magnetic lineations; seafloor spreading model; tectonic evolution; Philippine Sea Basin



