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Seismic survey in Huatung basin and its tectonic significance
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Abstract: In the western Pacific, the Huatung basin (HB) might be a unique Early-
Cretaceous oceanic basin located at the junction between the Philippine Sea plate (PSP)
and Eurasia plate (EU). The HB is the key region to understand the geodynamic
evolution of the western Pacific as a whole. It is a natural laboratory to investigate the
interaction between the Earth’s hydrosphere and lithosphere of a subduction system.
Some essential scientific questions need to be addressed based on the previous research.
What is the nature and age of the crust in the HB? What is its history of formation and
evolution? What is the uplift mechanism and tectonic nature of the NS-oriented Gagua
ridge? For the Manila subduction zone, acting as the western boundary of the HB, what
is the water content in the sediments and in the upper and lower crust of the subducting
slab determined by the detailed seismic velocity structure? What is the mechanism of
water emplacement? An active- and passive-source seismic experiment is necessary to
be carried out also including sample dredges in near future. The crustal and mantle
velocity structure beneath the HB could be acquired by the use of joint inversion of P-
and S-waves. These research will not only provide geophysical constraints to
understand the interaction of the Earth’s hydrosphere and lithosphere of a subduction
system, but will also contribute to the understanding of the tectonic framework of the
western Pacific. More importantly, it is a pre-requisite before getting drilling ground
truth in the HB.

Keywords: Huatung basin; Deep seismic survey; Gagua Ridge; Manila subduction
zone; Tectonic evolution mechanism
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A AR N U ER 7 S b ) S B R A, B A AR AR DR S EE AR B A
M5 JE RO R RE S RIE « A AR R P2 AR T BRI . 0 Aedbe
POERIA Ok HAESE, 2011, 2012)  HEZREBE) “ a5 #>” (Sunetal., 2007) .
A 1 3 Bl i S8 A2 A Bl Bl 2% DA S — R BN RBTAR U B (2 5K)%, 2011; JA
FHRINE, 2017) &, BT AP AR ZMRRE R AR ER, K&
Fo OVH RAEHBRIR AL, DAL, X RSP RN IR RS A s 3 A0 77 SRR 9, N
TH SRR i) @ A UM

PEIRIG R VIR R RGP R B I — N AR R, AT 3R R
B (PSP) HRRWEARIR ATV AL MG S S e 4T i, MG BN EE (5
25 2007 ), AR TP AT EEAR B\ 1 22 20 287 A AR T 10 5 8 77 24 ML 1) 5%
X (EILAE). A E b, ERE A TIRIE 6 AR il (£)19°-
24°N, 120°~123°E), [fifR£12.23 x10*km?, S KAhFg LA 25 7, %~150 km,
£:~250 km, JLiRFEHE (2000~4500 m) (B2). 7EMigEArE B, HpEm LD e hr
fifrhaly A, ARG E SN BN, 5 G R E0H 2 (kAL 5 R 5 I
% (Quaefb etal., 2013; T @1 Fi, 2017); H AR 1 LUII /R4 (Gauga Ridge) (123°E)
NF, HPEIEAEMEAER (Deschampsetal., 1998); HeAb iy B Bk ik vA) 1) BRI Fifi
ZAffr (Gutscher et al., 2016).

6 7R ¥ 20 (%) P 2V o B ) A T 2 v R HH A E-W ) i S Ok T
(Hilde and Lee, 1984); T4 v AN 150 km, (K EERL R 7 261 0 58 AR R A7
1EZ e, HEWT A b EHY A : 41—36 Ma (Hilde and Lee, 1984). 15—30 Ma (Kuo
etal.,, 2009). 52—43 Ma (Sibuetetal.,2002) Z5. JGK, {ELCARIEFEIEM RIAGHE
KAEFE N (RDIOMIRD20, fiiE WLE2), B ) CArPAril4F 131—119 Ma
(Deschamps et al., 2000) #1130 Ma (Huang et al., 2019), x| HEKi 1€ 4 i 7 4F
WBAR O M, BORNIEATE IR R S ROV KN 2 BRI VIR R Ak
APEFERIME—HLIX o BT AT B R KL B TARVR FEAE AR i b, R L KT Rk
TR AT b AT H, 2017) . {6 4R35 7 DA R 1 SR 52 AR S A 14 v 3 s 1
BAATELEFEE (QueafD et al., 2013), R—ESHABERE —MER, M
FFIEAT HBBRAL 255 LU 58 (Deschamps et al., 2000)

FEB AR ], PSP 2 BRI AR BRSP4 AT AR 2 8], 25 3 5% AR BT
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Frrs SRAR K Y R M, 6T 25 gl A AR AR B RSP AR B 5 MR AR B 2 (8] ()32 3 2 A
HNFER BN AN AT A ML RS 5 R RN, 7F A SRl A AR
N IEEE R AR AT T ARE FHE (QuaefD etal., 2009; QuaefD et al., 2013; Balmater
etal., 2015), FfJa X T ROEARSITHE B BT Y) — it s, Kicket Gk
2200 km) AT RIIASHIAIE (Hall etal., 1995 ; Lee and Lawver, 1995; Hall, 2002;
Quaer et al., 2007; Wu et al., 2016). {E7R#FHAE NPSPRE AR AT EE, [FIRS X2
WA & IE B I8 B 2 N R TR AR AL 1A (Huangetal., 2019), Ak,
A AR B AE ARG 20 72 AR T VP R ST P AR A s R 3R 1 30 ) 2 18 R FLAE AR I B 4
I8N — e H A

BI1 FEZR I 2 DX A o B /KR T [
W ITHE Y EI27E .
Fig.1 The regional tectonic map and bathymetric topography of Huatung basin

The yellow box is shown the domain in Fig.2.

[FIIS, F6 2R AR AR KRR BT AE B AR SR SE X8, fEAE ARG 27T e

BT ST AT LA R PR R T ] B S5 it 72 14 B B e mtigcdl o« RV R B4R TRl (1IODP) £E

[ b IR 2 A e v e BB S P E R (ARIA)SE, 2017), A IR FERG PR T
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R =44 (1998—2018) LI, FLIHHBAEFGlESENE 1“4+ 17k B RFERG TR,
AL 1 B AL R 7T P 1 R AL (TR S, 2018); mi R TH 5 i AR PR B AR
B AR S RIT 2021 SE R RAE,  ARR A LA DUSE K AT g JCPE Rl R (145
AT ST DAE (VEASE, 2019; BERIVE, 2018), HAEACRMER ) SLEEiLERE
FSCBES H] (Sunetal., 2007), {ERERTHARFEZMBT AR, E5MHEF
BB R AACERZ BRI, T8 E O AR KRR T B A 51
S X Ik (SR, 2019), DISHR 55 T PU AT i AR ARTR T R B ) oK s 22
EX NPT B

£ PO TR R G 2 B Z M AR BT RISCRE Y, NI E R
FAEACR IR FIT LR & M ER M B & 50 70 a ok 1 AU AR AT LIS S5 Pkik .
ARICE LR TR D R IR 45 R R TR, SR AE AR W S X 2 7
R LR R SRS, 9 TR IR BRI, AR T ARSRAEAE AR I AT
X St P £33 L R R0 PR PR AR S8 Tl s 5 B B 1 P 2R T (R T 7 e B 1 o
BB L.

2 TER G RIRNBT FTTHAR

VLA RAE AR 7 52 21 B Bt 2 SR e B A, A X AR AR JE T — L84 e
BHhRE. B, B, WEHEIC (ocean bottom seismometer, OBS) 7=
SO BRI (Hsu et al., 1998; Sandwell et al., 2014; x| B354, 2017; fh
K4, 2018; Doo et al., 2018). IARML = PRI 3= Z A0 1520094 1 [H G IE X 556
[ L E A 92 TAIGERTHE! (Taiwan Integrated Geodynamic Research) =2
FZE (T1. T2, T3, TARITS), LLK20154FF20164E 5K H AR # I & F A/
b B ER P HE AL ST VK 92 (1 OB S2015-2F10BS2016-214k ([&2) . TAIGERTT
R, AR ZERTS (Marcus D. Langseth), fff Ff) 4 <10 28 SHFES,
R AL 660037 77 95T, AR IRIRE VT F8 m, [T A R VR AIRE 120 m,
ZIESHEIR AR50 m, ZiEMLIE R N12.5m; OBSH &1 K2 R 157
JCREN (Eakin et al., 2015), OBSIH#i10~20 km, KFEAIZ 250 Hz. OBSH#H
BFERPE. ML, TEEAKIT 84N EEE, KA 2E4 ms,

FE20154F Fg i AL O ER Y BRI i vk b, P M A b B R B B TR A
FITH<s286275 52l Z0BS2015-247 T21 NAZ B, K 4190 km (X1 B4,

2017). JEUFH3SZBolt 1500LLA KA ESAEATA AL, FRABH E42.475 mP(a &
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127.425 m®), IR A RO s 1SR AR IREUR KIS 5 44 ~8Hz,
VRS, AR R B, JE RS A N TR M 45 M I AT GBIV
2008). OBSKAfH ¥ EH N250Hz, TAE/KERE A N5000 m. SE36d 2 H 345 7%9
£0BS, #UlAIFEZ)15km, FIK9EG, HOBS02 & iR IRIR, HA8E HdEid3%
JR R, B sE B R BT 90%, 15 e Lh ok, IR 4 i B E (X E S, 2017).
20164FE 58 K 10BS2016-23 2%, 50BS2015-24H3%, K130 km, J£4%ji94 OBS,

AEERIENL (2D, 20164E AR IR 58 A 1 = 4E MR IR HB BRI (3D-2016) (F&2)

CIREEIRES, 2018; BXHHMESE, 2018) . X LU FL T/ VCNTZL X ATF v A1 35 45 A4
FA R T R EREAERE , AR 1 PG 510 A Je B s R AN Fe e it 1
HPEIEA, TR IE P

B2 TEARHF L S AR IX AR M R SN IR

OBS1995. OBS2015-2. T1-T5 JlIZk. OBS2016-2 =4k M % 3D-2016 L AHFFE X O [ OBS ¥4 1175
Ly RSN 10 KB LML (H1-H8, VI-V2); K st 2 MCS973 = 4t Hh gl . 27
(RD19 1 RD20) NHEK AR E; 4R A I0DP H:4 DSDP293.

Fig. 2 Locations of deep seismic profiles in the Huatung Basin and adjacent areas.

The detailed location and deployment are shown in Fig. 6. OBS1995, OBS2015-2, T1-T5, OBS2016-2 and 3D grid

3D-2016 lines are already finished OBS deep seismic lines in the study area; the white solid line is 10 long-cable
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multi-channel seismic reflection lines (H1-H8, V1-V2); pink solid line is the MCS973 reflection seismic profile.

Yellow stars (RD19 and RD20) are the locations of the gabbro samples; the green circle is the IODP site DSDP293.

T1. T2, TARITSIRME S 52k (2D 05 5 1 e R A 5 s (-
3), 4 FIMLARM LR (Eakinetal., 2015) £, TEHREHEA LW KT ERE
(5~7 km); T IR A 58 1 )5 21 e i 265 DL (12~18km), FHANAS X}
PR, PUGRARBE. XUegh L (EI3), AL 0T R PR T ER i 1 AR
SR, ERBREMIX 4 KOBSMEIRMAAEE U FAL: (1) OBSEMiMER
B, BubEEERS (1020 km); (2) S FARBEBAEMMELICTFKERE, A
WOk, SEAERAIRE FAHRRGE (E3); (3) HIRE T (P HE
ik, WAITREREN (SED ML (4) 2238 R INZR S AT 5 28 4E fif
BN PG IR MG, AFEN R IR AL, WK, ARUIFREZAiE
BRI T (B2); (B) bR 4 FPrdhgeas FoE R A T BER i,
BERSPHEEEFM (0. PcPHIPMP) SR E B S A (. JifHEE
J&~ MONOTHI 5 ), K] L 7E A5 AR TR S50 i 435 40 o Y8 7 40 o . B2 ) A s S T (TRI3D,
RO 2 18 SO H1HE B 2 M AEDN 7 Moho 51 ¥ g (Eakinetal., 2015).
BT FRENE, SEUREESHPREE, Wit SsmaEEA R, &
T AR ARG 2 S 3L 5 P SRR 5= 0 Lt 9



3 LRI TAIGER HIH 4 2528 4) 22 JZMT G R FE S5/ B (3 Eakin et al., 2015)

a. by cFld 2k T5. T4A. T2 il T1b LLHIHEE S5, ML E LK 2; AGELRN M 2E R x5
HITHEN A Moho S s HB: fE4RIER: GA: IJKEE; NLA: JbE ARSI WPB: VHIEE R &

Fig. 3 First-arrival tomographic models along T1b, T2, T4A and T5 profiles across Huatung Basin
in TAIGER plan (after Eakin et al., 2015)

a, b, c and d are the velocity structures along the T5, T4A, T2 and T1b lines, respectively. The position of the lines
is shown in Fig. 2; the white dotted lines and M are the Moho interface estimated from the reflection profiles; HB:

Huatung Basin; GA: Gagua ridge; NLA: North Luzon arc; WPB: West Philippine basin.



3 TEAR MG AT 5 THI s Y B B )

(1) HHREBZEKER. F# IR

I b e, FERIGRE I — BEAFAENRSFERZS, BTz A5
LR HoAh 7870 O3 BT UESE , TEARIF AR A58 — Nkl T Ja
AWK e Mii T 1, RAERIERE A ReE T AR R, L
VRO VE AR B B — BUBE BRI “AER”, FRBEE B AR i S 3R Sl 2
ok, sk T AR PE KT R S IE A I R . BARAEAE AR I T
RAFIRAG T B AR (B2), AR A A0 il e e AR e 9 B AR
SR, AEE R, IXPEEER, —SRE BAREIN (R19), —ARE KGR
(R20), REMHIEMACRACARME G AIFEES? BRIk, AIHHE MR SR A
PRI E R SA A A, LA ITERIGZAIVE I SRl S s A X R PR
S B FLART ae e R A e A0 T S R 2 e T i 5 1) )35 1 7 05 2801 A AN G B 1
o

(2) i REEE B R DL A A3 R

TR I R 3L o N R4 (GaguaRidge), 53 i 75 AHRE . (Eith
b, ZEERINEILER . K300 km, %530 km. 5 EE2~4 km; Hall et al.
(1995) AN 72— 5 i & I Wr 2Ll 5 717 (Fracture zone) . 1 Collot et al.
(1995)I\ A, HH T RS BINARR M AL AESE R, 18 R S AR BT
A6 EIPE R 77, AN Dn IR O R S AR R I A e B AR 7 . ol IR b 7=
AR (B3 N, IS e sk, SMmMeesermtt, Foihse )5y
RIS, Ry B T 3R SR AR ) TR 2 — I “ RAFF I b7 1 45
- (Deschamps et al., 1998; Eakin et al., 2015); it #2 AT 20 B T = AP B
(Deschamps et al., 1998): (1) 45 Mapl, JEEERRAE TEH, WY kT
] SR FINE-SW Al 46 AR BEN-S ) s REs, 378 i T o464, N-S ki
TERC (Bldad, TR s e 36 T I BOI TGS RS (2) 1E41—44
Ma, I T-H5 R 1M 7= A I E-Wal B2 3 /E T N-S R Y - 4636 78R % (El4b),
o 52 21 S 31 F (transpression) i i s (3) 2 755 = BL, BT H820
PEAEH, FEF RSN BITE ARG T, TR RO B 5T RS0 (El4e).
TG SR B EREA A Xk, 520 km S ELIA N MRS, SEWTE — 5520 i
A E M 2 H BRIV 2 T (Sibuet et al., 1998) . {HIX L AN H KL . £
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18 S A TAIGER BRI AR BEHEIRT, 124 M IR E AR R dE . XX
A “CRYTE” R, A UG (41—44 Ma) (Deschamps etal., 1998) FlH
Hri (23 Ma) (Eakinetal., 2015) PRAPAL A, 0F 235 AN 8] A AL 3 e 4 g 52

4 AT L R B (P8 Deschamps et al., 1998)

Fig.4 The schematic diagram of the Gagua Ridge formation (after Deschamps et al., 1998)

(3) BRMIFHHIENERBEN LR, EEMERTEKEMNE
T 1 AL

BRI, Sy SR hi AR rh s T e 46 AR 2 B VE IR A (812D (Huang et
al., 2019). R IIKE R TIE AR b GEATH, 2017), fEZRIE 4 LU
SRR MG ES) WA AR R (Quaerd et al., 2013). {HFEEIF
JREAE F A 1 ) ) b 5 45 R 56 LU SR — 2B 38 IE
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I Je s s AE g A AR LR TR B I oy, AR 5 35 & Bh i iE ik (]
5. MM KA KIS (~15Ma), FRINFEIEFFEF (~33—15Ma) (Lietal., 2014)
FRUBI T JE FLEEVA 1R ZR AR B0 AR g AN FE A SR B 2 R (3547 #, 2017; Liu
etal., 2018; Huang et al., 2019), HFrAARdL & AR K 1l By & AL V& AE H A ARTE R i
@2 b, BREIIMEAEN SR (Zhaoetal., 2019). AN 4SRRI E T
I RIEZREFR T ? HRB AL R4 SIS “ R$rImm” 17
G S FIORER? AR s 25 443G B T R FE S5 1 . N R s 4 73 JOIRAS AR AL,
REE 52/ W8P bR BAE H S AR IS B AR R 4548 (5D, dnfal s 25 (o
BL S LB 15 R 2 AR R 25 7K B AT 2 Ml i v 22 Gt A P ol P2 & ) (2 1
4, 2019) 7 IRFAR TR W JE R TE A AeT s e B e SUA R FE (BI5) 7 BiREL
7 I 0 B s R FHATL A (%) B2 Al (Stern, 2002), A A& B 5K 3 28 F}
RGP EHER RS 2 1B Z A TAE 7 B KBTI B B A e 1A% O
B @ (RS, 2018; #REISE, 2019; FRIEJSE, 2019), TEZZEL. ZMEAR
FBALF S IR R R Gk} 2 W FE f R o

5 TEARIUG 7 e FLAR VG SRR Beids S = 45 IS H T 1) % 5 181 J2 AH LA FH 7 2 B (15 Tian et
al. 2019 &%)

Fig. 5 Three-dimensional topographic map of Huatung basin and schematic diagram of multi-
11



layers interaction (after Tian et al., 2019).

4 FERIGHEL S HER RN KW

T R b ) B R A ), A AR AR T T X T R TR B R h BR A 3
CRATRMSELES, VAR ARG 785 PE SRR 50 A IR SR 45 W AR AE o BT H TR AR
M2 (OBS2020iU14k) (El2,6) 28 fe ARG A AN, BlIAFEA =g 2 va It
5, VU5 OBS19954H & , #4) it i 22 > Hib Jii 149 36 BRI R ThT .« 28 _F A7 12 OBS
Buk3lE, HubElIE7 km, AN TIEBURBE, HHMET 6 5650 OBS L i R SR
FRERA W FREERIE X 2 K4 2 kA (E2) SRt R AR T
VR I VR IR IR LR AT IT, SREZII 2R BG4 — o 19 FE 25 1) i
(B35 PRI, SUHESE . Vp/VsSIARA LLHIT), B S R i
B RIFM . RIPSPHg & VAR E M ST R S SR AT, BT
BT, AT BT AE R S LR/ P S . 5 SR g 0 M 5 I SR e 1 22

[=A
Jt o

Kl 6 JEAR I A5 AR L RR PR 22

A2 0 N T E N 28 OBS2020, 2L falH v i OBS, :Afjk 31 &, OBS [AIEE 7 km; AN 7
& WA K OBS, M ERIK 6-8 N, T idR KRN ELE: 4 4R SE B EREA IR L5
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Fig.6 The suggested deployment map of comprehensive deep seismic survey of the Huatung

basin.

The thick white line is the air-gun shooting line; the red circles are 31 short-period OBSs with 4-component, 7-km
intervals between OBSs; the black circles are 7 wide-band long-period OBSs recording 6-8 months earthquakes on
the sea bottom; the red serrated solid line is the boundary of the Ryukyu trench; the red stars are 6 geological

sampling sites (trawl/shallow drilling).

BeAk, ArLAEE 76 KIE64 Lk M v A OBS Ky (1&16), HIRAILLid
FIT R JT I (Kuoetal., 2009), a0 5 #ahR£8 & HERY) A 45 F n] LR
ar bR LS B R RO BT RS iR E I, oK S AR SR B AR R
A5 RIAL B AT APIRES o

R, BEiT6/ a0 REE AL GERATRESD, 72Rlb FIERERE . IR &
FER IR EVE G MAFEEAL (2,60, RRBPFER A, #TRGENEAES
WERL AT, 5 EME R ITI A AR AT XL, JRES & e p R Y
GORL, WA ARG R R SO RO VE . R0 TR REAL, 7 R i
PN

5 WERBHEMTRE

ZR BT, TeAR AR DN R 2 R, S PR SE 2R & s ER )
AR COBSHTHT MR . RIRH AN H AR B RAT ). FFAE O R Z A
HERPIE TR (ZPRMIE . ZIEMRE . FrafiE . s, B BoEat b, Xy
TEAREEHIT R AT, BA HER R L.

R FH A IR ol R I s 5 T 2R T A R e 2 BN AR I BT T8 v i oy ot
HIREA . WTHIIA E SRR s (FEMIATEARS ), 0 L TAEARHEE L I
BRI GRS RO (E6), R MRS TFB, JIkRE
BRE A, HATFEAER . HERLZE . SIEREE A RIPIME S (RD19AT
RD20) JF XS EEWEIT, ML R EACEABRAL A S A L, TR ZL . TN
JIGHER S AR Tl AL 3 S VE SR b ot 5 b ER A S 0 o R AN A e AR A RASK
BEAS VAT PR R 4 2 PR L) 3 S P B R 2 K R FE RORE 22 ) R, D9 G AT L B
G2 2 B BAF R OER R SR 2 BT TS AT I N 2
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PRI F AR BN, AT R RS 7 P 5t LA e B s 5 5
IR EANIE, AA R DU TGRSR 55 v SR i DAl b CEI2ANIEIS) o ph Al
Ly JE AR ity 2 SRR I VBT RAT, HRESA s AR A . A E RN
FE AR SRR A A R I ZL AR AR IR p R AT ), ARG IS 4R R B B
IR RIS P AR, A, N AFRESM R EZ T R
FERE AT B JE fr i A It BIE R 2 N, AR SR AR AR 4 R BT i b 214
IRIGHZ T S A T AN RIS I A AL R 1 2 32 e A i o 5 e
W DXANIR] 7 XAk 25 ) L (A A R AT EE AN TS 15 SE AR BT B ) R R} 2 iR

BUgt: U ARTE] . Jean-Claude Sibuet. J& &5 FN#E 27 bt 7 G2 0t T S0 3 4 L N B K
Bl2f ) T T 4E T B J198 5 JBOH A7 B 42 5 R A6 AS SO HH ) 5 B O AT
W B E Tam. e SPLERp T A IS 5AS, Et— R .
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