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Figure 1. Map showing the distribution of plates and subduction zones in SE Asia and the geographic location of the areas discussed in the 46 papers in this
Special Issue.

] 2.1 Geological Journal 423 ) “ P Ve — 8" & 4 kR LR 404

R E BRI SR AN AL, (H W N FE SO BT S A AR T RE RS
M 1R 2R, e ER R AR TR AR b, Y. B, 15
e 4 J= P DR AT REAS [ T35 R A e i J2 R R OO, L AR L 65 B R R S R T 81
TR LR, PR A R MG BRI, 55455, IXERHE AT E bR BRI R
. T 25 R EZ BERL T RIRART .

1. FFFELE®
(1) B R Bl ) e 2 BN RV A Bl R 4T T

VR #5715 (Ocean-continent transition) J& K5 KA EAFEH RSB X, X T
PEARFI R R PEFN R B (MRS 1 B2« BLRITC R HE, — B R ANAE [ Br i 0t 52 (1) A1
W o AR G 7o AN IE 3 v 7 2 ) B B A I Y AT, bk e iy 2805 A = B e A

15



ARl BRI RS S it goy —EEG AR LR gEh K%, 4h
T HPER B TR T — RPNV A RS 5K 2 e o AN ST AR 204 7347 1) D)
L AL R RE AL BOE 1K) 3 4% OBS HITHIA 3 25 B2k, S F i b s Hh [X ) o s 4
AT IR, I TE IR A5 S iE AL, 3t DR A R R R . B TR
AR, T A A 0 o i e 4l ARG R R 52 R b e i T A O RAAE , E 3 R B T A 21
A A=ARGERTE: R KR A A AR Dy o T dhore e i A 32 B0 A
T RAMEAL AR AR B, AEER F J0ms 20 A VI Y R ANERAT T e m AR, AR i ) o
BB R T e s A . AT R AL B R L 25 5 A7 5 Al BT ) - 1) 5 BT - A
P ER SR BRI EREN GRS 1 2 DAAl BT Ui I i35 50 73 A 1)
e e IR, L JE AR By U5 SR R A, — BRIt e R A mA s,
son A e R R, TS BRI B R, RIS g RS o PR
B AR AR L R A -

104 106’ 108° 110° 112 114" 116 118" 120° 122

y Y"""c“"“l‘::;:‘f‘:mu Fault Uplift ~ Depression Fault trace ocTt Subduction zone
structure unit
Figure 1. Regional tectonic map of the South China Sea. Dotted black line represents the boundary of the basins whereas a solid black line indicates the uplift
and depression boundary in a basin. A dotted orange line represents the boundary of the OCT interpreted by Zhu et al. (2012b). A solid blue line with triangles
indicates the eastward subduction beneath the Manila Trench. Yellow, blue and pink areas indicate the depressions, the uplifts and the fault trace in the northern
slope, respectively. BGB: Beibu Gulf Basin, YSB: Yingge Sea Basin, QDNB: Qiongdongnan Basin, PRMB: Pearl River Mouth Basin, SWTB: Southwest Tai-
wan Basin. Seismic profiles A, B, and C indicate the tectonic association of the Changle-Nanao Fault Zone, and D, E, and F indicate the tectonic association of
the Binhai Fault Zone in the SCS.
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Figure 3. Multi-channel seismic reflection line S1 and the crustal structure along the Profile OBS2001. For locations of the profiles, sec Figure 2. (a) The crustal
structure along the Profile OBS2001 (modified from Wang et al., 2006; Xia ef al., 2010; Xia and Zhao, 2014. Numbers denote the P-wave velocity. (b) The
seismic reflection character of line S1. (¢) Angular unconformity shown in line S1. (d) Shallow fault structure in line S1. Dense E-W-trending faults developed.
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Figure 4. Multi-channel seismic reflection line S2 and the crustal structure along the Profile OBS1993. For location of the profiles, sec Figures 1 and 2. (a) The
crustal structure along Profile OBS1993 (modified from Yan et al., 2001; Xia et al., 2010; Xia and Zhao, 2014. Numbers denote the P-wave velocity. (b) The

seismic reflection character of line S2.
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(a) The crustal structure along Profiles DEN2008 (modified from Hao ef al., 2008). Numbers denote the 2.5D density in g/cms. (b) The seismic reflection char-
acter of line S3.
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Fig. 7. a and b. Complex trap types (Fig. 7b) presents the rolling houses at the bottom of open anticline, fault traps and lithologic trap in the middle, in the axis of open fold easily to
be fractured and to form slip faults, profile location seen line B-B' and line M—M’) where gas from both breached reservoirs and detected from the source rocks in Paleogene. In
profile 7a and schematic Fig. 7b both have a distinct angular unconformity on top to form the oil-gas trap. This section shows the general characteristics of the PRMB depression.
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along the shallow faults.
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Fig. 17. Model of hydrocarbon accumulation and gas source migration within different reservoirs in the NSCS basins. T6—Tg represent the source rock (green part), and the hy-
drocarbon gas in the sandbody (yellow part) could be the reservoir, and Quaternary sediments as the seal. These white arrows are the hydrocarbon migration pathways. The
migrating channels are consists of fauts, diapirs, uncomformities, channels and other fractures. Multi-formations shows several types of hydrate output such as vein, belt, thin layer,
mass or nodular. The circled numbers (1-6) represent the positions of different gashydrate outcrop morphology. It's not only controlled by the deep-seated fault, but also the
neotectonic fractures, the systematical traps and seals are a consummate concatenate both the deep and shallow. Numbered stars (1—3) represent different Fms of the source rock.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Figure 6. Genetic models of magma emplacement inducing slope failures.
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Trench.
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Figure 4. Five groups of contrasting profiles are presented. The X-axis is a relative location that means that the regional location of a basin corresponds to the

location of an ocean slab, and the Y-axis is surface heat flow. The blue line represents surface heat flow values of the oceanic slab. Red and black lines represent
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Figure 5. The map shows five profiles (a-a’, b-b’, c-¢’, d-d’ and e-e’) perpendicular to a subduction zone in the Western Pacific Ocean. The black line repre-
sents bathymetry or altitude, and the red line represents an interpolated curve of surface heat flow values. Blue points represent earthquakes that are derived from
1973 to 2015 carthquake data sets of United States Geological Survey (USGS) (earthquakes.usgs.gov), whose magnitude of carthquake is more than Mw3.
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(a)Middle Triassic

(¢ ) Late Triassic (Norian-Rhaetian) to Jurassic

<— Lithospheric extension—>
F1

Figure 11. Schematic diagram showing geodynamic processes beneath the central South China Block. The distribution of regional folds, faults and thrusts
modified after Jin (2010). F1 = Chenzhou-Linwu Fault, F2 = Chengbu-Xinhua Fault, F3 = Anhua—Xupu Fault. This figure is available in colour online at
wileyonlinelibrary.com/journal/gj
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Figure 6. Distribution of different stages of reversal folds in the East China Sea Shelf Basin (revised after Xu, 2012).
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Figure 1. Simplified structural map showing the position of the tectonic units and drill holes in the Xihu Depression, within the East China Sca Continental
Shelf Basin (sce insct map). Also shown is the orientation and position of survey lines of two-dimensional seismic profile (Fig. 4), two-dimensional geological
cross-scction (Fig. 5), structural evolutionary profiles (Fig. 7) and profile showing maturity at different stages in the Xihu Depression (Fig. 10).

36



0 100 200km SE

Depth

Haijiao Uplift

Present Stage Xihu Depression = E.0

Il E:h?
] Eap"2
] Eng'4
= E:p®
| EzpE
Haijiao Uplift B
Xihu Depression

Oligocene Huagang Formation Inversion Stage

tigllize Cplltt Xihu Depression ’

Eocene Late Pinghu Formation Inversion Stage

Depth

/ Il E:h°
B E:h°
[ Eaw

[ E:0

aijiao Uplift Xihu Depression

Eocene Early Pinghu Formation Compression Inversion Stage

[
s R\ 3 N = e > 7 1 Exw
a R o [ E:0
Xihu Depression

Eocene Wenzhou Formation Rift Stage

Figure 7. Structural evolutionary profiles or balanced cross-sections across the Xihu Depression (sce Fig. 1 for location).

zo000

[0 SasAmount
Bl Oil Amount

750 900 1000 1100 1200 1900 1400 1500 1600 1700 1600 1900 2000 2100 2200 2300

Figure 13. Oil—gas migration path profile across the Xihu Depression.
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Figure 1. Sketched structural map of the Okinawa Trough and adjacent regions. MZU, Min-Zhe Uplift; ECSSB, East China Sea Shelf Basin; TSB, Taiwan—

Sinzi Belt; OT, Okinawa Trough; RA, Ryukyu Arc; HPJ, Hupijiao Heave; HJ, Haijiao Heave; YS, Yushan Heave; NFD, northern Frontal Continental Shelf
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Figure 1. Geological map of the Mariana and Okinawa troughs (Wu et al., 2013; Arculus ef al, 2015). MOT, middlc Okinawa Trough; SOT, southern Okinawa Trough;
NMT, northern Mariana Trough; MMT, middle Okinawa Trough; SF, Sofugan Fault; MF, Mindanao Fault; ODK, Oki-Daito Klint; LOFZ, Luzon-Okinawa Fracture Zone.
This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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Figure 6. Trace element and minor element plots of basalts from the Mariana and Okinawa troughs. (a) (La/Sm)y versus Ba/La diagram (after Hofmann, 1988;
Zindler and Hart, 1986; Shuto, 1988; Miyashita et al., 1995; Zhai and Gan, 1995; Gribble et al., 1998, 1996; Lee et al., 1997; Elliott et al., 1997; Shinjo et al.,
1999; Tian et al., 2003, 2005; Ma et al., 2004; Chen and Wang, 2004). (b) FeO1/MgO versus TiO, diagram (after Hofmann, 1988; Zindler and Hart, 1986;
Shuto, 1988; Miyashita et al., 1995; Zhai and Gan, 1995; Gribble et al., 1998, 1996; Lee et al., 1997; Shinjo et al., 1999; Tian et al., 2003, 2005; Ma
et al., 2004; Chen and Wang, 2004). (c) K,O versus TiO, diagram (after Hofmann, 1988; Zindler and Hart, 1986; Shuto, 1988; Miyashita et al., 1995; Zhai
and Gan, 1995; Gribble ef al., 1998, 1996; Lee et al., 1997; Shinjo et al., 1999; Tian et al., 2003, 2005; Ma et al., 2004; Chen and Wang, 2004; Shuto
et al., 2004). (d) Eu/Yb versus Ce/Yb diagram (after Hofmann, 1988; Zindler and Hart, 1986; Shuto, 1988; Miyashita ez al., 1995; Zhai and Gan, 1995; Gribble
etal., 1998, 1996; Lec et al., 1997; Shinjo et al., 1999; Tian et al., 2003, 2005; Ma et al., 2004; Chen and Wang, 2004). (c¢) Yb/Sm versus La/Sm diagram (after
Hofmann, 1988; Zindler and Hart, 1986; Shuto, 1988; Miyashita ez al., 1995; Zhai and Gan, 1995; Gribble et al., 1998, 1996; Lee et al., 1997; Plank and Lang-
muir, 1998; Shinjo et al., 1999; Tian et al., 2003, 2005; Ma et al., 2004; Chen and Wang, 2004).
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Figure 8. Model of the tectono-magmatic cvolution of back-arc spreading systems. From stage a to stage d, the composition of lavas erupted in the back-arc
basin changes from IAB typc to MORB type, and the influcnce on back-arc basin magmatism of subduction components derived from the subducting slab de-
creases. (a) The early extension stage: IAB-type lavas distribute along the spreading ridge axis, where magma ascend and emplace. The early back-arc spreading
does not affect mantle convection, melting in the mantle wedge that is triggered by subduction, or island-arc magmatism. (b) The rifting stage: the back-arc rift
axis moves away from the volcanic front, and less island-arc magma is transported to the widening basin axis. The relic magmatic arc occurs in the region of
island-arc crust necar the trench. (c) The incipient seafloor spreading stage: the spreading axis moves farther from the island arc, it begins to spread
amagmatically and forms a central graben. (d) The seafloor spreading stage: mantle down-welling is triggered beneath the rift axis, creating a seafloor spreading
system similar to that of a mid-ocean ridge. M, mantle; SF, slab-derived fluid. This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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Figure 2. He/*He versus [He] diagram for the Okinawa basalts, MORB and other back-arc basins including the Lau Basin (Hilton et al., 1993; Hahm et al.,
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Bubbles and fluid samples from Kueishantao (kst), ILan Plain, Ryukyu Arc and lava from the Mariana Trough and the Manus Basin are also shown for com-
parison (data are from Marty ef al., 1989; Macpherson et al., 2000; Shaw et al., 2004; Yang et al., 2005; Chen et al., 2015).
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Figure 3. *Ne/*He versus *He/*He diagram showing ternary component mixing between M (MORB), A (air) and C (crust or radiogenic component). These

end members are marked by green squares. The blue dashed lines with numbers marked the percentage of MORB end member mixed with only Air end member

or with only Crust end member. Orange dots are volcanic rocks from MOT, and those with green lines are rhyolites. Purple dot is a basalt sample from SOT.

Bubbles and fluid samples from Kucishantao (kst), ILan Plain, Ryukyu Arc and lava from the Mariana Trough and thc Manus Basin arc also shown for com-
parison (data are from Marty et al., 1989; Macpherson et al., 2000; Shaw et al., 2004; Yang et al., 2005; Chen et al., 2015).
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Fig. 3. Distributions of P-wave relative travel-time residuals of four teleseismic events (red stars) used in this study. The color squares show the seismic stations used. The red
and blue colors denote delayed and early arrivals, respectively. The scale for the relative residuals is shown below each panel. The blue and red waveforms beside each map
show seismograms before and after the alignment, respectively (see text for details). Hypocenter parameters of each teleseismic event are shown above each map. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

(6)  PHAR TSN 5 2 e i = A

S5 F I Bk 2 S 7R i Sl AL 10— SRR, (B AIHLA — EARE
JFRE I FERIAE SR R AT R PR IS 7T SR R R A K
HOFR I G L850 A S BORIXT LE, JF45 & XEab iU 5t iROREE . 5l
TIEERVEI M, R GE 1 PRI G A i R AR XGE W TR I A, JEHE
rHGER, HAX . E-RE PR IR TR e X YL 2
BRITIE T TAR, BENIRIREHEIZ S NNE [ Fioh, MHEAREZE FF AR
T R TG A IR AR B BT BT A AR IR R i 5 A K

54



RGBTy AT VB IE. KT IUR I NNE [FESEZ, FTREA LR
=R o 1. FEEE . ARRAT X R R G E T W2 7 A AR S, R IR A T )=
77 I 1% /& NNE [6], FEAE NW [i) . NNE [m) % #2252 br bl R AE m gkt 22 vh iz
A B NNE [f] K BUA AT E T W2 2 #6 B KRl NINE ) A5 17 28 1 b R A L1 5 AR AT,
BETTH HH — Be 4 by 2 R 4K 1 AR IX Bl b R E T W EE ) o pir iR Y 5k sh 1Al
il 5 2 RA0h, FLEL T2 B2 NNE (A SRR 4 Sfe e i /= ol AR BT 975K
Huly, RARAT K.

110°

Strike-slip fault Inferred Strike-slip fault Oceanic fringing rises Spreading centre  Oceanic crust of the SCS
Magnetic lineation Inferred Transform fault or fracture zone Transform fault or fracture zone Trench

Figure 1. Tectonic units of the Western Pacific and East Asian Continental Margin. Abbreviations: PP, Pacific Plate; NT, Nankai Trench; SB, Shikoku Basin;
IBM, Izu-Bonin-Mariana Trench; BB, Bonin Basin; MR, Mariana Ridge; MB, Mariana Basin; PVB, Parece Vela Basin; CP, Caroline Plate; CAS, Caroline Sea;
AT, Ayu Trough; PLT, Palau Trench; YT, Yapu Trench; PB, Palau Basin; PSP, Philippine Sea Plate; BP, Benham Plateau; FR, Fossil Ridge; PHT, Philippine
Trench; CBSC, Central Basin Spreading Centre; WPB, West Pacific Basin; LT, Luzon Trench; ODR, Oki-Daito Ridge; DR, Daito Ridge; KPR, Kyushu-Palau
Ridge; RT, Ryukyu Trench; RA, Ryukyu Arc; OT, Okinawa Trench; JB, Japan Sca Basin; TSB, Taiwan-Sinzi Belt; ECSSB, East China Sca Shelf Basin; EP,
Eurasian Plate; RRFB, Red River Fault Belt; SCB, South China Block; SCS, South China Sea; PWT, Palawan Trench; NST, Nansha Trough; SS, Sulu Sea;
CES, Cclebes Sea; MT, Manila Trench; PA, Philippine Arc. Fault name: 1. Binhai Fault; 2. Changle-Nanao Fault; 3. Zhenghc-Dapu Fault; 4. Shaowu-
Heyuan-Yangjiang Fault; 5. Wuchuan-Sihui Fault; 6. Chenzhou-Bobai-Hepu Fault.
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Figure 2. Precise submarine geomorphology in the SCS (revised from Chen and Wen, 2010) and distribution of faults (see Fig. 1 for abbreviations).
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Figure 3. Third-order details of Bouguer anomalies by the wavelets (gravity data form Chen and Wen, 2010) and the fault distribution in the SCS. Abbrevi-
ations: PRMB, Pearl River Mouth Basin; QDNB, Qiongdongnan Basin; YGHB, Yinggehai Basin; SCS, South China Sea; RRFB, Red River Fault Zone. For
other abbreviations, see Figure 1.
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Figurc 7. Revised plate reconstructions of Southeast Asia and the Pacific Plate in the Cenozoic (revised from Hall, 1996, 1997, 2002). IAP = India-Australia

Plate; AS = Andaman Sea; Ayu T = Ayu Trough; DS = Dangerous Block; see Figure 1 for other abbreviations. Pacific Plate is shown in turquoise. Areas filled

with green are mainly arc, ophiolitic and accreted material formed at plate margins. Areas filled in cyan and pale mauve are submarine arcs, and oceanic plateau.

Pale yellow represents submarine parts of the Eurasian continental margins. Dark yellow represents deeper arcas of the South China Sea. The red region rep-
resents Australia.
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Figurc 2. Schematic diagram of the mantle tomographic images in the Western Pacific Ocean and the East Asian Continent transition zone and its correlation

with the Earth’s surface topography (revised after Huang and Zhao, 2006; Pandey et al., 2014). The 410- and 660-km discontinuities are shown by the parallel

dashed black lines; white dots show the earthquakes that occurred within a 50-km width from each profile; black dots denote the relocated earthquakes within

100 km on either side of the profile; 25°E, 30°E, 39°E and 43°E (red lines) and AA’” and BB’ (brown lines) correspond to the vertical cross-section for P-wave

and S-wave velocities perturbation, respectively. Colour scales indicate relative P-wave and S-wave velocities. Abbreviations: DM, Daxing’an Mountains; SB,

Songliao Basin; CV, Changbaishan Volcano; JS, Japan Sea; PP, Pacific Plate; DV, Datong Volcano; BBB, Bohai Bay Basin; YS, Yellow Sea; PSP, Philippine
Sca Plate; ECS, East China Sca; PhS, Philippine Sea.
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Figure 3. The temporal correlation of geodynamic processes occurring in the extensional basins of the Western Pacific and East Asian occan-continent tran-

sition zone (revised after Ren et al., 2002).
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Figure 5. Sedimentary and subsidence features of the Songliao Basin and Bohai Bay Basin. Abbreviations: N, Neogene; E, Palcogene (revised after Ren et al.,
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2002; Zhu et al., 2013; Song et al., 2015).
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Figure 10. Mesozoic (a) and Cenozoic (b) tectonic models showing the connection or link between Earth surface processes of rifting, tectonic jumping and
subsidence, and deep tectonic processes of subduction rollback, delamination, mantle upwelling and wedge suction.
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Figure 1. Tectonic units map of the Western Pacific Plate, the Philippine Sea Plate and the Eurasian Plate.
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Figure 2. Geometry of the model and boundary conditions for the Western Pacific Plate. Figure (a) shows the tectonic position of our model in the world.

Figure (c) shows the geometrical structure of the megathrust interface in the subduction systems related to the Western Pacific and Philippine Sea plates. In

figure (b), white arrows depict the displacement direction of model boundary, and the value of displacement comes from measured result by GPS; black toothed
lines depict the location of the main megathrust faults in the model.
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Figurc 6. Comparison of stress distributions in the four profiles with strong coupling or weak coupling in the subducted scamount regions. Figure (a) shows

stress distributions in the four profiles with strong coupling in the subducted scamount region, and location of the four profiles is shown in Figures 4a and 5b.

Figure (b) shows stress distributions in the four profiles with weak coupling in the subducted seamount region, and location of the four profiles is shown in

Figures 4b and 5d. In these figures, red line denotes the interfaces of the megathrusts between subducting and overriding plates; black-dashed ellipse indicates
the location of the subducted scamount in the Japan Megathrust Zone; white star marks the location of the great 2011 Tohoku-oki Earthquake.
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Figure 1. (a) RMBA of the Indian Ocean. Red solid lines are locations of mid-ocean ridges: SWIR, Southwest Indian Ridge; CIR, Central Indian Ridge; SEIR,
Southeast Indian Ridge. Locations of special geological features are labelled as BTJ, Bouvet Triple Junction; RTJ, Rodriguez Triple Junction; MoR,
Mozambique Ridge; AP, Agulhas Platcau; MaR, Madagascar Ridge; MR, Marion Rise; DR, Del Cano Rise; CR, Crozet Risc; CoR, Conrad Risc; KP, Kerguelen
Platcau; EB, Enderby Basin; CHR, Chagos Ridge; BR, Broken Ridge: NER, Ninety East Ridge; AAD, Australian-Antarctic Discordance; RI, Réunion Island;
Bol, Bouvet Island; Bal, Balleny Island. Names of FZs are labelled in white Italics: BO, Bouvet; 10, Islas Orcadas; SH, Shaka; DT, Du Toit; AB, Andrew Bain;
M, Marion; PE, Prince Edward; ES, Eric Simpson; DII, Discovery II; IN, Indomed; GA, Gallicni; AIl, Atlantis II; MEL, Mclville; MA, Mauritius; MW,
Mahanoro Wilshaw: VI, Vityaz; OW, Owen; ZE, Zceewolf: KE, Kerguelen; VL, Vlamingh; GE, Geelvinck; W, Warringa; GEO, George; TA, Tasman; BA,
Balleny. (b) Normalized RMBA of the Indian Ocean in our model. Thin grey lines arc isochrones at 20 Ma intervals. Green solid circles show positions of
hotspots or plumes. Green solid stars indicate positions of oceanic core complexes (OCCs). Black lines are locations of seismic profiles, and black solid circles
are positions of DSDP sites, with revealed crustal thicknesses. Two seismic profiles and one DSDP site data in Mozambique Plateau are from Chetty and Green
(1977). Crustal thicknesses of one scismic profile in Agulhas Platcau is analyscd by Hales and Nation (1973). Crustal thicknesscs of one scismic profile in southern
Enderby Basin is analysed by Stagg et al. (2004). One seismic profile results are from Miiller et al. (1997). Seismic profiles and DSDP sites data in and around Broken
and Ninety East ridges are from Francis and Raitt (1967). Other information are from DSDP initial reports (http://deepseadrilling.org/i_reports.htm).
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Figure 4. (a) Normalized RMBA of the Southwest Indian Ocean in our model. Green dashed lines are hotspot tracks. Green circles with dashed edges are old

locations of hotspots. Tracks of the Bouvet Hotspot are calculated by Hartnady and le Roex (1985), and tracks of the Marion and Crozet hotspots are from

Zhang et al. (2011). Black dashed lines are calculated tracks of fracture zones using finite reconstruction poles from Morgan (1982). (b) RMBA profile of
SWIR. Green circles and green stars are locations of hotspots and OCCs that are projected to SWIR. See Figure 1 for list of abbreviations.
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Figure 1. (a) Topography of the Indian Ocean. Black solid lines are locations of mid-ocean ridges: SWIR = Southwest Indian Ridge, CIR = Central Indian Ridge,
SEIR = Southeast Indian Ridge. Locations of special geological features are labelled as follows: BTJ = Bouvet Triple Junction, RTJ = Rodriguez Triple Junction,
MoR = Mozambique Ridge, MoB = Mozambique Basin, AP = Agulhas Platcau, MP = Madagascar Platcau, MaB = Macarene Basin, MaP = Macarene Plateau,
MR = Marion Rise, DR = Del Cano Rise, CR = Crozet Rise, CoR = Conrad Rise, KP = Kerguclen Platcau, EB = Enderby Basin, CHR = Chagos Ridge, BR =
Broken Ridge, NER = Ninety East Ridge, AAD = Australian—Antarctic Discordance, Bal = Balleny Island. Black solid circles show positions of hotspot or
plumes. Red solid stars indicate positions of oceanic core complexes (OCCs). (b) Sediment thickness of the Indian Ocean. Dashed white lines are isochrones
at 20-Ma intervals. (¢) Free air gravity anomaly (FAA) of the Indian Ocean obtained from the 2’ grid-spacing global database provided by the declassified Geosat
and ESR-1 satellite altimetry (Sandwell and Smith, 2009). This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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Figure 2. (a) Mantle Bouguer anomaly (MBA) of the Indian Ocean. (b) Residual mantle Bouguer anomaly (RMBA) of the Indian Ocean. Dashed black lines
are boundaries of third-order morphotectonic units. Thick solid black lines are inferred extinct ridges. SR =Shaka Ridge, WR=Wharton Ridge,
MOR =Mozambique Ridge. (¢) Vertical gravity gradient (VGG) of the Indian Ocean obtained from the recently published global VGG data (Sandwell
et al., 2014). Names of FZs are labelled in italics: BO = Bouvet, 10 =Islas Orcadas, SH = Shaka, DT = Du Toit, AB = Andrew Bain, M = Marion, PE = Prince
Edward, ES = Eric Simpson, DII = Discovery II, IN = Indomed, GA = Gallieni, AIl = Atlantis II, MEL = Melville, MA = Mauritius, MW = Mahanoro Wilshaw,
VI=Vityaz, OW = Owen, ZE = Zeewolf, KE = Kerguelen, VL = Vlamingh, GE = Geelvinck, W = Warringa, GEO = George, TA = Tasman, and BA = Balleny.
Thick solid black lines are inferred extinct ridges. SR = Shaka Ridge, WR = Wharton Ridge, MOR = Mozambique Ridge. (d) An extinct ridge of 80 Ma to the
north of the Conrad Rise and the Kerguelen Fracture Zone (KFZ) inferred from the VGG data. This figure is available in colour online at wileyonlinelibrary.
com/journal/gj
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Figure 3. RMBA profiles of the Indian Ocean ridges. Red circles and yellow stars are locations of hotspots and OCCs that arc projected to the Indian Ocean
ridges, respectively. See Figure 1 for list of abbreviations. This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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Figure 4. Regional palaco-ages of the Indian Ocean crust since 80 Ma (data from Miiller et al., 2008). White lines are locations of extinct ridges. White circles
arc present-day locations of hotspots or plumes. Black circles are present-day locations of RTJ, and grey circles are old locations of old RTJ. This figure is
available in colour online at wileyonlinelibrary.com/journal/gj
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Figure 1. The distribution of the Dupal anomaly in today’s occans. [A7/4=(( Pb/”*'Pb) DS-C’Pb/***Pb) NHRL]* 100; A8/4 = [(***Pb/***Pb)

DS-(C®Pb/*™Pb) NHRL] * 100; ASr=[("'Sr/**Sr) DS —0.7]* 104; data source: EarthChem and Georoc}. This figure is available in colour online at
wileyonlinelibrary.com/journal/gj
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Figure 1. Magnetic lineations and locations of drilling holes of Shatsky Rise of IODP 324 Cruise (inset maps of b, ¢ after Heydolph et al., 2014).
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Figure 2. Tectonic evolution of the Shatsky Rise (massifs in bluc) and its adjacent ocean (Sager ef al., 2010b). Black line represents lincation at a given time,
grey line represents transform fault perpendicular to lincations, red line represents mid-ocean ridges composed of the triple junction, and black arrow represents
Jjump trajectory of triple junction. Yellow arca in Pacific Platc (Fig. 2b) represents one occanic microplate. a, 151 Ma; b, 144 Ma; ¢, 139 Ma; d, 131 Ma.
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Figure 3. Comparative diagram between dips of joints and veins, and vesicularity and groundmass grain size in Hole U1347A (IODP Expedition 324 Scientific
Party, 2010). Green, pillow basalt; brown, recovered core section; black histograms showing the numbers of vesicularity and groundmass grain size; rose di-
agrams showing the dips of joints and veins.
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Figure 9. Photomicrographs of veins (a—h) in Hole U1350A cores with depths for each sample in metres (see Table 1). Numbering of the median lines is a
growth sequence of fibrous veins: red (1), yellow (2), white (3), and yellow (4). All photomicrographs are in cross-polarized light.
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Figure 10. Plate reconstruction of the Pacific Ocean at 125 Ma, 105 Ma, 85 Ma and 75 Ma, showing the various locations of the Shatsky Rise and the Pa-

cific Plate motion scnses. Coarse solid black line represents mid-ocean ridge; fine solid black line represents magnetic lincation; green line represents the

triple junction; blue lines represent the migration pathways during the formation of the rise; yellow line represents the migration direction of Pacific—

Farallon—Izanagi triple junction; SR, Shatsky Rise; OJP, Ontong Java Plateau; MPM, Middle Pacific Mountain. IP, Izanagi Plate; FP, Farallon Plate;
PP, Pacific Plate.
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