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Subduction Initiation and Arc Formation
Osamu IsHizuka™

How subduction begins and its consequences for global tectonics remain one of the essential outstanding problems
of plate tectonics. Two different endmember mechanisms for subduction initiation have been hypothesized:
spontaneous, and induced (or forced). Numerical models suggest that subduction initiation is induced by externally
forced compression along a preexisting discontinuity in an oceanic plate such as a fracture zone or transform faults.
However, it has been pointed out that spontaneous subduction must have occurred at some points in Earth’s history to
initiate plate tectonics, and recent numerical models demonstrated that lateral thermal/compositional buoyancy contrast
along plate discontinuity or within lithosphere can cause spontaneous subduction initiation.

Recent geological and geophysical surveys in the Izu-Bonin-Mariana fore-arc have revealed igneous processes in
the initial stages of subduction. The oldest magmatism after subduction initiation generated MORB-like fore-arc basalts,
which was associated with seafloor spreading caused by onset of sinking of slab into mantle. Then boninitic magmatism
followed by tholeiitic to calc-alkaline arc lavas collectively makes up the extrusive sequence of the fore-arc crust. This
magmatic evolution from initial basaltic magmatism to establishment of normal arc magmatism took several million
years.

Fore-arc stratigraphy observed in the Izu-Bonin-Mariana arc shares some of the key geologic and petrologic
characteristics with many supra-subduction zone ophiolite, which implies that fore-arc crustal section produced in the
initial stage of oceanic island arc formation could correspond to in-situ section of supra-subduction zone ophiolite prior
to obduction.

Recent ocean drilling projects targeting initial stage of the Izu-Bonin-Mariana arc inception revealed that
subduction initiation to form the Izu-Bonin-Mariana arc took place spontaneously. The drilling results also revealed that
the whole arc was established on the ocean crust produced associated with subduction initiation.
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D KINEBI O+ —N—F v TH7% L, LA AKRBIED
5 BIRAIEZ W7 2 O < 7 < iR B O FLEAVRTE S
TWh, EEZOWIZB T FL v JI2X 5 5AFRI
RWAAN & BIFERBGEDFE NG S, IR I KL
WlEr &, ZHUEEDC CoR o~ 7 <R 0% %
HEMTED LI NOOH D (Ishizuka et al., 2006,
2011). %72 2 ORI S L7z Bl & 12D w»
Th, HFEREAIC L) 2O HE R & 212
2D d % (Takahashi et al., 2009 ; Kodaira et al., 2010).
INOFEBIERICEDSE, TNEFTRESNTEL
PRSI 2 IR AABBIGET VRRIEY I 2L —2 3 v
LBETNVOMGEL MEL DR L TV, KFETIEZ
NHOBUREZ MBI, SHROFED LT 2.

2. FL— MEBAHBEBRET IV
TL— 77 b= AEHICBWTC, SL— M ERAE

55 YRR OB T, B i e Es,
LOLIIZIZT L — P OLAARERIEEEDL Z LT X

DREETH D &) IR SN (Bl 21X McKenzie,
1977). ZHUIEAARBIGOBRD 2 ftd 7L — b D
B, 7L — PR HNT BB LB R R E BES IS
TEWo %k 525 0ENHLEEZLNLIDTHS
(McKenzie, 1977). L2 L &35 FEIZ, HAEOHER |
DR F AR ORI AERITTER SN b DO TH
D, BEESNZBREL PO TOWRENGR NI VAT 4+ —
L, JEREL, hAABA ELEETHD, TL— D
ThAIA R BRI LB R T EF A 5N 5 7L — b osfl
BREOPTHONL LT 5 FRED STV 25 (Gurnis et
al., 2004). BIEICEDL F T, Bex eibAhARBIGET IV
WIRESN T DD, WHiERRE T R T,

LARARBIIEE T VEZD AN ZALIZE > TREL
2 DIZ5T LD (Stern, 2004). FEFIHI L A IAMRTE TV
L HBEWILAAARET NV TH S (Fig. 1).

SR 72 L A A A BIRIE (Fig. 1A), M7 L — MK
SN Z LI LN EABRARD G S N D ET
Hb. BIZITHEEZEOLRIRARI LY —HIZE L2k
ARG, TL— MEBAIOZLIZE ) T L — MR
RTYFAY MIBETIOANZALIZL > Tikdk
ABDHGE NS EEZ HNS (B 21X Stern, 2004
Maffione et al., 2015). #fE> I 2L —2 a3 2Lk D
Toth and Gurnis (1998) %°> Doin and Henry (2001) 5%, E
oW SFEZ AL CRFEEESNLBEEDO T L — b
D05 )] TR AARDFIIE S LS & L7z, Hall et al.
(2003) X Gurnis e al. (2004) TlE, 100-150km F£ % 7
L — FANEAIADIE, Z ORI T L — Pk
AHMEFES D 52 &, ThARAARDBIHEINDEE, Fi

it
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Fig. 1. Conceptual models for subduction initiation (after

Stern, 2004). The models can be classified into 2
groups based on types of trigger for subduction
initiation: (A) induced and (B) spontaneous.

o7V — b3 —HE#Z LS, ZoBMRyIZHE Uit
BdpZ a2y Il —Ya il himls.

— T HFEM % ik A A MG E TV O 4 (Fig. 1B), F
72 B IhAABFIRERIL, <, WEIC K D HEELML
FRHEE) VAT T O Y MVICHT AENIARGEEL T
AH1E %\ (61 213 Matsumoto and Tomoda, 1983 ; Gurnis,
1992). ZO¥E, Wigis, b7 2 A7+ — Al JEE
B Y%A I8 (passive margin) 55 CTiLAAALDFIGL ) 5
LEZz 615 (Bl 21X Stern, 2004) . FA) D H IR TE A
A D ZKTEE TV 1E Matsumoto and Tomoda (1983) |2
I s 1ok, WERBEOWE) VAT T
L= 7T L= ORE) VAT =T HOFEEEH
BfE N 7 7 TOWRAAHIRIZHF S L7z 2 & 2RI L T
w5,

B I 2L —2a 2k ), BBFEOWRETIZBWT,
ZONEEREDEM 2L, Sa5b 6T
EZEMIC T L — PIRAARDEME SN L TTREMEAVR S
Twb (21X Gerya et al., 2008 ; Nikolaeva et al., 2008) .
& 5|2 Regenauer-Lieb et al. (2001) T, FEIGBIIYABERR
SITHERE ) Y A7 = 7 ~OHEREW OHERE 12 L B &
R VAT 2T ER LTS L) T CHER
EAABRDEME L 9 A Z & &R L7z, —7 Nikolaeva et
al. (2010) T, AW EAE L THEOBEWKETDY
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VAT T BMEDORN (72 MVT Y 2— 250 15
) K DIRE RS, EALLZA, hAAARBIMGO S
HEAEES L L, INFCTEEHRSNCWZHEETL— K
DFEMRIIENIRYLZER]TH D L Lz, 20z, G
RYRFUIN T, TR IR ORI 1% 2,000 J74F
FEEE) 7k AAARBIGATE & 1 g, D CISEDH
HEL L7z HEMWILAARBIBOWE, SRk HA
AT TV TTH SN2 EBETOREMESE O ME L &
W LA LORE T, B L) WS T OMRRIL
Kosie & 2 0] BB 34 & T % (Nikolaeva et al.,
2008; Zhu et al., 2009; Gerya, 2010).
WEREENZEFNVELT, Y MV T 2—20
L HFHIC X AL AAARBNG A H A (Whattam and Stern,
2015). AU, H ) ZiEHETOBIERIZOWTO
WEFWT— 5 1RO a2 ET VT, FA LT
Ja—AEWEY) VAT 2T HOBEEZIZELY, 7
Va—2~Ay R VAT 27 OEEFRITH-> ThMAA
DB THETH5LDTHL. COETNELFFT L
iz Ialb—va VRO A/ESN, oA ARBMG
ANZAND, TL—bT7 b= ALLHIO T L —
Mk AAAR BB IEH TS 2 MRS IR L TV b
(Gerya et al., 2015).

3. BEMBEIMICE T 3ARDER

3-1 HRRER

RGN~ 7 FiRRe, N 2 RS SO R
DB 2 121E, ZNENOENTENLE THLNTY
LI b IV OME, KL By O T L L Tw»
5 Z MBS NTV Tz (121X, Reagan and Meijer, 1984;
Duncan et al., 1985; Umino, 1985). T D72, T HD
5 % L O B O MR AR 1S, SV BRI O i
B, KINMEHY) OFLERARAE, T L T2 REMED S o
7z, 3 TIZ 1980 #4412 Bloomer 5125 ) FL v P2 &
L EABERREGS, <~V 7 N OIS TR S
1172 (Bloomer, 1983; Bloomer and Fisher, 1987). Z D&
K, R=F A FRZOMKIEHIINA, HTORx >
MU AL AEDTFI SNz FRPEDRNTELh o7
LR, BREBARPAHTH o270, 20 EIVERE
BOFTOMESFIIAHTHo72. UL, RS
T EAEOEPIED S, VbW % supra-subduction zone
ophiolite (Pearce ef al., 1984) D JgF RIS 5 W kAT
fed &7z (B 2 1L Bloomer and Fisher, 1987; Bloomer
and Hawkins, 1987). Supra-subduction zone ophiolite /& 3>
OFFEE, WEERER (251220 FMO~ Y Muh
ABAT) LZ20 AL B L) AD 5, &
W) HDTHLH. & 512 Stern and Bloomer (1992) T,

B DEEE Y 7+ VT DT 250D F T 4+ 5
A MEFROWE,S, BRI X 72 KRG E)
EZOMHEOT 7 M= AT AMENRET IV AR
FL7z. TOETFIVCEHELRRA ¥ ME, 1) thairdkibH
TGRS AR O 7' L — b CHRRIE AN & 72 1T REME DS S
A, ) BIEOBRIIBIT AT T 4 AL TEY
ftiig L7z~ > MUVDSEE L T~ s~ asEE SN (72 k
AER=ZF A1), 3) BEOEROIE X Y JEWFEH T~
TROEFEPRE TR H L, FThDH, Ih
S, TOBROMEIZLVBEESN TS, —+ 741
T 74 MEFIZOWTIE, HADOF 744 T4 MZOw
TEZDORHARLTEL ENT2T 7 b =7 A2\ Cilkimh e
WTBY, ZEAAIICMED D YR CAE SN
MR R T 2RI & 55 b 0% LARAABELGE 7O+
AL RERLEZWT 74354 PAHFETLEEINTWY
% () 2 1¥F Y @ Taitao ophiolite: Sturm et al., 2000;
Dilek and Furnes, 2014). %+ 7 4 454 MEFEHH L T
BRI 0 70X 2 # Wf5e s A 121%, HE 2 MET
MWLEETH D EED Y e,

SALICA Y, BN RTINS L OV~ ) 7 R
TEICHKROBIZEREIZ LD, Hi-sdiir s, FElis
N7z, Tho oMl c, WERE, Lo 2ok 38
PRIUCE | &0 & A AR O BRI & 0 guasig:, &
BHRIAFT DN, SIS XD, WD THIBIHARE S A
T 7. & L7z (Fig. 2: Ishizuka et al., 2006, 2011, 2014a;
Reagan ef al., 2010, 2013). = Z CTH S 222 7% - Z2RiHRHL
WOWRBTIE, v PVPALAE R TO, v —
MIREIREE, LG OMIREEE (fore-are basalt, FAB), K
=F A FRVIOEE, L CQREBICHEAD BIKILELC
EWKIEERD L, L) bDThHY), Hilko LIz
¥ 710 A ® Troodos % supra-subduction zone ophiolite ?
B & FALE AL\ (Fig. 2). & 2 CHRICEE 2 I,
D) NEFEFEERCY) T T ORBAICENL T LKL
FED S TMT LA ME RS LICAE S 5 XRAEH
EHERE L 722 &, 2) nislHhiR e e S D —ER ot T 4
T T4 MEFICED THEU L TWAZ EHL 25
72 (Fig. 2). T &b BUEKIE KA E Tz Z & 25 <
IRIET B ¥ — MIREIREE & LRAEEE O LR =F 4
MBS NI EBMIEEHPEST L2 L, 3)
2,000 km LL - EEILC W 2 NS ERTIRE <) 7 Rk
THEAWIZE LB RN, Thb O
W&, TL— MhAARBMGRS, FELICELL v
LARZFA M OMEEN L VAT, BERA BYaAE
NEMMOT L — 1) TIEILK L ZAUED LG O
RS T2 ERHES IR 57,
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Fig. 2.
Bonin fore-arc in comparison with Troodos ophiolite
in Cyprus (modified from Ishizuka ez al., 2011, 2014
a). FAB; fore-arc basalt; LPL: Lower Pillow Lava;
UPL: Upper Pillow Lava. The fore-arc stratigraphy
shows remarkable similarity to stratigraphy of supra-
subduction zone ophiolite section. Even though there
are differences in detail (e.g., there seems to be no
lavas free from subduction component in Troodos),

Schematic columnar stratigraphic section of the Izu-

overall stratigraphy and petrography of igneous rocks
are remarkably similar, i.e., early arc volcanics includ-
ing boninite overlying basaltic crust produced by sea-
floor spreading. Fore-arc crustal section produced in
the initial stage of oceanic island arc formation could
correspond to in-situ section of supra-subduction zone
ophiolite prior to obduction.

32 FA

T — MEAABFIRERIS, WERILKIHE - TIHE)
L 72 %A~ 7 < (fore-arc basalt) 131 = — 7 2 ¥ %
o, TRHBTIE, /b?%bfﬂf#OﬁwuvA
OFZRE I NE. —FEItHHmkIC ZD%
ﬁ%ibﬁaﬁﬁbtﬂm%\_AL?%%ﬁ,?&b
B il g XA O AL (N-MORB: Sun and McDonough,
1989) & ¥ L C LIL (large-ion-lithophile) JT3 12 & T 5L

AN

{0
PITEALRD SNE (Fig. 3). ZHUL, SOBHO
ZREITRARL X T THROWE @—r’ﬁ-f)*&b\f’&)k

fE S % (Reagan et al., 2010 Ishizuka et al., 2011, 2014
a). FZOLREEFIBHELRSR 7 1) EVilED
I A BT A MilE & KBS A 4R E L TRw
Ti/V 2 FFD 2 & 3% S 72 (Fig. 3: Reagan et al., 2010;
Ishizuka ef al., 2011). ZiE, 7 <HERIZHS Lz~

MUV E DB LD DOTH oA, X LYK
O T~ PER SN HEEE R LTV b (Reagan et
al, 2010). F72FEMAAME D, 7 1) € g o T
WRZIER L7272/ 27 ) vy 7= ML EIZHREC
H72 % (Ishizuka et al, 2011). ZRA~ 7 VHEBRO EE
KeLTIE, FH2TL— MR ARRAARTBMGT 5 2 &
W& B~y PVvoRGE (BAG) 12 & 2 EREL»E 2
5N Tw3 (Reagan et al., 2010; Ishizuka et al., 2011;
Stern et al., 2012 %), ZO¥f, DELIZTL— Ok
&ﬁ&@&ﬁ?fi777% WZHGLav, X0 E

Lz~ bUbER L -TEEESEHR STV S
(Reagan et al., 2010).

FRED EALIAE T 5 R=F 4 MAFIZDOWTIE,
WS A 7 4 4+ 74 NEaF TOBISEHKE»S, B
MU ORI IR B) L 72~v 7~ Th b L W
ENBLZENS o7, LarL, by HINCTHER=F
A M= T ERER LT AIEE R ORIl R S
%7 & LT (Cooperetal,2010 ), & 7z S
W, BRI DA CTHEEIND Z LS 2R
REF A M7 EMOINET L 722 & OZRIZD
WTIEF MG ST b, Umino ef al. (2015) TlE, K
=F A MHED Cr ARV FO XV NAAYI %\m
o AV MAHE - RSN TR & E 2z, FEll R T
fTo72, mSiBLOIKSIi K=F 1 MEzhzh vy
W=D v A MRV =T 4 N ORIFFEERCTER S
T2 AU b EIEVHIEETR L, SilCEAR=F1 MIL
EAEED Y — A< Y FVORBETE L EEZOND
(Falloon and Danyushevsky, 2000; Hirose and Kawamoto,
1995). Umino et al. (2015) TlX, #MAEMKR=F 1 b~
YEZEZEND AN MAEWIIOWTNIL Y N=T v A

R R EIE DR EE L2 2 A, B S
R=7F4 FT1,415-1,428C, 0.74-0.96 GPa, 1K Si ;K=
4 T 1,343-1,347C, 0.54-0.59GPa TH-o7z. T15H
OHER 7D MgO mDH~ Y MVERT V¥ v )ViE
T, 2Rl L7222 A, BSiR=F 4 Mid 1,430-1,450T,
Si =44 M 1,400CCTH Y, FRZHIHEILT) 2—
AR~ v MV & [AIFRE (Herzberg and Gazel, 2009) T
LIrlaRLE BSiR=FAf b bOV—A<r ML
L i, Al e scs Il 2 SIS T n 2 000y
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(A) N-MORB (Sun and McDonough, 1989) —normalized incompatible trace element patterns for fresh

glasses of basalts associated with seafloor spreading at subduction initiation (fore-arc basalts, FAB) from the

Bonin and Mariana fore-arcs (modified from Ishizuka et al., 2011). Example of a boninite is also shown (data
sources: Reagan et al., 2010; Ishizuka et al., 2011). (B) V-Ti systematics for volcanic rocks from the Izu-

Bonin-Mariana fore-arc. Data sources for fore-arc basalts and boninite are the same as in Fig. 3 A. For other data

sources, see Ishizuka et al. (2014b).

IN—=T % 4 | (Parkinson et al., 1998) 7 5 Z DAFAED 7RIE
ENTWEL LD EHEEL TWZEMBE~ Y b VAT
KSiR=F A bV =L LTIE F=FA4 b~
DIEINIE T ODTRIAE~Y T FEE L ZETERY A S
ABE LTFERVE L, SiBE~ Y MUid, ta
SAABHIAIZHE D O~ > P VO R L LS IZHE S
L, ELRATTHRRAEPHMENL ZLICED, B
A O — B O AERL, R=F 1 b~ 7 <hIEk
Shiz& L7

3-3 ZALAT—I

7L N RAAMBIIEPE S KECEBIRER, Ak
1ZDoWT, PHE/NEFRNC BV CIE, BisISEo HikE
WEENDZREEOFERMEIZLIVHSL 2% 5 7.
AP Ar A LY, A ORI S R
B OMENIA 5,200 TTAEFNIIBAG L7z 2 LA
7% o 72 (Ishizuka et al., 2011). 72OV TIX, ¥
V3 2@ U-Pb AERHIE IS & ) Zrker &m0 S
N eosbirolz. ZOHK 400 JTERERMB L T
5 (% 4,800 JTHERT) R=F A b7 OEEDUHF D,
& 512300400 JTAEAIC & 0 BUITED BIRO KB v
L7 A NRANT TINH)RFNO T < OEEHIE
F o728 ) BRI O KRG B O RE 22 B AT & 2
2 7 o 72 (Ishizuka et al., 2006, 2011; Kanayama et al.,
2012, 2014). T7Z&bb, T L — MLARAMIIR 5,200 7
FERIPD L ZN L VEICHBL, 2Dk 700-800 J54F i
DB, BIRIERICHED ~ 7~ s 5, bkt 7L —

S ENBWED Y I ERICES T A, LB
DB Y A EEANE B L 722 LD S
Pl o7z, FPENEFEIE <) 7 FI TR AA R
BHIG AL S RS~ 7~ OFEEIEFFEIE S Cwn /-2
LSS 22127 1) (Ishizuka et al., 2011; Reagan et al.,
2013), #J 3,000 km (2472 % PL Ak Aais 2SI TR S
SN LE25NTw5.

3-4 OV SMMRER & DREE
PEANGEFEE ~ ) 7 TS 2R o727 L — b
AR A BIIRIE P DT & N7z B R 1, TR
KIZPE- TRB S N7z, MRS O R A RO Mo I
WO BICKILE AR D 5 v ) FUICBWTHF T
@ Troodos ophiolite ® & 9 7, W % supra-subduction
zone ophiolite |Z#H1L 9% (Fig.2). T4, =74 474
MNERF ORI, ORI AT F OB OB ER) - X
D, ik, BHLAELOND LM R RIET S
(Ishizuka et al., 2014 a).
—HThUARFEEMETD FLy D2k~ > Mvaye
ABAE, 78, TG, R=T A MERENER T
U T SRR O KGR E TV S, K IZD
W A Ar AEANE K OSY OV 3 v @ U-Pb AT E %
175 72 Meffre et al. (2012) (&, Z DT b iLAIAAR
TEEFHINE R RN R <) 7 k& L EIZTE U 5,200 J74ERT
EOTREMEEZ IR L CB D, BUEOTE R 5 I A
B9 % Ml T AR A DN IZ R 1206 F - 72T REMEDS
& % (Fig. 4). THARFEE&LETlE, by 74T T
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Fig. 4. Oldest ages of volcanic rocks reported from island
arcs along the Western Pacific margin. Data sources:
Aleutian fore-arc: Jicha et al. (2006), Izu-Bonin and
Mariana fore-arcs: Ishizuka et al. (2011), Tonga fore-
arc: Meffre et al. (2012).

V) 2— v HRETINE T  # 4,600 J74FFi F T 5 Kl
EHIE SITEB DY (Jicha et al., 2006), = OEEH LLwT D
LA ARFMG & R L T A (Fig. 4). L% L Meffre et
al. (2012) &, ZLRAFHOERIZDOWTIE, JEAARBLG
BEOMEILRIC L VR E N 0Tk <, WldLK
DAGFICHL S T2 WA R AT A GA R T [0 O SR IZ K D)
B ICHL ) B S 72 b DThH B eSS =V & L 7.
SBREBARRAFIC L) R F oML A Thiuug, +
YA DORK Y LSS D L EZLNLD
TR SO I D R DWW TR AT e A3 7% S
TOLHIBIIESNTWAE, SHROFEDMEREIZLD,
RN O B ORI & (LA AR BIAG 7 0 AR
D MBEPEONDL eI END.

3-5 MREREE

7L — kAR B BIIAR OWFEIL KL D HREDTEAK
1, TSI & HERTS 2 B X 0 SR S A7 Hhs i
ORI S HELFIND (Fig. 5: Kodaira er al., 2010).
EEHS K OSSO FEMO MR T, BRI &
DNZRERLKZFA IDGAHLTVD I ENFHL DI
o TWDHAS, FOMINTIE, A7
(7-8km F2BE) LAFAEL B WI EFHL M IZ% 57
(Fig. 5). —/REEAD, X0 FEWH 4,400 15 47T DU
DI BINKILEEFAAYI A S 2 M TiE, £ 20 km F
EORE S 25, R HEERE S BITEOEND b D12

Haha-
jima S South

Muko-
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Fig. 5. Seismic velocity structure of Izu-Bonin fore-arc
(after Kodaira et al., 2010).

BT 5 (Fig. 5). 2O Lid, ibARAAFBIEEZEOZR
RAERLR=F A FHNEE) L T2k ic i, Eiilo 7
L — MRS A5 A, RIS E T2 L 2l
(RS % (Kodaira et al., 2010). & & (2B B JE W s
WREPENZ L, R=F A b7 OGN T %,
4,400-4,500 J5 4EHT LLRE O BlOLEH B IS & 0 2l i
RN L 72 (FRES RS TR e DR 0 K LLE B 4
LNTWARW) 2 & %RT LRSI (Kodaira ef al.,
2010).

D EHIT, ThAARBIGHNHERIL K ATE & Tz
ZllE, WEHFNRBIEOM G O TR S b L
INb.

3-6 FENZRERTUTFATOETIL

BRI O KL ) o Fg 7 DO BERE ASHH & 7212
%Y, COBMOS S HEEOEEL R CTE L L)
otz TNFEFTREINTEL, HAEND L \VITHHE
TIal—TvarvEILL LT L — MEARRETIVEL
ST oz bk, BEWT mLELOBEFELH
THC& 2 BMAIET IV E LTUTO L) 2ET VD
ZEN T 5 (Fig. 6: Ishizuka ef al., 2006, 2011 ; Kanayama
etal,2014), (1) #5200 H4ERTIS, #2L Tz
%H2HMOTL—1tDH L, HTEEORENT L —
FPHEL CEEONEWT L= O TFIZEDAL. Zh
MhAAARDOBIBIHS L, BHAFN/TL— LT
s ssE L, WIRILASBE L. WA T, FL—F
DL < ¥ PVORGRRE LTOESFIZE,
JERMC & 2~ 7 BT B & C, iR LR 1
POz o (Thb bkl A7 THERWE O
Braidl, HHVRELALRLZV) XREOEE)
& () BlEHNT, 4,400-4,800 JTAERIOMIM, A
T T OEHAKRICRET HREICE D~ bro EA
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A.Subduction initiation: slab sinking
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Fig. 6.
subduction initiation (modified after Ishizuka et al.,
2006, 2014b). The Bonin Ridge fore-arc basalt can be
regarded as a product of decompression melting of
depleted MORB mantle which has experienced melt
extraction, and more depleted than the source for the
backarc basin basalts in the Philippine Sea area. This

Summary of model showing the processes at

melting is supposed to have been caused by extension
associated with slab sinking and associated counterflow
of asthenospheric mantle. These basalts have no or
limited contribution of material from the slab if any,
because sinking slab has not reached the depth where
material released from slab can reach the melting region.
On the other hand, all boninites have significant concen-
trations of slab-derived components such as water and
LIL-elements. This implies that about 2—4 million years
(m.y.) is required for fluid/melt released from subduct-
ing slab to start causing flux melting of depleted
harzburgitic mantle. Another about 4 m.y. appears to
be required for normal tholeiitic to calcalkaline arc
magmatism to occur after boninitic magmatism. Thus,
about 7-8m.y. is required after subduction initiation
for mantle flow to cease upwelling and to be dragged
downward by the slab to 100-150km, the range of
depths for slabs beneath arc volcanic fronts.

L C IODP (JEIBEZEMEHEHIGT ) 12 X 2 HHIFERD 7% &
M, 2014 SEIHREIASESL L 720 AN 1) FF/ NN
B 5L (IODP Exp. 352: Expedition 352 Scientists, 2015),
2) L35 = A #E4E (IODP Exp. 351: Arculus et al., 2015) @
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BOMWRIERIAEWHE) L 2L REBREGE R=F 1 ME
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MDD STV 5. —J Exp. 351 THHIAZ M THN
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TRATWZ &, F 72l EAAARRBET VT
WENTWD XD % FE OS8R FA % i0sk L 72
WIIIEAERT, FE/NEE <Y 7 Filoik A BlfE1:
BB S Nz REMEAS RN C & 20 ESHE 6 201
% o 72 (Arculus et al, 2015). S HBERIGUE 0 0 Hr 12 &
D, BRI B 5 NEE), BEBEREOLEO
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