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Formation of Continental Crust at the Izu-Honshu Collision Zone

Yoshihiko TAMURA *

Abstract

The tectonic setting of arc-arc collision and arc accretion in the Izu-collision zone is similar
to that of the Archean orogenic belts (e.g., Taira et al., 1992). Understanding the petrological
processes of granite formation in the Izu-collision zone, where geodynamic information is not
modified by polyphase deformation and metamorphism, may contribute to an understanding of
ancient orogenic belts, especially those related to collisional settings. The Pacific plate began
subducting the Philippine Sea plate about 50 million years ago to produce the currently active
Izu-Bonin-Mariana (IBM) arc. The collision between the northern IBM arc system and the
Honshu arc of the Eurasia plate has been occurring since the middle Miocene (ca. 15 Ma) as a
consequence of the northwestward migration of the Philippine Sea plate (e.g., Yamazaki et al.,
2010). Neogene granite plutons are widely exhumed by tectonic uplifts associated with arc
collision. Seismic imaging suggests that most of the present Izu-Bonin arc crust was created in
the Eo-Oligocene (Kodaira et al., 2008; Kodaira et al., 2010). However, remnants of this older
crust have not been found in the Izu collision zone. Tamura et al. (2010) integrated new
geochemical results with recent geophysical imaging of the arc and concluded that Miocene
plutonic rocks in the Izu collision zone are from the Eocene-Oligocene middle crust, which was
partially melted, remobilized, and rejuvenated during the collision. Moreover, (1) the mafic arc
lower crust is missing at the collision zone (Kitamura et al., 2003) and (2) the aseismic
Philippine Sea plate, which is subducted at depths of 130-140 km without evidence of a tear or
other gap, has been detected even beneath areas 120 km NW of the collision zone (Nakajima et
al., 2009). These lines of evidence suggest that the down-dragged middle crust would partially
melt and coalesce in the upper plate, but the mafic (high in iron and magnesium) lower crust
would not melt and subduct into the deep mantle, resulting in delamination and separation of
the middle crust from the lower crust. Both processes are inevitable at the collision and are
necessary to yield continental crust. Thus, it is suggested that collisional orogeny plays an
important role in the genesis of continental crust.
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McBirney (2006) @ 20 450 12 S h 7%
Fl35 Igneous Petrology =ML T D X 5 %3¢
THdH H. “—many geologists shared the view
that we had already learned essentially every-
thing there was to know about igneous rocks—.
Now, twenty years later, many of the theories
that seemed so secure are the subject of lively
debate.” BIEIRFEIZ#m ST b [ < THr
LWKEEORE] OOE O KEMHRTH 5,
KEEHIEIZE L EEA DS R E b 5, KB
RTRIIRICEFOMETH 5. & o TREEMB®
DEFTHERD IR L > TREM R D DOD—D
Thbo F7z, (€K& D REE#G DOV % K
W 5HRADVEL L RENTWS (Rudnick and
Gao (2003) IZZDL Y a—hDH2b), METLE
BV TRIZENTNOHEEMEIZ AR ) DN T —
vardbb, LrL, KEEHRD 60 wt% SiO;
MHEORIEE DT/ E DO EIZonT
&, TRTOMEES KL TWD, 2%, &
G~ 7~ oifghs L O/ 7213 E8me Gikes)
EZREY T YDA E— 5V GBI KR
ZOLODOMHEICE > TEERKREE B D,
Taylor (1967) Kk O FEIGH K A % 1A
(IVrTNAVENE) THhHIE, WVIT
WA a7 ST A A T O K ILNZRFEIY
ThHdHI END, KEEMTREATEA AL OKILEE
BTHEL S L Uze MRIFIRARAARTTO< Y ML
7z YOG RRC L ) RIVEEONAER 7=
N4 T B & # 2 Twiz (Taylor and White,
1965) AWE RS TV 2 ¥ ¥4 b GEKHEER)
BEKRTFTTIE3GPaEFTHALAAEL AL IIC
ANTFBES 5 2 & (Kushiro et al., 1968),
F O HLH 72 & (forsterite-diopside-silica, forst-
erite-nepheline-silica, forsterite-CaAl,SiOs-
silica) 123\ T forsterite D% E FHIXATE KT
TIKT 5 Z & (Kushiro, 1972) 7 & it E
AR EBROKERD S, BIKOEGK< Y PV x v
T ORI X D ZINEH O < 7 05T
% &% % 720 Kushiro (1990) 13 & 5125441

E 7PN EROFTHEESNS LEZ, HED
AL 5 U7z

—J, L ICHEEERO< Y My 2y IT
HLEMERIREIZRETHLLEV) T F A
AV T %o BN (FE/ANEE~<) 75K @
YRE~ 7O ML TRE/NER <Y 7R
DR EE O E AWK T 5 E T IV
Tatsumi et al. (2008) IZ& D FEFKEh/ize Th
VT AR O H FE Dl R EERE VS & B DI R S A 5
(Kodaira et al., 2007a; Takahashi et al., 2007,
2008) L AFFEMET IV EMAGDELHED
DHHWHTH 5,

LI, TRIUE< 7B URIIAEED
IR ORE | N F TV VA LEwmSN
TELD, WERZEoMTaIrErFARELNT
WaEIEEVEEW, ZOREZHHBO—DIL, Tk
BB D= T HHRERAERSEIC I D EHLL
NE< 7P LTnWb 2 EIlH b, 25
25, bbbtk < 7 o Kl
NW Rota-1 T, %% ) RKGLRES ZHRILL 720
INSOEEZRHN - T LT, ZoXLZ=>
DUEZRES I IFEL T LT L2 W2
L7z (Tamura et al., 2011), 5#1%, LAAA
WOKRINIBIT B0E~Y 7~ DL KM% Fifaa 3
LIEDVHEING, —2OXKILOETFTO< Y T
Vo ry VT, ZOOXREY PRI
BT LD, MES T OTHI RO,
EVWIRETHY, 2512, RIAEoWE~ Y
RIBHFEELZVOD, Ev) X9 LR L
TH»9o

RS TIE, KEMBIERICLE RS 5 —DD
WA T bo BINOHEEN EER % (Kodaira
et al., 2007a, b; Takahashi et al., 1998, 2007,
2008) 3B ICHEE L CRINE O
BPEAETHIEEZRLTWS, LaL, ZilE
B ok 2 B L2720 Tl 22K o
LIV RV, FRIDRT X912, &io
SEIGHE 2 I AT L, B KBS 2 R
T 5720121%, HiIHE > S R, T
A - HERTL, 2O TEHMEE E DR & WD
BHBEOH EITFBLELZOTH S, AR Ti, Ht
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TR & RN 284 T e B O i Hhidk 255
SRR LR - RSB —T, T4 v ok
TERMRDS< ¥ PIVANELAIAA TS Z & R
To DF D, T B 5R B PR AN 22 Tl
ZoTWBZEaRL, HH OREEMEBARIZ
FIRCAPAR= R - DY/

II. BITERtmR D H B & 7= (3
TI7Ix—2a 0 EMN

IAFRENT D K e Hd; O PR HE Al & {7
T/REE~Y 7 (IBM) Ko 55k -5
WA EM Z T 5 (K 1. KBz P
%1% Rudnick and Gao (2003) & -T2 ¥/
ANWVERN, HFEamEhzbDThb, KEHGROF
WKL Si0s AT 60% HIEDOLILETH S &\
I DIFEFHEELFEETH S (Rudnick, 1995).
—7J7, Tairaetal. (1998) B & U Tatsumi et al.
(2008) 12 & o TR E N7z IBM 5L Hidk 13 ke
M IC I LT SiOe #2856 wt% 20 5 12 wt % ik
{, TVWAYTLHEIZZLL, AlOs FeO, MgO,
BLUCaO ITEATWA, X512 Tatsumi et al.
(2008) 12 & Y HIBEIC/R E N7z & 9 12 IBM RO
EREET I HROMBME L <~ LA S
AEDERTIE v IBM RO T KW %
RAHBROEITIRY (restite) & A ZA L H
OB D WIS TH D, HFEYEREE
13687255 74-77Tkm/s 2V v ¥ 7§ b,
Z O IBM €K T OREED FE~ > v (Vp
= 74-77km/s) &, KEEMFEBE TIZIE% v,
KEHZRO T O LI~ Y bVOREROT-H P
WA 8.07 km/s T ) ERMIIW R I KEE
Wik &<V PUVPALAADOTERERLTVWDLT]
HeEAYK & vy (Christensen and Mooney, 1995)
—7, IBM LD €KX T ORKEED R~ >~k
VARSI II MR CTh b ZOWTE
M LCEHo b L, IBMIROME I, F
WRFEHRAE D S E 5127 1 v 7 Rk~ &
T 5%, Tatsumi et al. (2008) & MHHR A S
restite (BUKFEMR) %2 & DR Z &Ik KB
MR~ BT B ERETWV 5,

Taira et al. (1998) &, S5l 4 Bl Rk

DOHIK L 54 wt% SiOx TH %A%, T ikHitk % &
<& 60wt% SiOy & 72 0, _EifHu: & il sk
KB DMV ERmL TV, Lo
T, 2 EDFELREICBVTEIRM®D 5K
P itk L2 SEAL S 5 720 121%, IBM KO ##EA 5
il & 22D 5 T restite B L O TFHMH T T &
DB LED D b, Tatsumi et al. (2008) 1%
IBM SR M A L % A2 L, A 32 Hhidk o
WA GDLEERD, Vp EBEEEFIHEL 72
Z ORGSR, TEHGEIIAHRA, R, B
H, SV T VLY FBIXUOPEOAENILRTY,
H—H v MIFAEL R (Tatsumi et al., 2008)
TEHMAEOBEIL B~y MLE DKL, REL
e ERERE S D, Tl O IRPL T I L A
L HEEr ST IR —Ya v ERILTY
YRWVIZY B A 2V ENSAHEME I v,

EI TR IS S T it % 5] & 18
L, KEEHBRICELLSREEIENTELEA)
Mo HIERFEIE T A A = A W& < Hix 7
L— MEBPANCIEE Z SR, 7L — bEE)
WIKBEOERE TR EL, TOMR, BE
COmPEF R L7z [ BIR-BILE 72135~
KEEDHT 223 E RO L3Rk & fp 78k % 4R R
L, P omblPiRzsERILTns] &
W) DOBbNbNOEITH LD, TI~F#ET 5
72012, HE/NER <) 7 IO Mk & & O LR
FREZELEL, IO OHRBRAHTINE RO
WIRGIIBWTED L) EHZRT e BIEL
THEIo

1. RENEE~Y U700
W & DERER

KFEFET V=74 )V EVHlETL—bAEik
AAL T LTI Y, SRR KEIGED G &R S
n, KIS &R ILA S % % 4K 2800 km @
PRENEE <Y 7 IBM L) AR E 7z
(Stern et al., 2003) . HEPUALO T TINIE LKA E
R EFBEE < TR DN T —F IV KA
FTHSNTw5S (Tamura and Tatsumi, 2002)
INHDONA ET—=F IV~ 7 <H IBM IR Hi7k
DOBEEICEHBL TWD Z & FMEn v, —7,
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1 KBeM® L MU/RER~< Y 7 50 Mk O T L2 O K. KR o F 3 L% K 12 Rudnick and
Gao (2003) X 0. FFE/NEE~< ) 7 F KO ik O F ¥ L4k 1 Tatsumi et al. (2008) B & U Taira et

al. (1998) & 9.

Table 1 Compositional estimates of bulk continental crust after Rudnick and Gao (2003) and the bulk Izu-Bonin-
Mariana arc crust by Tatsumi et al. (2008) and Taira et al. (1998).

Ronov & Holland & . Weaver & Christensen Rudnick &
Taylor Smithson Shaw et al. .
(1964) Yaroshevsky Lambert (1978) Tarney (1986) & Mooney  Fountain
(1967) (1972) (1984) (1995) (1995)
Si0, 60.4 62.2 62.8 63.7 63.9 64.5 62.4 60.1
TiO, 1.0 0.8 0.7 0.7 0.6 0.7 0.9 0.7
AlyO3 15.6 15.7 15.7 16.0 16.3 15.1 14.9 16.1
FeO* 7.3 6.3 5.5 5.3 5.0 5.7 6.9 6.7
MnO 0.12 0.10 0.10 0.10 0.08 0.09 0.10 0.11
MgO 3.9 3.1 3.2 2.8 2.8 3.2 3.1 4.5
CaO 5.8 5.7 6.0 4.7 4.8 4.8 5.8 6.5
Na;O 3.2 3.1 3.4 4.0 4.2 3.4 3.6 3.3
K0 2.5 2.9 2.3 2.7 2.1 2.4 2.1 1.9
P05 0.24 0.20 0.19 0.14 0.20 0.20
Mg# 48.78 46.73 50.91 48.50 49.95 50.02 44 47 54.49
North Izu West Mariana Mariana North Izu
Taylor & . . . . .
Wedepohl  Gao et al. MeLennan Rudnick & | Tatsumiet Tatsumiet Tatsumiet Taira et al.
(1995) (1998) (1985, 1995) Gao (2003) | al. (2008) al. (2008)  al. (2008) (1998)
Si0, 62.8 64.2 57.1 60.6 52.3 54.1 53.3 54.0
TiOs 0.7 0.8 0.9 0.7 0.8 0.7 0.7 0.7
Al,O3 15.4 14.1 15.9 15.9 18.9 18.7 18.7 16.2
FeO* 5.7 6.8 9.1 6.7 9.4 8.8 9.1 9.2
MnO 0.10 0.12 0.18 0.10
MgO 3.8 3.5 5.3 4.7 5.3 4.8 5.0 6.1
CaO 5.6 4.9 7.4 6.4 11.0 10.2 10.6 9.0
Na,O 3.3 3.1 3.1 3.1 2.0 2.3 2.2 2.4
K0 2.7 2.3 1.3 1.8 0.3 0.3 0.3 0.4
P05 0.18 0.13
Mg# 54.30 47.85 50.94 55.31 50.12 49.30 49.48 54.18

IBM GRASHEAE L TH 549 5000 JEAHE#E L T
% (Ishizuka et al., 2006; Reagan et al., 2010).
30-15 Ma (2l As Rk L, I E g4 %/
L ARG HEEDP E iz, F21 IBM o Hizk
DORIRIE, BRI LLAT O a5 i & Wi
R SNz EZ 2 5N Tw5, LLTFICZEDSE
WEBRRE S,

1) IBM JADFTIMI% D7

B % Mg O BT L IL A AR O BRI (hh

) kb, FoMBoEEs L OEO KNS
DERBOEHE TOMIIER IR DTH A
Vo XV MNVOFSBETE L RO T
(< 27<) 1<y P S FRICER T 5 M
2, MEBLOENOETICL D KEOH % 5
W2, MHIOMBRIZD & & Do I
Mz, WRCERLZBR< 7~ hrbehEoh
7RO BER e (7 i) RS 5ITHERICHT
Lado7zi@KaR TR I TwbL EEZ LN
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%o IBM Hij SIS 35 W CUEAHHH it 2 & Wi it o
KIEDPHEFEICD > TR EL O LTV A
(Ishizuka et al., 2006; Kodaira et al., 2010; Rea-
gan et al., 2010), WHFMDOR=F 1 M2 HET S
ANEIREEE B X OVNE RS 13/ R ET I — &6
Td% (Ishizuka et al., 2006), FE~1) 7 F 0
77 AHEEOHEIKIE< Y 7 FIROFIRTH %
A%, ANSEJECRT O & [RIAR A A =0 oo R =
4 b, TREW, F7uEriEHT % (Reagan
et al., 2010) FEINORIIIHIC 35\ Tl EIRE R
PEHIETH (Ocean Drilling Program (ODP) sites
787, 792, 793) | & b K Ol o KLk
ORE (F—EF A M) PRI TS (His-
cott and Gill, 1992; Gill et al., 1994), & 512,
Taylor (1992) &, Frontal arc high (BED K
7w ko 50 km FMIZF LI 2 2§
WoOWEWZEE ) e -l it o il 7
0y FERBELTWZKIUTHL EmLE TV,
INBHBNEO KA IZ—EBOR=F 1 & Fw
TR TRTYHMLL72ERTH %o daHr it
Hrilk o KL EY A IR0 A I O Mk 0 KRS
REBBEHEZFE LI LEZRIEL TS,

2) WHERER CHBREERED 5 & 7/- IBM

o770 b EERMIH DR

Yamazaki and Yuasa (1998) 1@yl Cridt
W7 5 ZH O RS AET 2 R L,
R OF Lt oKl 7 1 > »Tdh % Frontal
arc high (Taylor, 1992) Zif-> T\ 5, VHfllo
FNZWAT DTN S T RIS H B0 HAH DY
AR 139° D BUE D IRAK G &2 B AL IZ8) - T
A TW5%, Yamazaki and Yuasa (1998) 12X
% & 2D OB IE OFNEWH ik o KLk B
X O - TR AR S B KL OEEE O
T4 7 RIRECAROIAE R R LT b,

Kodaira et al. (2007a, b, 2008) |2 & 1) Jb#BHH
GUNEFEIRO 3l B £ N2 0 3 IRIT R IR A8
DA B 227 o 720 BRI C & 1E Yamazaki
and Yuasa (1998) (ZxfIt$ % X 9 7 b Hr k-
WH oM DILHNY TH S (Kodaira et al.,
2008). HHMH O DIF 13 80 km 75 100 km
DORIZ DL > TEFHLTEBY, HROEWEE

Yamazaki and Yuasa (1998) DA & —
BT Bo & o T O HF#E O FAR Wi 12
WEN/zeEZON5, Flkil7a sy EHER
A0 0D T 5 D b s W 38 1 - 4 b 7 5 R 2 X 6.0-6.8
km/s O P JHEE % & Ol (ILsEko
W) OIEEHT80km A*5 100 km DJEM % H -
TEHLTWD, 351, Kili7w v b &
DL, Z ) EE SR O FTNR > TE2 5
EVT)=RZND X HIC—FT S (Kodaira et
al., 2008). X o CHAEOPEIROFIHK, Kili7
T > b B K OTESI 0 M8k D A HR 431k Y ] 7 i
KETOGHH - I T TR S hTwiz e
EZ25HZENTESL (Kodaira et al., 2010),

3) IBM IO hEfHND T A—TELTDE

E Ry et

PR NEREINIER A~ 7~ EE~ 7
YONAE—F NV KEEE TREO TN
(Tamura and Tatsumi, 2002), & 5 I|ZHHEHID
VUL~ 7 < LS MBI X ) R1, R2
BIXORIDZHDI A FIZHTHIENTED
(Tamura et al., 2009), Z 15 ZMOFEHIE 3R
TANALSFE AR 22 ), oKL (Kl
B, WEHIVFT) LRk L ks oMK
BHELERED 5. RLBHAIZREY <%
FARETHZKUEPLBEBL, ChSOXRAE
RO KINZE PR 2 D Do TERUS BRI S
VT ZIER2MHAZEIL L, IS DHBIEK
N 2 320 R3WMAAIZY 7 b
ZREE S TR 5. R1THUE & R2 WAL
B, OF ) ERAETEO KL & FRAUE RO KL
kM7 ey Mo TREICHIIL, Fhic
Pk o THERHIRE OIE S Z ML ET 5 (Ko-
daira et al., 2007a), f#iICHE = Sr-Nd-Pb [f]
MARICB W THETT % &, R1FAUE IS
5N LA L FHM T D, —F, R2EH
HRENROZRE~ 7/~ TIE %R T, WiFHtto
FREICHM T 2K % D D, Tamura et al.
(2009) &, DT EHICEZL, TREEAD
Kl (KILE) OBETOHE WY MLy v VI
BOTERETIIIPERT S, COLRES
< AHGE PN B THIHBE) LT, KL O
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it oS & SR RUH T 50 Z ORI, KIl
BHETIEH i oRNME O R2EME~Y I~ %
HU7e F72080A % 4 U7 il M i T ik it
WREIZEALT B 720, KILE - TIEH R b 3%
B35, 7z, TORTHPIELITIUE, TERCE T
okl GEEA VT Z) OBETOX Y MV
v xy VIR L T WnwZ & 127% %5, Obana
et al. (2010) XHEIMO K7 T ¥ MZifo 7z
BilHERr o< > MV oy DB 5 E
RS A RO T2, ZOMRR, TREFERD KL
THHrHrBEAIZARKETIIBWTS KK
HEERE N AR LN, ZOMIZH 5 ML,
HMEETIE~ Y My oy Yo S PR IX
AONTH o7z, Tk Tamura et al. (2009)
DR EEEMNTH b,

IO TR (TR O 7O —T L o T
Wb EEZ LN, FUINIIEE  DWFEH VT
TOVAAEL, R2EMAEZMELTWa, 203
Fx, Wt o RS IA < Ao KL 7 1
VIMCAALTVWEIEERELTEY, Ko-
daira et al. (2008) D HhiEfkE L SEAMNTH
5o

Iv. REIN-FAMNAEREOHE

B 1a 213 SR -A I 2205 o i g AL L 72
HWEK %R L THb (Aoike, 2001; Tamura et
al., 2010) o FHEHRE ARMIROEZEIIH) 15 Ma D
IR CIE L E oL EZ BN TS (Bl
&, Amano, 1991; Takahashi and Saito, 1999),
74 E VT L — P OHBERTF T — 5 &R
7 L 72 Yamazaki et al. (2010) 12X 5T 15
Ma LIEIZ 7 L — PORPEF OB S XIF LA L
L, WS T 7o TRMIKO FIZihARA
TWeZ RSN, HERZHTL 71K
YiET L — b O AIAARIZ 15 Ma LLRE#Mk#E L T
Wk, 74 ) VT L — NI OJLFE LI
BUTHHAR T v v 7H % HHERLTBY, £
D0 130-140 km DR S IZHEL TV S
(Nakajima et al., 2009)c 2@ 7 1) ¥ Vi 7
L — b+ O ISP E/NE R 35 X OF H AR
BILAAATLERFEET L — FBIED>Tn5 (A

la)o 224 @ 120 km JLIZA0E 3 5 &KL
KINMAD 7 4 VEVHET L — DL ARARIC
XoTEINZERKLEVZETHS ) €
D FEWRTIIAT 2207 13K & LTIk A aARAGE D —
Thbo

X 1b 1285 DI L2 ITH Do HHFAER
#fk (KGC) B X OFHIUA R I 285 & J¥ %o
FAEBRERTH S, TN SIS XY Bl
ROEHDPHBER LD DOTHL bR TW5
(1 21X, Kawate and Arima, 1998). HHF{E @ E
ITHERL 2 S ESRoMT HERICEAL,
FHREARIE 15 Ma DIEO I ICEA L TW 5,
HREEAR B L OTHRAE RO H I B\ TERED
N IT—3 3 VIEKE W, FRF SR 2emy
BV THRKDEEARTH L, FIFER»50
K-Ar £ 4013 15.7-7.4 Ma % /R G % - K,
1966; 2213 7>, 1984; Saito and Kato, 1996; Saito
et al., 1997), WIKEERGEA L+ v ~L 707
T —7 (SHRIMP) (2X AT 0VarD T /-
4EA 1L 16.8 2 5 10.6 Ma % 77§ (Saito et al.,
2007). FHIZ, FIE &2 5 O K-Ar 18,
Ar-Ar 458, Yvaro g4 vy ary by 2R
RBIOYVaroy s V-HERITTNRE K
EuanN)z—varEry (K2 (Bl 23,
Tani et al., 2010; Yamada and Tagami, 2008),
IS OBWEEERIZENENE L DNEERDP BB
BTENTWS, 74V EVlETL— FOEZEIPE
Wy, B ZERT OB HUE AT T3 4R D T T/NVELRS
RWRBER (7<) R A EEALTBIEOH
e hB L OFHR AR EZ IR L2 E 2 5 b,
Kitamura et al. (2003) ZFHRER AR O E
W EATHD M —F 54 M E/EBICENT
LHATUE WarRVvy 7Ly RAF7a, s
TV v RFTa, pEsr7sn) oGk Ve B &
CVs HEAEIETICBWTHEL, #hs %l
AR IO Mgk D MR P % (Takahashi et al.,
1998) LR L7 TR, b—FF 4 bAS
R, THROF 7 0 i T E % o _EE A
Y9 bHZ xR, —F, Vp #ENSIEFHR
FRICB VTR IO T E SIS T % 5 A28
Ruw7Ze 722> 72 (Kitamura et al., 2003), &
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15 __ Beginning of collision between the lzu arc and the Honshu arc
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_____i_‘- . Tanzawa
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_: Collision of the Izu Peninsula
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= K-Ar (Hb) Ar/Ar K-Ar Ar-ArK-Ar FT FT  U-Pb

(Hb) (Bt} (Bt) (WR) (Zr)(Ap) (Zr)
2 JFRCE R o R 4 A Yamada and Tagami
(2008) (2B A, VIO BEHAEA D FHR B
OB L ENICHET 5 IEILVER
ZORT. AR ER - A (1966), 1K (T
» (1986), Ttoet al. (1989), fEHEIE 2> (1990),
Saito et al. (1991), Saito (1993) B X UF Tani et
al. (2010).

=

Fig. 2 Reported radiometric ages of the Tanzawa
Tonalite Complex, modified from Yamada and
Tagami (2008). The ages are from Kawano and
Ueda (1966), Sato et al. (1986), Ito et al. (1989),
Sato et al. (1990), Saito et al. (1991), Saito
(1993), and Tani et al. (2010).

TUTEIRIRWFETH S, kO X 9 12 Taira et
al. (1998) XTI FiMMxE L VIR 2 &
2 X o TREFBROMBIETL vy Emz L
7oo FHREMRIZ F 312, M50 )T T it
ZEVBErNFEERoOMETHE, 2F 0T
RERDEREZ D b O 23 EilH5E 7 & K P~
DHELZHEHTHHE A LEZRBL TV S,
FHREKRL D L V) Is0% v (BREETH
%) WHERSERIIBWTORBERI VD
THH9o

V. BRFOERIL >V

HE/NEE <) 7 F 5K Hijdk & 5 -4 5L
M OB L RHARTHDL EARBRHELZ LITR
oL, Hidk L7z & 912 IBM 5o #biek o Kk 45
A S W I AT TR S i, Fo—
Ji THUI-A MR OB 224 12 BV T Z 0FE R %

LOLDIEFFEWICESNT WS, =D
OMFICET LHMA 714+ F4 b THD, 2O
74474 MREEEORENMRS, LT
4 VEOMIKES, BLXOFLTA N, TVAY
ZRAE, WV TIVHVEONRE,S T T g
BEABIORBAILLEPADAREEATY
5o AEACIZ 40 Ma 225 20 Ma 128 X 5 (Hirano
et al., 2008), = {# B 1T b M H it (837 Ma,
K-Ar ER) o7 VA ) ZREVET S (BF1 -
/N, 1990) o WETNIA 7 4 F T A4 DI 2Ea5 TG
oG tEHomiE L, iy, €294

ORI IRV TRINGECSESE A%
35 (Arai, 1991; Ishiwatari, 1991; FIARIZ A,
2005), TN F TIIMEIGER L 1% 2 5Tt
W h o 23RN 7 4 54 Mg, FEik
A i O PRI EER MR 2 B L Tw
TR D %o SHRIING HBHO 42
GV O NOY AP AGTARYVAR-F (N GRRE L N
N,

FEIRO P E R L Tz Fz 5T
& -HIFAE R SR, PR ARG -l it
7 <, 2R & AT L 7o it o aER R B
D (M2), FERWICHETEDLLDS, TNHDOH
PRIE IR PRI CTlE R Ao 720 hs
DENCEZLDIRETHAH, RS,
SO, 74V EViETL— ol
NOBEIAE, RINMOT~ETIEFTHAEHR
Ho TOFFETIET Y PAANEYHFAL T VENS
HEWICH Do MR Z TEK L w2 s A hsih sk
NEWBT B 70T HREE GRaRE) L, T
WHRE A SN TY E— Y 5 4 X (remobilize)
TLUEND b, THHAERGHE, FHIAEROR®
L72ERII NS OBRROEAENRTH S, T2
INSOEKEE—DODOTOy 7 ELTEALTY
LDTIE%L, METEDL2IT TV DD/
BB ke LCLAL, BEOKRE ZAEKRY K
LTw3 (f21F Saito et al., 2007 ® Fig. 14 %
ZM), INLOIEMEEOFERIT) E—L TS
A L7AER TR VES I Do 9 THIUE,
FAMF IO RS 2 TR L T 72 i REEIE R
&\, —J, Nakajima and Arima (1998) 33
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REHFEDT F 7 F ¥ 22 X o THHREKRD B
AL TWdo 5D L C O I T 5
BOTILL, TREMFBOTFTFT AL
TH Y VF IV iR EAVER S 5 W REMEIZ R &
W (Tatsumi et al., 2008), ZDF ) Y F )V 7xHh
b 2 TP L W o A AN ERLTE L TR H
WHER R, FHIGGERATEIK S Nz & v ) D3R
MXDEETH Do

X 3 1% Shukuno et al. (2006) D FFFIEAKRD
F—FF 4 b (62wt% SiOz) O RlfFHIZER Dk H
ERLTWA, FHRO M —=FF 4 Mid 900TC » 5
1000C DLIE T 20-40% DFRHEZL D A )V b &
HEMOREME b, AN IS EELTEATR
EHRACEEOKIED LIZEASRERD, b
L AV b &2V L 2 X s oE s
B AL L) E—YI4 XL, ¥4 T
WELTERTATHS D). EB, FHREKICE
Wb R SIS BT WA 2 SRl
FHEOBKERI AT 5 (Kawate and Arima,
1998; Saito et al., 2007) .

AR L 72 SRR o+ ) O F v iE R E
BFFL TV AWEERIZIZE A LRV, T TV F N
BEMREIFIVITL YR, BER, Yvargo
ISR EIN TS, I3NSHL2R LD
I2900C %A DL, ANV 7LV, BERMI
TRTHMT 5. 51T, 41X Watson and
Harrison (1983) @ ¥V 2 v O fafll/ EIFRE &
FNCHTLIAN IO Zr & L O BBRZR L
TWbo PHE/NERIROFRUS ORLRHPE SR L
Thbo FEAER<Y 7 FIRO KIS OHEIE
ML CZr #AEIMMENT ETH D, MMETD
200 ppm (ZiW 7278 o F 72RO KA T
R DOER IR TH D L E Z SN D (Tamura
et al., 2009, LoTTFTFFTANBIY, A
A3 850C WA 728565, AV I F N athofy
FELTW2 9 a Y33 R Cisls - o i 50 Rl
WACHE T CTHERT A2 WREAKE V. /2, JHR
HROYE, M220WLbrRI LY Va
DO U-Pb LRIV T LY FD Ar-Ar 0B &
CHRERO K-Ar FE0ZITIT—H L TV b, R
YTV, REFOFAERE VI DD

80 gL rhyalite melt

60

Wt % Mode

40 —i:_

20 1

0
900 950 1000 1050
Temperature (°C)

3 Bkbar BT L2 LIMEEAARIN—-FF 1 D
il fif 92 5% o &5 B (Shukuno et al., 2006). iR
HERTERBIZEDZ WV E—F T4 M SiO, &
25 % 60% T » 5 (Kawate and Arima, 1998).
900-1000C THb 7 mfi 12 & 0 i dh (B EA, &t
IR, WMAEHHE T, mEgkeL, * fA3E) L 20-40
wt% DAL E ANV P OREKE 2D, 900CT
FRMADEGEREWMGEL Y TL YR, BEH)
BLUOY VI Y353 %. Copyright (2006)
Elsevier. Reproduced with permission from El-
sevier.

Fig. 3 Weight fraction of phases in andesitic Tanzawa
tonalite melting experiments at 3 kbar by
Shukuno et al. (2006). The most voluminous
rocks in the Tanzawa suite comprise tonalites
with ~60 wt% SiO, (Kawate and Arima, 1998).
The weight fraction of the melts increases
continuously with increasing temperature, from
19% at 900C, ~40% at 1000C to 55% at 1050C.
The melts are in equilibrium with plagioclase,
clinopyroxene, orthopyroxene and magnetite
at >950C. Quartz appears <950C. Copyright
(2006) Elsevier. Reproduced with permission
from Elsevier.
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(Na+K+2Ca)/(Al « Si)

4 T3y o/ ERIEEORK R (Watson and
Harrison, 1983). £ 45 T/ L 7z #i PA 1t B/
FHEIMO WA A O Zr & & M OFPH. JtE /N
JE B O it AL 1 H B b i o 5 R T H S
L%z 5N 5 (Tamuraet al., 2009). Zr &4 &
D& % AR 0 R Hb A% 900-1000C TRl
BLZHE, TXRToOY VI r@itisnhs
B PE AR & W,

Fig.4 Results of hydrothermal zircon saturation/

solubility experiments at temperatures of 1020,
930, 860 and 750C after Watson and Harrison
(1983). The residual zirconium concentration
in glass following zircon crystallization is
plotted here against a measure of melt basicity,
the cation ratio M= (Na+K+2Ca)/(AI X Si).
Error bars shown are at the level of £20. The
rectangle shows a range of Izu-Bonin rhyolites,
which seem to be anatexis melts of the Izu-Bonin
arc middle crust (Tamura et al., 2009) .

AWM S N T WD (Watson and Harrison,
1983), LA L, IBMIlOX 7 <D X9 & Ei
(900-1000C) TZr BHEDOL R WViRAEH O
R INT OBABEEFIZLPIBE, <
FIEMT ATV U ETRTHEEL, £ Y
F NV RAERBTEROTRCTHEET 2 WEEELS D 5
(Watson and Harrison, 1983), JHRAMAKDPHE
Mo BHE») E—E¥F5A4 A L72bDThHhN
X, FHRERoOFVY 7L YR, BER, Yra
VIIHBERILIZ AN IS L2 E X D008
BB THA o

ME—4 1) PNV ERERT TR S 5 D1
EHEDORL-STrTA Y70 Y Thb, H50 AR
RARLEANV D) DHEELCLES72DOTIE, b
LRI Y PERTLE S, LAL, &

EAER R LT AV P2 EEES, X5 TRDb
ESr OGRS RVEE, SENTATE
VELTY)E—EYIFA X LDTHNIERb-Sr
TAV IR YR HIETTH D, Saito et al.
(2007) IIXHHEREA (KGC) OB REED
Sr AR 2SR ENT WS, 1513 KGC & W
{OPDT N =TG5, TNENDTIV—TD
B~ <2 SrAMAKILEDNN) Z— 3 VB o
2&, BIXOEON) -2 g VIIPEIROT
MR DL IR T U2~ 7= SRR
WM E ST SELRREL VAALZKRTH 5,
LD L C\Wwb, —7, Tamuraet al. (2010)
TlI&, [KGC ik iR shz7a b
) AP E SRR T 5 2 LISk o TAL
2l IO HLWIRBE I L 72, KGC ®
KAr sERAB X O Y v a v o U-Pb 4RI TTE O
IowemHtchd b, Lo TKGC D Sr A7k
WeT7AvraroFlsE e r»iikm
L DONPHFRFENEE Z B
K51ZKGCBITNMG TEEOHTEY O
87Sr/%Sr-*"Rb/%Sr # 71 v b L7z D TH 5o
MR 21X (1) KGC®D L ¥ FA Rb/Sr @
BEWbDLEWLOTRLRL ML Y FERT
&, BXU (2) WM AEDOREILL
CIWZZORPHIERWZEE R WZ ETHASH, Rb/
SrfDFEWH DIEKGC DT ik
HEMENTWELDTH S, EZEREIICER5 Rl
ELDEEL7-MAEEAN N EZLEE)TH
5D BEb THALND L HIZEY ) AiERE
BREZXOBNIL Y FELRT, bLINETA Y
rary i3 olE, PEIORMIMADME S
B2 RIELCWb0hd Lk v, —7, Rb/
Sr DD DIF T Y H DT i PASEEAL
DHDTH b, w3 WERHES LY HARICKE 2
Hxxdo, bHLAHAKRERESLDEXE LD
B, INHMWHMOT AV 7a s E2BE LT
LWV DIZEYTIER WS D, Saito et al.
(2007) BZDO ML Y FETAVZRYERRE
9, A7 mixing line (2% 4D 5L Db -
HDEEZTWD, LaL, MAOERELT
&, AR L7e [Efhsiaalfd U< 2o s 35
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5 (a) WAL @ 5k (KGC) o fEfm s H b &
CEroHEE (W TREBEOMRME) O
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ODMNLYFRPLBRBEINIIAZDL, T—%
1 Saito et al. (2007) X V. (b) KGC ® 7% » D
WYUAEREORT ML Y F. (¢) KGC D
P EEORT ML Y.

Fig.5 (a) ®Sr/%Sr-8"Rb/%¢Sr of granites of Kofu
Granitic Complex (KGC) and sedimentary
rocks of the Shimanto Belt, into which the KGC
intruded. Data from Saito et al. (2007). There
are two trends (b and ¢) of KGC granites, and
the latter is steeper than the former in this
diagram. (b) ®"Sr/%Sr-*"Rb/%*Sr of high-silica
granites of KGC. (c) ®"Sr/**Sr-*"Rb/%¢Sr of
granodiorites of KGC.

Y, BURBFALATELELTYE—EITL AL
72OTHNIERL-Sr 74 V7 2y MfEiR 5137
THa] L) Tz RELEY > TR VLS

IZAhZB. Gk, BMEFIIBVNTER, Z0LH%
WhW AT A4V a b iEnT AMMEND B
EEZ D, WTNIZLTY, HAYRLZ-7T MY
ADF ) VFIVRIERERD L Z LITHADLD
N2 EVRTIETH DL, TOHEEZ RV
By i3S BIcfEshg, BxborrOoTF
YA T4 VT REFEOVLEDTHS ),

VL. EREORRBE R IBHH-
AFHOKLEICUTNS

2805 DHRB e R DAL L G R OTR$ A
(R i) Tl KIS & IRRWICHE LR S
M E b oo B ZIZTFHREHRO F—F+F 4 MEHD
D AR EIER Nk PR iR AU T PPN I F= i Aalq
A AT TiOz R FeO™* 25K <, ALO; A% W
Z NiE Tamura and Tatsumi (2002) T ik
DRINEDT— 5 ZER - WL Tw5b L XITT
TIREMN T W=D TH L, ZOHBPDLIS
Lol XoTFORETIRERTELdo
72

RBCE RIS EN O B TRl & TS AV B 28
SHEL7ZD, MESERML T~ T4 v 7 %l
WEER LD T4, INOOEBEEIIHA M
WO ERL 20, <7492 (&KYUH) %
bDEYY Ty (@Y UA) BIDOEEE, ¥
1) 7175 55-65% DL E ORI BV TR A
ERINEE Z RS LOVPEBTHLEEZ D,
¥ 72, Kawate and Arima (1998) 2RL72X 9
2, JHRAKRO EEHIE Z OFH OB 2 7R T .

Tamura et al. (2010) (XA Frite - i - 45
PO RGO K, it - it o F 5N
B~ ) 7 o KILE B X O 224 O R e
RoMK (FEILE, M=K WMEILEL,
Sr-Nd i kL) 2R L7z, Z o528, iz
DR AT ENEF <Y 7 F ko Edrt -
Pk KN EML L 728K % b2 & v ) fawi
Eole FHZZ DML E A TWZ7Z T TV v
A, I TIEMRICZORREZRT, K61xFE
Pt # (TiOg, AlLOs;, FeO*), Mg fii, # 1%
JLFEODO I (La/Sm, Dy/Yb, Ce/Yb) % LbigL
bDOTHb, FEILROYINTAT 7T A
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QO lzu-Bonin arc Miocene, Pliocene and Quaternary Volcanic Rocks
@® lzu-Bonin-Mariana arc Oligocene Volcanic Rocks
@ Collision Zone Plutons and Komahashi-daini pluton

4
20 f.
3
~ 1.0} o 18t e
2 + =3 % 2
& &
: |8 g 2
05 1
g | 3
’ .4 .
I i4 16 18
0 12l s Dy/Yb
70 .
‘%’ 10} e
12} e
. $ % - | “ Calc-alkaline 8t
AR g » By
R S a0} e 8 7 |
al T aol |
i Tholgiitic Jf
’ 20t 2t -<><
L 60 70 80 50 80 70 80 50 60 70 8C
Wt % Si0, Wt % SiO, Wt % Si0,

6 =OoOFNV—TORA (hFit - GEH - B O KL, EHE - W0 Kl B L OEK AR
DOFEEWEH & K. TN O I EEEFEEEZRT. LI VA TRITRINGEOMEIZE VT,
Wi o KINE E R AR FEITHRE, MgiiB X OH LEILHE Ny — X I2B W CHM L MK
Lo Ldbhrb. La/Sm-Dy/YbRIIZE W T FAEKTH %. Tamura et al. (2010) £ V. Copyright
(2010) Oxford University Press. Reproduced with permission from Oxford University Press.

Fig. 6 Statistical assessments of three groups of rocks (Miocene, Pliocene, Quaternary volcanic rocks, Eocene,

Oligocene volcanic rocks and plutons) and comparisons (Tamura et al., 2010). Each point in the diagrams
shows an average * one standard deviations calculated for seven ranges of wt% SiO; for TiOs, AlsOs,
FeO™ and 100 Mg/ (Mg + XFe) diagrams and for three ranges of SiO; for Ce/Yb diagram. Copyright (2010)
Oxford University Press. Reproduced with permission from Oxford University Press.

Y AES% T, 2% 45-50, 50-55, 55-60,
60-65, 65-70, 70-75, 75-80 wt% SiO, M D Z
NENOMHONVIg L EEREZRDTTm Y b L
TWb, Ce/YbIE TV AIH10% TENZENT
Ty bLTWA, F72, SiOz A 55-65% O #iPH
LA TRLTWS, & ICRINEMEK TR
55 EUEHE WO KL & B OV
FOMZESEPLIEE SO LBHE LN TH
590 —H, ITNHIEHHHE - S - Fio
Kiligr & R R L 2% o, DL EOKIR X
D, 28 OERBAFITIPE/NER <) 7 Filo
W o R AR L T E— Y 4 X
L, FATENELR > TRA EHEITHIL 2D
DTHAb, itz (Tamuraet al., 2010),

Tani et al. (2010) ZFHRERDB X OHHF{ER
BROWMBIZBWTEEBLIYVaryod o
Th/Nb LXK E LN -2 g vy &2dDl L%
RU7Z2e K713 Tani et al. (2010) TL®H I
TR R B & ORI EAR 7 & O 28 fE i 3
D4 Th/Nb Z Wit Kilig & KL 723
DTHbB, MHIZHBWT Th/Nb IFFEBICE L
TBEEIEASK & Vo —RICIGHHE - BT oK1l
HEMEILERFEMAKIETREWAN) T a3 v
ZHON, FNLRHIEN LD OTIERL, £
RO~ 7RO ERICZDRNE D 5 & &
ZHND, W - Wi B 5~ 7 <HEOR
WEVEASH 2L OB AT I TnWD L%
ZLDOPEURTHS I,
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B 7 PR 224 o 4B i 5 B Th/Nb il & R O
B AR, i o K1l S 20 0 Th/Nb il & He e §
. Ml Zen o AE A S Wi o KlEE b
Th/Nb fEDEH A K E L, 2o —fBidmw il
o, —J, it - S B uK oKk
A3 Z 8 b 47 < Th/Nb i 3 5512w,
fE 1% % B o 7 — # 13 Kawate and Arima (1998),
Saito et al. (2007) B X OF Taniet al. (2010) X
O - He T - fEHT I - B U o kDl
a5 O F — %1% Gill et al. (1994), Tamura et al.
(2010), Reagan et al. (2008) # X UF Hawkins
and Ishizuka (2009) X ).

Fig.7 Whole-rock Th/Nb versus age plot of Izu
collision zone granitoids, which are compared to
Oligocene whole-rock Th/Nb ratios of volcanic
rocks. Granitoids data are from Kawate and
Arima (1998), Saito et al. (2007) and Tani et al.
(2010). Oligocene Izu-Bonin turbidites, Omachi
seamount, Mariana arc, and Palau are from Gill
et al. (1994), Tamura et al. (2010), Reagan et
al. (2008) and Hawkins and Ishizuka (2009),
respectively.

VII. &EREICH T B KEETR DR

[X] 8 (AP & 7+ LBk oD 1 92475 00 WT T % Sl 72
HDTH% (Tamura et al., 2010), Aoike (2001)
D HIZ Kodaira et al. (2007a) OF Ao i

A& % N 2, Nakajima et al. (2009) 75 ik
AR T 4 VEVHET L — b EARMINO F ISR
LThb, FUMOLRAEH~ /Y DHEBT 5K
g (KB, =8, \ALBRE) oETo< >
MVIZIEw 7= ERLT MV (R MVEA
TENERZ Ry N T4 2 H—) PEFELET DD,
KIS ORI ES 2B E VT 7 ORTITIE
<7<~ Y PVIEAETEL &\ (Tamura et al.,
2002, 2009; Obana et al., 2010), JFtEHL &AM
MOMBZER LR TH B Z LD ODDEND
R CT& %, (1) WEDOLAART TIFLWV
WET L — DR ARATVS, LL, ZOff
ZEHIZ BV TUIZKINZ A T 5 B FEE o g H3
ARIIMZILARA TV D, (2) LkEEXKILD
Mo d M BT 2L A~ 7~
Lo TSN RS 2IREISEL TS
(Tamura et al., 2009) . (3) 2y OME R E
THEMAIEZZ7 4V E VT L — b DOILAAS
WKLo THELTWAKIUTH) ZOHTOY b
VigEEOKRIL7a Yy P FOR Y vy J0
ML FAETHAH (F1800C) ZDXHITT
TICMBE N GERE B LTCw5, 36
FRIRE NSRS 2S, B P vy v Y
WBIEFTHATIN TV EDODRELERTHDL, 2D
T — FEERMMDOTIZ A 2BETTL— D
Wi R DM ESHIZ900C 2B 5 THAH
Vo ZOEEETHIR L7z & 9 &l il ik
320% L Lo sEEE B3, —J, THho
T Ay RTEHBRBRZITEAEET RV, FE
Wk IZ T AR L7274 TELVE LTRA & Tib
W SHBN, FHICLoTEAL, RMKD
Wik B L O OB ~NEEBEAL TV L, —
75, FESFRIEAMIMD FIZhARA TR, &
NAE 21T, HilMEe A 5 Mk 25 S #ATL
KB Z R T HEANZALTHLEEZ Do

VIIL. #% [0
PEIROMW I 1T H LTI & 7z ik i
mEla AR AERPERL TS, L
L, THETEg2Z sz, 0 2 F v a0
WAEMEL, HLDDEANVMESHEL, 5D
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