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Abstract

A middle to lower crustal section of Paleozoic oceanic island arc is
exposed in the Asago body of the Yakuno ophiolite. Based on field
occurrence, petrography, and geochemical modeling, we investigated
the evolution of the Asago body and relevant magmatic processes. The
Asago body consists of two stages of rocks. The first-stage rocks con-
sist of metagabbro and schistose amphibolite that represent the base-
ment to the Permian Yakuno paleo-island arc. The second-stage rocks
are mainly arc granitoids that intrude the first-stage rocks. Mafic
migmatites occur in the lower crustal section of the Asago body. Field
occurrences and petrographic data suggest that the migmatites formed
by the anatexis of first-stage rocks, and that segregation and accumu-
lation of the anatectic melt resulted in morphological changes in the
migmatites toward the middle crustal section. Geochemical data indi-
cate that the first-stage rocks were derived from a basaltic magma of
back-arc affinity, suggesting in turn that the Yakuno paleo-island arc
was developed within a back-arc basin. Moreover, a low-K series (horn-
blende gabbro, quartz diorite, and tonalite) and high-K series (quartz
monzodiorite and granodiorite) within the second-stage rocks were
generated by high and low degrees of partial melting of first-stage
rocks, respectively. We conclude that the Asago body is an example of
the transition from oceanic to continental crust, related to the ana-
texis of mafic lower crust in an oceanic island arc setting.

Keywords: Yakuno ophiolite, oceanic island arc, lower crustal evolution,
crustal anatexis, geochemical modeling
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Fig. 1. Geological map and cross-sections (traverse lines A-A’ and B-B) of Yakuno rocks (Yakuno ophiolite) and Ultra-tamba Terrane in the
Asago-cho area. Inset showing distribution of the Yakuno rocks (black) in the Maizuru Terrane (broken line).
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K- HH, 1965). fEREEOFMAERIZ, wmH - FIK
(1994) IZ& D APkl EmRT 300Ma fith e, Yo I/ ER
9 150 ~ 210 Ma @ Rb-Sr AN ME S N=D, TOH%
Fujii et al. (2008) 1%, SHRIMP-II &)L DU —
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SERECLERAE, BREEO L &2FL, RARESE
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AT 4451 ME, BHRE 1996) 12X 0iEE, Bl
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k& &bz, il aRI SR THIME (P %%
B DRSS Nz, ZHUTH U Ishiwatari et al. (1991)
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Fig. 2. (a) Field relations of granulite-
facies migmatite showing leucosome
patches and lens aligned in a foliation
plane, and local segregation of tonalitic
leucosome from mesosome (banded
metagabbro) . Hammerhead is 18 cm
long. (b) Polished surface of granulite-
facies migmatite showing that the
tonalitic leucosome has moved locally
through disrupted melanosome. Scale-
bar is 5 cm long. (¢) Filed aspect of
amphibolite-facies migmatite showing
the impounding of leucosome at dila-
tant sites formed by fracturing (boud-
inage) . Hammer length is 40 cm long.
(d) Field evidence showing that the
second-stage Yakuno rocks (granodi-
orite) had intruded into the first-stage
rocks (schistose amphibolite) . Ham-
mer length is 40 cm long.

leucosome
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—FHIVEERBREAERICED, FHIEEELTERL A b
EAEVREHICERD, EEIFERIESE SARREDAEBICX
DRSS 5.

PRz — ME, ARROMFERRTH O, DI, AT
ZDI— b ZEHPRAR SR, §RRERIE R AL A
(first-stage Yakuno rocks) &5 _fIEAREHE (second-
stage Yakuno rocks) IZX ORI N, HWEABEHET
ERNNE EFRARED S22 BEAR AL D, B
“HIRABPAET b= VA S A BIRE R R & LS
~ERERERCGEICE DR EINS. BB TS, 8
“HIO®DONHE—HDOBDITEALTERN U UITBIS S
N, AROREERN N TIEI /<41 b (Mehnert,
1968) WALBIEINS ([Fig. 2). HEX E2s BEEH 50
AR FERIT LR EE LIS (Si0wt. % =
54) TH3. aHREAROHEHIFEDK 65 % 25 —HIR AL
HED, 35 % & MR ABEEN 5D 5. Miyashiro
(1975) IZ&KB2VLTA ~=JL 7 7V ERFIOHHIK
ET (FeO*MgO-Si0: X, FeO*MgO-FeO*X), kA
FPERT LY A MRINC, SR AREET IV TV
AVERIN S NS (IR, 1987; Suda, 2004). Pearce
et al. (1984) ICXK2fERMARD/IHERN 1T (Nb-Y X, Rb-
Y + Nb ), B HIRAREREOEREFEIT 2 TR E
I 51EA (volcanic arc granite) IZZpHE % (Suda,
2004). INs5OTENS, HEPRAKIZBT 28RN
AN Sl OFRBEHRICHY T 55D THD, F
FIR B AR 2 ORI T8 U 7= Bl Ok ploa 48
ThoEHWENS.

Suda (2004) 12&%, #RAKROEXRISHARNZ Fig. 3
WORT. B HARAS EET OZ R OMAGHEE, H
ROMER EE S FEicmn-> T, AREHEZR-DO TS
RTRFARIN T2 R+REAEDS, TI72251 Mi
EROT S HEAEA+ RO+ REG ST oIV —U A
RARNL R TR ANZT 4 T BAAN S
5. 2O ENS, BPRERIITENTIROSF « FilH%
MEEHL T2 EHEEN5 (niddle and lower crust). %
7z, AR SIRIC BN TIZI /<& 1 ML BEEIN,
INBITRYA ORI, Vo251 Mtk 5 &
EAPIEMRIBICAN > T, AVY LA GEREESR) 28
AZTFFYA IS, Ua—aV LA EREAH 8505
A7 TFYA bACHEHRICE TS, 51, I UIYA b
M AR NG SRR O AR A ERHRA Ok
AR 513, 850 ~ 860 °C, 3.5~ 5.5 kb DIE, JEHSK
BHEE SN TWS, ZN6OZENS, ITIYA NI
Sl B 2 Rk U C W e BB — I B S FE0 T o il 3
HZEITEDBREINE. LT, HERARIIHBITSE M
BOBFERAS, TEbHrs CRpk S N R E RS0/ a2 L
FAVEREL, #EEMELIENS ERT2 IR DBREIN
EbDEEZ SNz 1B, KRXTHBITEITIIA1 M
BY9 2 acdEHEEE, #aK (1994), Suda (2004), Vernon
and Clark (2008) TS 2 & &7 5.

AU N SIS D T RR & e 269

Mineral

Area Lithology assemblage

1.
L

middle crust

amphibolite-facies
Mhs
Cpx

lower crust
migmatite area
Prg

gr-facies |

- Opx
Tkm

; [E—] schistose amphibolite
First-stage Syiiias ;
Yakuno | C__] amphibolite-facies metagabbro
rocks === granulite-facies banded metagabbro
[ quartz monzodiorite
Second-stage | [__] granodiorite
Yakuno |[__] tonalite
rocks I quartz diorite
Il horblende gabbro
amphibolite-facies migmatite
[==-] granulite-facies migmatite

Migmatite

Fig. 3. Schematic geologic columnar section of the Asago body
showing assemblage of metamorphic minerals in the first-stage
Yakuno rocks, and terminology of lithologic units used in text.
Abbreviations: gr., granulite; Ts, tschermakite; Mhbl, magnesio-
hornblende; Mhs, magnesiohastingsite; Prg, pargasite; Pl, plagio-
clase; Cpx, clinopyroxene; Opx, orthopyroxene. Nomenclature of
amphiboles after Leak et al. (1997).
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(metagabbro) EFIRAPIE (schistose amphibolite) 1247
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Fig. 4. Photomicrograph showing microstructures of Yakuno rocks
in the Asago body under plane polarized light (a and b), and under
cross-polarized light (c). (a) Tow-pyroxene hornblende metagab-
bro; orthopyroxene has been completely altered into bastite, pla-
gioclase is moderately saussuritized, and coarse-grained clinopy-
roxene contains subhedral saussuritized plagioclase. (b) Schistose
amphibolite; hornblende is characterized by distinct elongated
shape of preferred orientation, and plagioclase is moderately saus-
suritized. (¢) Granodiorite; coarse-grained alkali feldspar contains
fine-grained euhedral biotite, quartz and plagioclase. Mineral abbre-
viations are the same as Appendix 2.

YA S HORICL D AREHOERNNESE, /52251
MHOEBNWEIZNT 6N5, BHIBNT, Zhsidn
FTRBMEIN S KL FARRESE TR#-O T 5N 5. £
THEHGRA LI D 2 V<5 A MTBWTIHEDN S RRE D
KO AN A EFE 572 A I (Ashworth, 1985)
YT 5, APREHOERENNE O EELE SSRN I AP
REATHD, HEMEAGDSLIZLIEEDNS, 752251
MMHOZEBENE O F B EIYN T AL, RAEA, A
PG, REGTHD, AadEpnlidLidtkbnsg. fhkEni
ETIBAOPRIEAOICERIINZAY A MEL TS, fE
HIZEDEMNY =251 MELTWA, B, V5=

2009—6

T4 MHHIBIZ BN TR I NDFRIRERN WA (banded
metagabbro) 13, BRWEA +RHEG O EEEWHLA S DT
EREDEI R mm ~ M cm BEOL A V—2387 522
T4 MEOAERNWED Z E&2IFT (Fig. 2.a). X7z, HF
IZBWTTFEEBOMA ORRA 204 L72RifE 1.0 ~ 2.0
mm FREOAACH AN UIZUITEIRIh, Zhsic
WEEMESDFEL TWD (Fig 4.2). BIRSSEHELTY
INFAR, AIIVAFA B, Wghan, BER, DN aEEF.
ZRIMELTTFIFA b, ESILE D, ARG DL
MELTRIBGZEED. 3512, ARGOEMESNIN LA
—N—="TVU > b UMk CREMORER, K 1.0~
3.0 mm FEE DMK EMOBFIROREAD ULIZLITE £
N, A ENOHAFHTEAN DL )V 711 DRI
HOZENRBIN5S.

1.2 FRAERE FRANEZEROMEN o 4P
MHRICFET 5. BIMCBNT, ISk 5k, 5
B, SEESARESE THEOY 5N 5. REEARYIE AN
A, MHEAT, WICHRES, AEtEbNns. FHEAIEL
WELIEY =3 251 MELTWS, BRSNS T IS8T A1 K,
WakdE, TEYR—b, 2)bar, AIVAFA RTHD. K
SmELTFE AN, BEN, #ESLEED. 2EIM &
LThRIEAZEE. ARAIE, TOZIRE 0.5~ 1.0
mm FEEOHI~HHRIT, WNEMESINFEEL THhD (Fig
4.b). 72720, HEHEASIRIC BN TERE L THET 25
THIEABEE S OBSENHETIE, B RIERICE DV
T ) TIAT 1 v 7RI RE L T b,
2. ETHIRAHESE

E_MmAB AT, SR EEPICE AL 2R
H~HERELGEIIMEOEKEETH D, ARG WS
(hornblende gabbro), FA#BIkk:E (quartz diorite), i
£ > V&S (quartz monzodiorite), b~ —JF L&
(tonalite), fERIPIFkA (granodiorite) ICXK DRI N D,
IR AB EESAEOBEHERMIINT S h—FIVED D
DEIEIL 75 BRRET, AHEMRREA 20 %R, T
5 %BFEETH D, NS TFEMIFAILETIII /<% 1
HOU 2—3V A, ROUIRET cm BREOEIRE U THE
U, HrERihsge i S s CLIE Rt cm 71 5 5 m BUEOER,
BOULESIH T mASBE m BEOEKRELTHET S
(Fig. 3). B IARAB AT, KA T 723k D
HOMS, X101 MEUBERL7ZHDETHLA TH D
2, k& U TIREW A RRIREE, TMEIHEL THh 5.
F, INSOMELL, B -HERAREEPObO EH
MBI TH S0, MEOEFmEIALL TS (Fig. 2.d). Z
DT ENS, BTHRAFEEOE AL, KkfEH &
RHCHRWATAER DR E TV ERB I NS,
2.1 ARNEHNWNE F_HRARESEOS bHEDE—
RS 5 % AKimD ® D ZARGHRNWEE L. BAhcH
WT, INSIHRI SHKL  BLIRD 5 550 F RS TRE
MoOTFoens, iz, FHHGEHELYETIEI /<81 hHD
Ja—aVAELT, MRS TR m RO
BERELUTHET S, FEEEEMIANG, REATHD,
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AIOHBHEAY UIELIEEDN S, REAIZZOZ<NY
—> 2714 MELTWS, BIRSINE T 51 I, BER,
WL CH D, “KIME L TFIFA MG, ZBEIW
ELUTRIBGZED. Ua—IYLAELTETEHDIIBN
T3, KifE 1.0 ~ 2.0 mm ORI THIEO AR AL HEAEA
0N, BEOMEAZEAL, ISICEHEOTINYA M
SICEASINZHRAFU T 1 v VIR INS.

2.2 AXRNEE F_ARABEEOS bHEOE— R
B 5 % LA ETAHY BAEEET Si0: DEHED 63 wt. %
KD b DEAREMREE Lz, BB WT, Zhsidd
KI SHRL, BRIR STV RIS TROD W 51 5. &
7z, FEBHGRMSIE CTIEI /<& A MDY 12—V ATsn
UES m B AERE LT, WPl s TR S $t
mMASEE m BBEOERE LUTET S, TEESEMIE
¥, AMA, RIEATHD, WICHAEADEDNS, &
AFLIELIEY =2 251 MELTWA, BRI 7 /N
4N, BER BMETHD. ARGORESOLEIY
ELUTRIBENEENS. BIRDO B DITHBNTITHRIE 2.0 ~
3.0 mm ORI HBEOAAD, Mk HBOREASA RS
HAELE, R FU 70 v ZHEENUIZLUITERINS.

23 b—FIbE BETHRABREED D B AEOE— M
BRAY5 % LA ETAHY RAZEEET Si0: DEHEEN 63 wt. %
DED®HDE N—FIEE L HHIBWT, Insidd
KIr SRR BLIRD S Bk - FiRiE TR O T o n 5.
FEHGA S TIE R /YA hHOY 2—aY ATz UIE
Bt em BIBOBENRE LT, g Y S TIIE St m
MO km BROBAKRE LU THET . FEEHIEYII A
FHEAT, mcAlAatEbns. fEAERLZLIEY -
271 MELTWa, BIpGgmEoas, Y& hT
H5. RO E L TRER, REGNEENS.
/o, BRIV TIIEENTERAICHERL Y1 O~ M
U7k, 7150 I AF 7IZEK U IHENERZ I N5,
BB, s h—FIVEREHIOE AT EEORIEICEL,
UIXUITERE RS SIS TEZ D DITHYT 5. Herzig
et al. (1997) M L7/=282 + 2 Ma D)L > D U-Pb
AR, PRSI B W TERE LTHET % Z 0
DEANBEHLNZHDTH 5.

24 BAREVVHRE HRABAEEOS BHEDE
— RELREAY 5 % LA ETHY EfZEEH Si0: OEH =AY 60 ~
65 wt. % DbDEAREHREE L. BHTBNT
ZNSITRIAR 0.5 ~ 2.0 mm FEEEDOHIKIA 5 HRL, G5O FFR
WS TR N5, Fiz, EEANREHICBITS3S
YA MDY 22—V ALELTOHEL, F5=ZaF1 b
b HER HIRAT 4 38k U pE L7z, RERA N IRHE
a, A%, HUEATHS. fEAZZOFEEAENY —
2714 MELTWA, RIRGENE VO, TINFA K,
HERTHD. BEIWELTREAZ LIELIEED. 8T
IZBNTIE, FEHEABEEOT TR LED D)L >
ETINTA SOBIERIND.

25 TEEllRE ETHRAREED S b AEOE— Ml
M5 B LA ETHY RAZEEH SIO: DEFH RN 72 ~ 77
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Table 1. Results of whole rock REE analyses by ICP-MS (I) and
XRF (X) for the representative samples of the first-stage Yakuno
rocks in the Asago body.

Sample  No.3l No.36 No.81 No.101

| X | X | X | X
La 502 53 507 38 479 52 927 78
Ce 1462 1571297 1221171 1002209 213
Pr 233 1.97 1.74 20 328 1.7
Nd 1146 129 931 83 8.3 851535 163

Sm 345 14 272 15 237 14 418 26
Eu 1.18 1.22 0.74 1.45
Gd 398 21 300 18 274 13 469 23
Tb 0.73 0.53 0.52 0.81
Dy 477 25 332 14 335 1.1 496 3.1
Ho 1.00 0.71 0.71 1.03
Er 302 2.10 2.10 3.02
Tm 044 0.31 0.30 043
Yb 283 50 201 40 197 26 277 42
Lu 042 0.30 0.30 0.40

wt. % DHDEIEMERRA & Uiz, TS i3Hkin &Mk
ok & RIS TR 515, iz, HlHbEHE Y
BWIZBTDEH m NS m HEOBEKEL TOAEL,
RERHIRASIR TIAE Lisvy, FEE AR ER, A%
HIEATHZ. FEAZILELIEY—2 251 MELTW
. Bl SEYNIERER, TFYA N ThD, LEIMEL
TREAZZE. ) BEAIRE 1 ~5 cm OMKIRBIH &
LTHEL, BEOREA, A% BENZEET2 Fig
4.c). Herzig et al. (1997) #HE L7285 +£2 Ma D)l
J>@ U-Pb UL, ZOMOEAMNSESNZHDTH
5.

eRFEK

1. $FAE

LIPSl iR S Il YN i p syt S (YN =y
DEFEICH, MEILH, HIECRITOWTOLRAEEMK
SN, JREBRFHRE O X #ohrEE  (XRF, Rigaku
7ZSX-101e) #HWTITo> 72, sREARE, SotmALEE)»
(1998) ITRIN TVWBEFAIA Z A E— RKIZEDWTT
o7z MUY AMIERBOERITZ T 7 oA IINT
A= =R K DM~ N v 7 AWIEERA U, o
BT Appendix 1 IZRY. F/z, JRERKFEREOHEES T
ARG BIMEE (ICP-MS, VG PQ-3) ZHW, H—HikA
B (4 3E) OfF HEICRIT DWW T OREEMR T
211> /7. /o MiFiElE Takahashi et al. (2002) 1IZHfE> 7=
XRF & ICP-MS Z MW THEILRITDONTORALEH
FROHTRESR % Table 1 1R, WHHEROZEDL, BT
Jt# (La,Ce,Nd) IZDWTIEZ LA 10 XLANTH 278, H
~HERTHETE Sm,Gd, Dy, Yb) 12D\ TIE20 % &2 KE<
A5, £oT, ZZTIXXRF Z2HWE-EETHE (SO,
TiO», Al:Os, FeOt, MnO, MgO, Na-0, Ca0, K:0, P-0s), &It
# (Sc,V,Cr, Co,Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, Ba, Hf, Pb),
AT #E La, Ce, Nd) DWW TORRERICEDE,
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SRR Z WAL T 2 AR SR O MR L AR A 1R 2
EET 5,
2. E—HRAHEHE

BT AR EEICDONTO mg# (=100 X Mg/Mg +
0.85Fe™) flIZT %, W DMDEELHE, MBTEDM
2 LN % Fig. 5 10RT. TNBYA T SALET, V522
T4 MHOABN VG, APTEHOERNWE, FRARE
DR FERIZENENA—N—F v T, EELTKER
—DDRLYREBWLYZ TAY —ZFKL TS, TiO,,
FeO, VOZKKIZHBIT S ML > Rid mg# fEITx LA DFHES
ZRY. —4, AlLOs Cr DZHIZHBITS KL 2 Rid mg# fiE
WX UIEDOMHBIZRT. s ML > Rid, Hart et al.
(1999) 2#E LA > R T OMEREHIC L D55
N7z, MHEEMNWEED b L2 RITENT 5. —F, K0,
Sr DERITBNWTHE AR ATERL, EEEN WA
IZHANRARIZ KO, St DEREICEDY IAF—TRSN
b, IN6DZENS, —MINCERIER O EEZIT TS
FEICKWESNDTI, VAEDHFS jt# (high field

(in wt. %) and trace elements (in ppm) against
mg# for the first-stage Yakuno rocks. Compositions
of oceanic crust gabbros in the Indian ridge after
Hart et al. (1999) are plotted for comparison. All
major oxides are recalculated to a total of 100 wt.
%.

strength elements), 725 WNZ Cr 72 & DEBSEITEIL,
JFAEDHEABR L EXMEIN TS EHliansd. —4,
RN ERIER OFBIC L DEfED TN EI NS K0, Sr
72 ED LIL 7t# (arge ion lithophile elements) 1, &%
DL RIS Nl 280 b O Wi I N, #F
IZHWTRE S N2 — AR S FEAN QISR T )V 1Y
OZRAEH DFENF R 5.

N-type MORB (Pearce and Parkinson, 1993) H#&dD 2
INA =% Fig. 6 1R, H—-HRABEHEINTND
N-type MORB IZ b N2AMJIZ Rb, Ba, K72EDT LAY
TLRIZEH, FTODLETH Nb OREE/LEA DR 25> 2Ny
—TREIND. £z, INHNY =213, 2RELTKRE
LZ20707 71 )WVZmirohn, T2 TE—MEATE
#H7 Mafic 1 & Mafic 2 125075 2 & & L7z Mafic 113, Sr
IZIEDEHE (Sr/Sr*>1.0) MRS, Nb LISLD HFS jusk
BT EHRINZ FITMONY — > TRENDHDEL
7=. —J, Mafic 213, BBLEFINE EFEMEDO 707
7AIIVER ST, SrITIEQRE (Sr/Sr > 1.00 ARS5N
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Fig. 6. N-type MORB (Pearce and
Parkinson, 1993) normalized spider-
diagrams for the first-stage Yakuno
rocks. Compositions of E- and T-type

Rbg, K NpLace ST NgZT pe Ti y Cr i

Nb LIZA D HFS JTHEIZBNWTIE2ARN EISMmO/8 Y — > TR
SINDHOEL. BIMTBWT, Mafic 2 1344 P9I
WZDRET ZHDIH L, Mafic 1 ISAKEMENS 5=
A MEZHIT TOERERIZET 2.
3. B HIRAHEHE
HRERICHBIT 2B RS EEO(L A &, B
OWFENEINTH 5 0tE — /NEFR —< U 7 F51 IBM 5)
IR U 7o K poE B DAL (FHRIERECE FE: @G 1ED,
2004; HETRCEEE: Koyaguchi, 1986) Z kbl L7=)\—J1—
M# Fig. T1ZR9. INHN—H—KET, IBM 5B E
U7e K a2 E U GER L 72—DD ML > REBRLL
TW2DITHL, FPIERDOE_MEAEAETIN DNO
MU= I 25—l ML > REERKRL TWS, Tio.,
Al:Os, MgO, CaO, P:05, V, St O&HIIBITB ML R
1, Si0: OEFEICH LADHEIZRT. —F, Na.O, K:0
DHEHNTBIT S b L > RiZ Si0. oEFBITH LIEOMHEZE
R, F7z, IBMNCBEE U 72 kpEHE & g% &, mk
EROE _HIEAR G HIT2ARRIIC Ca0 1ITZ L < Na:0 12
BOEANR SN, Si0: EHEED 60 wt. %LU F Tld MgO 12
FHALO ICZLWHAIZ R S NS, —F, Si0: GHEN
72 wt. % EHEA AT, FPAROTERPIREE SR SR
BEEEIXW TN OB U = FEICHEHR TRINS. AS.L
fi (aluminum saturation index = molar Al:Os/(CaO +
Na.0 + K:0)) 1, TO&THekE LT Sio: DEFHFEIC

Rbg, K Nplace ST NaZr e Ti y Cr i

MORB:s after Klein (2003) and Wilson
(1989) are shown for comparison.

KUIEDOMHBIZERL, 1471 FiERaE & L TOENREE
HLTW5 (5, 2000).

N-type MORB (Pearce and Parkinson, 1993) kD %
INA F—M% Fig. 8I1TRT. ANGHNWE & ARIIRE
1%, Wiy Zr, HEICEDNNY — > TRENDHDE, La,
Ce, Zr, Hf IZRRIBLIZHE R0 D/ — 2 TREN
HHDOMNREIELTNSA, FOETHRb & BallE#, Nb
DUHEBARTE RS 2\Y — 2 TREND. Iah, 2IX
HA MDY 22—V LAELUTETHAARNNE & AT
PifEElS, TOETMHZr & HEICED/NY — > TREIN5.
r—=FIVEDINY =03, B R AN EEOT TIIRD S
B 7O7 v VERESE, ZITiE, b—FI)VEZ To-1 b
—FIVE, To-2 h—FILE, To-3 h—=FILEIZHTE &
ELZ To-1 b—FIVEE, KITHEERADORENE SN
(K/K *<0.7), SricBEERIEQRENR SN (Sr/sr *<
1.1) NF—=2TRINDZBDEL. To-2 h—FIVAEIL,
SriCEDOEENE SN (Sr/Sr *<0.9), KIZHHERADR
HNE SN KK > 0.7) NI—2TREINDHDEL
7=. To-3 b—FILEl, SriCiEDEY (Sr/Sr *>1.0) %A
51, KIZHFLRADOEENA SN KK *>0.8) /\¥
— 2 TRINZDHDELE. B, YA MDY 21—
AV ALELUTHET S h—FIVAE, £OETH To-3 h—F
JVEITHNT S, Fi, PEHIEHAIRIC BV TEIR, BR
ELTHET S b—FIVAIE, TDEIMNTo-1 h—FILER
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fe - AERPIREED DINY — 03, EE T ST EER
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BB DREE, Zr & HE ICBEE RO R 21> =N
H—2TREIND, INSRETEEANEHOI VYA
NOY 2=V AELTHET S, fEimbliEald, el
T Bab Ni lZ[alh - THELRAR R0 &KL, Nb, Sr,
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TN SR THERSBAE LB BT B AR, HIRE LTS
5. ZOXDIT, BHIRABEEICBNTL, H)EAZ
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Fig. 8. N-type MORB normalized
(Pearce and Parkinson, 1993) spider-
diagrams for the second-stage Yakuno
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785 IR DL MR 2 R > e BN BT 5. RIEDA
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L72vy, Kempton and Harmon (1992) 2L % mg# fliZ
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DHERF TIVIU, I LT AN, VT TIVAY)) 2Rk
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I5EIND. Tz, RN LRAEED Si0/ALOs LDl
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G, fHEAO, $5%FY DB EDSRIEEMIIDONTHBE
KZHBIT B ENTES,

ZDFAT I LT, Fig. 6 DAINA F—[%EFHNWTH
¥ 7= Mafic 1 & Mafic 2 D& FbFk2zE 7oy MU=
Mafic 2 13 Mafic 1 &0 HEEAYIT SiO/ALOs HODEWFEI
270y hENb. £z, Mafic 2070y hE—DDTA
CUTHRRE, ZDTA E mg# A 60 ~ 68 DHiFH TIE
mg# DK F & & H1T Si0/ALOs [kim <725, FL T,
mg# 7% 60 LA R Tl Si0/ALO: HildbBLZz—E &y
LY A bOGEEAENICEL L L > RERT. £,
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Fig. 9. (a) mg# versus SiO/ALOs diagram for the first-stage Yakuno
rocks. Field of primitive basaltic magmas, dashed arrows of mag-
matic trends (tholeiite, calc-alkaline and alkaline) , and continuous
arrows of generalized direction of compositional change with the
accumulation of indicated mineral phase are after Kempton and
Harmon (1992). Inset illustrating fractional crystallization process
assumed from the diagram. (b) N-type MORB (Pearce and Parkin-
son, 1993) normalized La/Ni ratio versus mg# diagram for the first-
stage Yakuno rocks.

Mafic 2 @ N-type MORB ## D La/Ni thld, mg# E & & D
FRET/REN, Mafic 213 mg# DK F&EEHIZ, La, Ce,
Sr, Zr, Hf 72 EDOAEEIGF#E (incompatible element) {2
‘BH, Or, Nil2EDiEEIL# (compatible element) 7%
B HEANESND [Fig. 9.b). Zhe6DZ &N, N
@ Mafic 1 & Mafic 2 ICBIT 57~ Ot Z0ME I NS
(inset, Fig. 9.a). Mafic 113, Mafic 2 D70y MEHEAL
T4 > LD ZE R o 728l 7/ < (parental magma)
no, FREAZEELUEIMNRNTS 2 EICL0EmREIN
7zFa—ALA b (cumulate) IZHH49 %, Mafic 213ZD
U~ 7AW UEIKR (residual liquid) 12HI4T 5. ZFL
C, Mafic 2 D THRHEWV mg# lEZ2FF>72H > 7))L No.
16 (FRANA) 12, IN50P4ESZ < (primitive
magma) IZEHITWEFHHRERE LIZHDTH D, )81
=K EIZBNT, BBEIZEFHHROTOT 71 IV TRS
% Mafic 1 & Mafic 2 DXNY—>2m 56, BBIZWHIL
FUEHSRT7INEDOF 1—LLA N EFRBROBRIZHD Z &
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Fig. 10. Ti versus Zr (a), and Zr/Y versus Zr (b) diagrams for the
first-stage Yakuno rocks showing vectors for mineral fractionation.
Fractionation trends indicate 80 % crystallization. Symbols are the
same as in Fig. 9. Mineral abbreviations are the same as in Appen-
dix 2. The mineral vectors were estimated using the equation given
in Appendix 3.

Milz% (Fig. 6). 35612, V7= a151 MIOEKNWE
IZHWNTIE, LIFLIECa0 DEFEDN 10 wt. % 2B X
CaO/ALOs tb®H 0.6 ZHEA =0 DNN DR SN, IhH
IITHAEADNEME L - EMA 5. Z0ZEns, H K
AN EHEICBIT D EERMERETIE, 208 & U TREA
LEBITHMEANRESED T2 ERBENDS. HNT,
HER L TEZE W TIVEFL 2170, 20 s Ofb&s)
{LiEFREMREET 5.

Zr FAERICHT D Ti BFEE Zr/Y LLOMRA LN % Fig.
101RT. INBFAMTTITL R, LA U=l D
WL DNDIEMNRY NV GRIKO ML A1) ZRLU
Mafic 1 & Mafic 2 Ofb2EfRL & Ml L7z, Mafic 2 132k &
LT, Mafic 2 O CTHRHEW mg# 2> 729> 7)L No.
16 OILEEN S, FEA, HAES, DASAGERED
SO BNHED, FROME A T 0y hENb, —H,
Mafic 113, FNEMFRARF 2 —L 101 NORA N 7
Oy b &N, Mafic 2 OFRREE & —F4—/N—F > 7T 5.
NS5O EMNS, Mafic 2138 > 7)) No. 16 1TV B2
REROIZHAERTING, DAL AA, HEEEER, BEA
M T 2B N TR S NIRRT ST 5. —4
Mafic 113Fa—AL1 b, A LFa—AL1 M+ERIRIC
M2 LRI NS,

FEOTHEMLZ A= Le Maitre (1979) 1CED < HEIF
ST R DR ANT AR ETTY, B MEABEEORS
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Table 2. Generalized petrological mixing model: Parental liquid (Parent) = Residual liquid (Resid) + Cumulate (Cum), using the comput-
er program of Kameya et al. (2001) with the method of Le Maitre (1979). (A) Results of calculation to estimate the proportions (%)
required to minimize sum of squares of differences (Diff) between bulk compositions (wt. %) of parental liquid and those of residual liquid
+ cumulate. (B) Bulk compositions of average Mafic 1 lie in the compositions range between calculated cumulate (Cum) and average Mafic
2 for all elements.

(A) (B)

Parent Resid Cumlate Resid

No.16 No.105 Ab An Fo Fay Cpx Parent +Cum  Diff Cum Mafic 1 Mafic 2
Si0, 47.55 4964 68.74 43.19 4271 2949 5140 5037 50.35 0.01 4915 5066 51.88
TiO, 1.04 2.36 - - - - 021 1.10 1.10 0.00 0.04 1.35 1.83
AlLO, 15.68 14.89 1944 36.65 - - 145 16.61 16.61 0.00 1743 1662 1565
FeO' 8.81 11.12 - - - 7051 13.01 9.33 934 -001 754 1046 1106
MnO 0.22 0.22 - - - - 041 0.23 0.14  0.09 007 020 024
MgO 8.80 5.07 - - 5729 - 1244 9.32 933 -001 1249 779 707
CaO 8.93 7.74 - 20.16 - - 2062 946 948 -002 1057 9.67 8.16
Na,O 3.38 4.66 11.82 - - - 031 3.58 365 007 269 325 411

Yo 100.00 4394 1249 1966 10.16 424 950

RESIDUAL SUM OF SQUARES (RSS): 0.01369
DISTANCE BETWEEN TWO ESTIMATED COMPOSITIONS(SQR(RSS)): 0.11699

L E————— 105 (mg# = 49) &R CILERIROBIRATERE N2 £
) Residual liquid (C’-q) Tt 2 ERELE. BB, HhasiaidfeEnsko s
z [= Mafic 2 N27+NAFI1h (Fo) £77¥ T4~ (Fa) OEE
= HREMF Lz, RHEGIY /—51 b (An) &7 b3
£, N (Ab) OEMAMRZEMM L. BREEAIL Suda (2004)
E o= DR LTz, BRI B B ORE 2
Al R B URRA F U 51 o 7l 2T 2 BANIE Ot &
B S TR ML AHORE OB I<E, ORI+
a—ALbA FOFEEITLRICEHT 2 AN T P ARIEHITRN

) —— Cumulate (C,) HBTREh, #TROHREE 2 RLLEOAFEOTS
100 ---= 80%C,,, +20% C,, R SQR RSS) 1, 0.117 Thol. Fiz, ZOFEIZX

Dﬂ‘?&b%ﬂ%:‘::L_Al//f ~DE— FIE, MASAA
, HEMEA 17 %, RHEA T % Thoz. LT, &
h AN i @:F:L LA D4 ﬁ%ﬂi HLRIE, 7 Mafic 1 Ok

N N M FHBICEEN, Si0:, TiO., FeO*, MnO, Na.0ZZL<,
F = 44% ALOs, MgO, CaO ICEDMHEMNASND. I72HH, Mafic
0.01 RbBa K NbLaCeSrNAdZr O T ¥ Cr i 113BBELE, Fa—LL 1 NEKKR Mafic 2; BT

No. 105) OHHRFEEILHEMLEZAL TWD EMAD

Fig. 11. N-type MORB (Pearce and Parkinson, 1993) normalized (Table 2.B).

spiderdiagrams showing modeled trace element patterns of the o p - YA N
residual liquid (a) and the cumulate (b), produced by Rayleigh S — )V NSRRI T, LA ) =Sl D <

fractional crystallization for the first-stage Yakuno rocks. Fraction of RN FAEOERMERRICDOWTOETIVEHEZT
residual liquid (#) and proportions of minerals in the f.ractignatil‘lg S/, EERERE Fig. 11 DANA Y —R EITRT. I8,
g o s o e e LD 0T PLITIS, Table AT ED ERH S
ing, and those of Mafic 1 and Mafic 2 are shown for comparison. T2RAINT 2 AGHEAERICE D E, 2 7)) No. 16 DIk
Method for the modeling is given in Appendix 3. MR A g~y < (Co) NERER BT %, MABAG
26 %, HAMEA 17T ICKOMRENDSFa—LL Ak
(Ceun) 56 % &, FRIR (Cue) 44 BDERLSND E NS T 0
mHMEERRIC DWW T E SITHGEEETT o 72 FHERRE R Z Table T RAEBEL. EFIVERICEK DR SNRE, #H<
2AITRY. FHRETOV I AZRRIES 2001 ZFEAL TRICHNEATLRICEANEATITHRICZLLS, ZTN5ON
7=. ZZ T3, Mafic 2 ODHFTHRbHE W mgh EEFFo 721> =203, BBXE Mafic 20NNy —>EFELCTB T 7 1)L
7V No. 16 ERICALFHHRDOB T T 6, DALAG+ TREINz (Fig. 11.a). —H, Fa—LLA ML, BT
HEEEO+REACKOMEREN S F2—-L01 ML, RIZHARFELL Nb, La, Ce, Nd, Zr, Hf, Ti/REDi#EE
Mafic 2 @HTH HEHIK mg# %R > 725 > )L No. TLEIMBL, Cr, NiZZEDORBEELRITED/NY—>T

10 E =

Rock / N-MORB
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RENZ LT, ZOFa—LLA MEEKES - 2 TR
BIEENT—2 (80 % Ceun +20 % Cuy) 1, PBLE
Mafic 1 D)NF—> LRI T 07 71 TrRINE (Fig.
11.b).
FETEMRZ AW AT A OE, 35N
ETTIMLR E W A R E DB TV EHERE R S HIkTd
5 &, WPRERICHBIT 2B MR AL G, Mafic 2 O
THOEW mg# HE2FF> 721 > 7))L No. 16 1T WL E #F
O IEESRE R T ONERMET DB B W TR S 1125
fEAIVE GRR) EFa—LLA MTXOBREINZHDT
5. LT, Mafic 2 1JHANTHLE L, Mafic 113F21—24
LA MR Ty TN DITHYT D Efil 2
5. HARZEEE EIZB T, Mafic 1 & Mafic 2 132Kk EL
T—DOEER N > RTRENS (Fig. 5). Fi, Bt
TORER, HERRILEY), LWL 330 TRl O BHEE 7 A& AL
FRSNRN., INsDOZENSD, Mafic 1 & Mafic 213,
[/ CEEE < 7 < Db I BN TR S Nz —=#H D
HDTH2EMAD.
1.2 H—HBRATEEOLRME FERDOE R
B, AN Y= BN T ZE D2 THEMD K
AR DT 5 Nb OBEE BB R ERD/NY -2 TRIN
% (Fig. 6). F/, HFHRATFEHEDOS BbEZNS DYET
T RITHRBIEV LR Z RS 5 Sl S v > T
No. 16 (FriRMAPIAE) 13, HRa BEREEOHERK LTI
MORB 25358215 (Ti/100-Zr-Y3 diagram: Pearce and
Cann, 1973; Ti-Cr diagram: Pearce, 1975; Zr/Y-Zr diagram:
Pearce and Norry, 1979; Ti-Zr diagram: Pearce, 1982; Cr-Y
diagram: Pearce, 1982; V-Ti/1000 diagram: Shervais, 1982;
2Nb-Zr/4-Y diagram: Meschede, 1986). & 512, A/ 4
—X EIiZBNWT, ZOH > 7))V No. 1613, Lans NilZh
7T T-type MORB IZHERIL 72Xy — > T/RENS (Fig.
6). ZOXIIT, HE-MERAREHET, BMREUEE ST
EXRAFADM G DR ZE R b SR THD, 2ol
ENHPICERIC BT 28— IR A SO SG 2N ET
AHETH > RERBHD —-DTHADEEZEZS. ZIT
1F, AR LT ORI S T D SIS 7z
Mafic 2, 725N ZNE TITWE SN TN SRR I HiIfic
BIBBEANEA T 4471 MHOELHRAEHE 2RLIA b
DeE R EERE RV, BE-RAREROEMRE, 2L T
TRNE 7 B D HAFH B DRI D W TGS 5.

mg# fEIZHT 5 TiO: DFRZMEXZE Fig. 12 /R9. —i%
R EIlLRARE (AB), #EXRUA E (MORB), WEE
ZUEH (OIB) @ TiO: BH &I, kT VBt D il
BEOEWVWIZXD, mg# EITH LETNTNEL > =M
(FL>R) TREN, mg# OENE0 AR TINS ZKilE
BO TiO: BHBEIZNETNHSNICRBR B ETN R 515
(Basaltic Volcanism Study Project, 1981; Kelemen et al.,
2003). £/, ZOFAMTITILET, HERICBILRE
HREMEXREEL, TUEE IYXABADHOIZ
MORB & IAB OH /2 b L > KT, —4, < U7 i,
2 AT THFRDEHDIEMORB & IAB O HAIDO RL > KT

2009—6

O Asago body

~~./ 0 Oshima-Ayabe area

A Yakuno area

. \ A <> Kamigori area

i Q:}& e [bara area (Maizuru Group)
o) o

(5]

TiO, (wt.%)

30 40 50 60 70 80

Fig. 12. mg# versus TiO: diagram for the Yakuno rocks in various
area: Asago area (Mafic 2: this study), Oshima-Ayaba area
(metabasalt and metadolerite: Ishiwatari, 1985b; Koide, et al., 1987;
Ishiwatari et al., 1991), Ohara area (metabasalt and metadolerite:
Ishiwatari, 1999), Yakuno area (metabasalt and metadolerite:
Ichiyama and Ishiwatari, 2004) , and Ibara area (metabasalt in the
Maizuru Group: Koide, 1986) . See inset in Fig. 1 for localities. Fields
showing compositions of mid-ocean-ridge basalt (MORB), island
arc tholeiitic basalt (IAT) and oceanic island basalt (OIB) after
Basaltic Volcanism Study Project (1981), and back arc basin basalt
(BABB) in various areas after Taylor and Martinez (2003): Hatch-
es marked I, IT, IIT and IV corresponds to Lau, Manus, Mariana and
East Scotia basins, respectively.

REND (Taylor and Martinez, 2003). ERAKIZBITS
Mafic 2 Db, B2 IaHBIC BT 2mANA 7+ 45
A MOELRAEHELE RL 1 b OfbEEML (shiwatari,
1985b; Koide, et al., 1987; Ishiwatari et al., 1991; 7%,
1999; Ichiyama and Ishiwatari, 2004), & U CRLLEH:E
Bz BT B EEER T A XA DILERL (Koide, 1986)
BZDHIMTTIALEICTOy L. TNETOMIEICEK

O BRI TH 2 & SN TN D R AR & H 5 s
OEYHRAEELRL T4 M3, HiERIIBT 2 WilaER
AR EFERE, MORB & TAT IZAHYS T 2 LMD RL > RT
REN. —F, INETEHINRWUIREKERE SN TE
T RE S~ DAL EFHEAERL I1 K, 2L T
HIRAARD Mafic 213, £DZ% <A MORB ITHN TS ML
CRTRINDM, WSDONIABIZHY TS ML > RTR
INDHORLN, KEIZZNS &R LI & Rk
DL TRIND EFA 5.

— I IR EE O 2 AL, Bl —
RHFROI D S PCRICE D WIRICBWT, ZORFZERZA L
EEBHITBL, TNSIIBBLE IAT 205 MORB 148
LizbDLansd BIAIT, 58, 1986). ZOZEnS, Hill
VAT MORB 2 IAT DX 51T, EE bFHRIcHD
Wz — IR RECE R D AR WIS S Z SIdEEL
<, DLAEFELFHROZILD b L > RixETHBIT 244
ENdHAHD EEZS. Fig. 1312 N-type MORB %D La/y
iz d %, [FU N-type MORB ##40 Nb/La FE DR AL
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(@ Subducting sediments
Back arc basin basalt
& Lau basin (I)

‘¥ Manus basin (IT)

‘¢ Mariana basin (IIT)

A {%. East Scotia basin (IV)

- Mid-ocean-ridge basalt (MORB)
N-type MORB

1:? T-type MORB

[E] E-type MORB

5, Yakuno rocks

== —_‘_____@__ il @ Asago area (Mafic 2)

4 5 6

(La/Y),

A Yakuno area

dehydrated slab fluid

Fig. 13. N-type MORB (Pearce and Parkinson, 1993) normalized Nb/La versus La/Y diagram showing compositions of Yakuno rocks in the
Asago area (Mafic 2: this study) and Yakuno area (metabasalts and metadolerites: Ichiyama and Ishiwatari, 2004) , where compositions of back
arc basin basalt (BABB), mid-ocean ridge basalt (N-, T- and E-type MORBSs),, subducting sediments of convergent margins (Plank and Lang-
muir, 1998) , initial arc crust and dehydrated slab fluid (Tatsumi, 2000) are shown for comparison. Data sources of MORBs and BABB are the

same as in Figs. 6 and 12.

MzRY. ZOYA1 7755 ET, —#7 MORBIZ
Nb/La kAt 1 BLEOEBIC 7Oy hEns, —F, — 7
TAB I3 Nb/La HAY 0.2, La/y Hes 3.9 FEE O—KEAl D
(LA S, TEAAB A T T DT DR W], 7
W DY R AR ORI O A [ic@h > T/ Oy hEhn
% (Tatsumi, 2000; Plank and Langmuir, 1998). Z®4 1
7755, HERICBIT SRENSEIIZELREEDL
SRR E T Oy b e S E, ZRHIE MORB A 5 IAB 2T
ToOfEIZ /oy hEh, 2RELTRNTMO—T 28D
FL 2 RIBWLY S5 —TRENS. LT, HPRARIC
BT % Mafic 2, 725 NTEAEHIROE LG EL R L
T4 ME, INSFHERITB T 2SR EE & FEE,
MORB 5 IAB IZ0 T COfEBIC Oy ha3nd, Ins
DFERING, BAWF T 1 F 54 MTBT L ESEEHE,
HERICB T 2R ZIVEE SRR, LAAAZ T T DR
KR DB % 2 F 7= B~ > NIV OE SR & 0 TBhk
INFHPRE X T RICHRT B LfMAS. Tlabb, "AR
HEHIC BV 2SS BN IR I R L 2 H D &R
BN,

1.3 BAHFHEMOET 0F, B2 < OMBEREICX
0 FERIT BT DRk & TR D PR N BN O HFE R S 5
WCHASNZEDDDH%. HIAE, FE—<UTY S, ®Y
Ja—v 2, @Y > RY 0y Filoh i@ 3E s 3
~5km IZ&A5 6.0 ~ 6.3 knvs D P IOHEEENHD, T
WIS R~ R EEDMRIET 2 £ SN TS (Fliedner
and Klemperer 1999; Takahashi et al., 2007; Larter et al.,
2003). F£7&, FE -~ U T FMOILRITALE T S PRI
D b—HIVERT, FE—<U 7 FIIOH ki E kL T
WEAATHD EHMEINTWS (Kawate and Arima,
1998). 51T, AF DT 77 A MMUMNIZY 2 I
NS HEAOWBENESIHTRIC T 2 & SN2k EZ
U, Z OB HEGEAR S 8 13 LR~ B R A YA
BT HEHEINTNS (Lapierre et al., 1992). T3

SHFENEAITE L, fR7 U 12— v RO HEHTRIC I,
JEE 3~ 5 km FEEIC AR 6.5 ~ 6.8 ki/s D P GE @A
1EL, Z ORISR R O W R R L 2
DEENTWS (Holbrook et al., 1999). HEAMN S Rz
RSt OIS, & 35 % & TR~ R B
i, D DK 65 % & HEEDEEN O TN S, ZHUd,
FIRT ) 12— v VIITHEE SN TNWD K S ik
b, FE U7 FIITHEIN TS LD R E
Riz%, WIHZLTH, MEEEESEERS— > 7Ick
DEEMENT &, B (ground-truth) & U TOHER
% i BITIIBRA D 503, [F CHRENEIIHR CTH - T
b, ZTONEREEIZZAETH 2 RENN D 5.

AWFFETIT - Tz A LR R W et T, "AEA
T4 F A MR DEREEER, T 0L < il
RICHRL7ZHDTH S ERBEINL. £k, HERERICH
5 E— %A A E (Mafic 2) 13, Ichiyama and Ishi-
watari 2004) ASEAEFHUIRIC B DA A7 1451 b
IZBWORLER R, s LR AEIC g
REZ NI OFHRBIZZ UL, BEXREEETREo 2t
FEMEA L TS, ZNBRERIE, wABF 71451
FOEFEE LT, UIEUITHE I N TEZENHER RS
B SR DTH S BAIE, Ishiwatari, 1985a; F
¥ 1987). F£7=, Crawford etal. (1981) X371 U
> == 7 FINC B Btk O ERE 2, AR
ECBNTHAET 52561F, SR O, 90
AR DI, P ARSI OFRENS
JOvZ2EMELRITIuIisian. 2720, #aficsy
DUFHENEIMOHFIZIE, NDTO MR (FE—<U 7S+
i, NVANTEL, B FEAND, #wENEL (Za—T
T, WEEEMEE (P a— v 2, il (B
B RT 4 wF) 2HBELERINZEHEINLIHODH
H0, ik — BIRHROFRGERII NS 0 2 TH D &
filZ % (Leat and Larter, 2003). W3 UL TH, KAH
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SO AT & S ICE LT 21T, WA T« F
T4 b EMRT DESEEEOBRENR (KEENR) Z2RE
IHEL TW ZEDNREEEZ D,
2. BAHHBMICHIF25MtEEE GEHEAHRS
#E) DORER
2.1 BEZHBRAHEHEOTEKBIE Suda (2004) 13, ®R
FRICBIT BT A SO ERERN S, EHR
NBFAESE AT B0 TR & Rk L T 72 55—
N EREDOE IR A MITHETHHDEZE AT L,
E_RARERED Sio. THRIE, 2/ A by a
—OVALNELTETDEHDH 48 ~ 71 wt.% THDDITH L,
AR - BIRELUTHET Z2HDIL 52 ~ 76 wt. % Td LKW
W INSZEBHEUDITS 2 EI3TERN, Thbb, #H
WA ET BBV, SRR AL S ORD S EEIC
BOHERIIBIT S, IRASNDY T DIMERE % g L
FHuIniFzsn, Z 2 TIEIEY — AL MEO S ERECE v
SNy FRMEDOETIVEIE, 725N LA U —4rRIcEE
DNAERMEDETIVEIEZEITY, SoalEA L N DFEE
MOEBICESETOHE _MRATEEOY /< 7Ot AT
DNWTHRT L7z, BFIIVEHEOFIET Appendix 3 12RT

WA ORBEERR N7 5 =2 51 MBI %
EIENGEE, ARG-REGRER RS NTARAEHE
M5 850 ~ 860 °C, 3.5~5.5 kb THdERMEELNT
% (Suda, 2004). F7z, KE¥ES~EHHIBORAEA 7
1A T4 S OERREEDOWREFEIIEME 750 ~ 920 °C, 5
~10kb THDHERMEH SN TS (shiwatari, 1985a).
INS DRERZEA, WPICERITEBIT 2Ny TR O
E5)VEHHIE Beard and Lofgren (1991) 1 XAk 0E &4
sz HEwE E L=, 800~ 1000°C, 3~6.9 kb &5
REEN ST TITON Iz AR ERRE RICE DNV T T 72,
RRSEER TR W S N T DL FHARR, 725 TNT7KEE
g8k (dehydration melting) & 7KIZE9FN L 7= AR IEr
(water-saturated melting) 1ZX D& SNZZNZFNOED
AR AL S DL, S 51, PERAERICBIT 2551 &
BB A EOLER E Fig. 14 1ITRTN—H—X |
ThET 5, ZNeN—H—K LT, BB THWSN
HFEL, B IEATFSEOMES, nhlZzo M
CRERZTOy hEns, £, EoEMEAI SO
i, WIND RILUEENSIREEETH D, BiKaRERIC
KOESN AV M, BEHIR AR A ORI RMEL, mn
L, TORL > RECTOy hEhbd, —7F, KicffL 7=
ARFERIC L DS 5N AL BT, B AR B IR
SR ALO: BERICEDEBIC /Oy hahd, Ihs
DI EMS, RIS TONHEN v FRElfED T T IVEIRIT,
Beard and Lofgren (1991) 12k 5 Bi/kalfiseis iz KD
WTOHRTHZEEL (Appendix 4).

SEHN  FRMEDOETIVEIETIY, HRPELELT, %
MG/ EHOS S, LIFLIEI VYA RHOAVY L E
LTHHET DY T 2251 MADKRIRERNWE (F2 7))L
No. 4 & No. 31) &, SEANEHOERNWE (> 7))
No. 28, 29, 53, 101, 159) Ot ZEH W= (Fig. 14).
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Yakuno rocks in the Asago body

4 first-stage Yakuno rocks

® second-stage Yakuno rocks
Experiments by Beard and Lofgren (1991)
(0 source (starting material)
<35 partial melt by dehydration melting
XD partial melt by water-saturated melting
Source (C) for the modeling in this study
¢ amphibolite-facies metagabbro
CAD granulite-facies metagabbro

Fig. 14. Harker diagrams that compare the compositions of Yakuno
rocks in the Asago body with those of source (starting materials)
and partial melts produced by the dehydration and water-saturated
melting experiments by Beard and Lofgren (1991) . Compositions of
the source (C) used for the batch melting model are plotted for
comparison. All major oxides are recalculated to a total of 100 wt.
%.

iz, EFIIERICKORD SN AI N (BT
AV ) OIRZERRRE, AR D  (esidue) DILMIFAAE
bidé, ZOE—RERICEDRESENLTS. IoTZZ
TiE, RHEA+BRE A+ RO & FRERRT TR DI
#H (amp-free residue) &9 2HEE, REA+BRHED +
REAKA 2 FE BT D QI (amp-bearing residue)
ETHHEITONT, TNTNEHEEITO 2.

La A RIS S Ti SHROMMAENLK I, L1U—
DINCEED PRI BIVERL, BTV AL S OILAERE,
BOHIRAEEO AR S iR L7 (Fig. 15). 204
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100 F (a) '
@ F C,.,: amp-bg Source (C,) ;
- ' 100 L granulite-facies metagabbro
i m
5 =4
Cai *—Tm % 10k
g ilm =
S 0p = !
< f 2
~ [ P~ 01k
i —— To-2 tonalite
i " "RbBaK NbLaCeSr NdZr Hf Ti Y Cr Ni
A 41l 1 (K}
I!DD (b) F Source (C-) .

Modeled partial melts (C,, )
e o amphibolite-facies metagabbro as source (C,)
A A& granulite-facies metagabbro as source (C,)

100 F

(b)

La (ppm)

hornblende gabbro; hgh
quartz diorite; gd

To-1 tonalite: to-I
To-2 tonalite; to-2

To-3 tonalite; fo-3

qtz monzodiorite; gm
granodiorite; grd

X+ oexXP><O

Fig. 15. La versus Ti diagrams showing Rayleigh fractionation vec-
tors and compositions of modeled partial melts (Ci) calculated on
the basis of a geochemical modeling of equilibrium batch melting
(a), in comparison with those of the second-stage Yakuno rocks
(b). Rayleigh fractionation vectors indicate 25 % crystallization.
Modeled partial melts under the conditions of amphibole-bearing
residue (amp-bg) and amphibole-free residue (amp-free) are
shown by solid symbols and open symbols, respectively. The results
of the dehydration melting experiments by Beard and Lofgren
(1991) were used for the modeling (Appendix 4) . Compositions of
the granulite-facies metagabbro (samples No. 4 and 31) and the
amphibolite-facies metagabbro (samples No. 28, 29, 53, 101 and
159) were used as source (C:). Methods for the calculations are
given in Appendix 3. Mineral abbreviations are the same as in
Appendix 2.

A7 755 ET, FMEASEEL K&EL To-1 h—F
VA« To-2 b—F VA - fERPREICZ D kans 7 5
A5 —&, ARARNWE - AR - AT PR
e To-3 h—=FIVEICKOHREIND Y S A =I5
N, FNSOMREEETIVAIN DY SAY =N 5D .
ZLT, To-1 =TIV« To-2 h—FIVE - fERPIRAEIC

100 L = amphibolite-facies metagabbro

Rock / N-MORB
=]

— granodiorite

=
*"RbBa K NbLaCe St NdZr HE 11 Y Cr Ni

Fig. 16. N-type MORB (Pearce and Parkinson, 1993) normalized
spiderdiagrams showing the trace element patterns of modeled par-
tial melts (hatched and gray fields) produced by the dehydration
melting of granulite-facies metagabbro (a), and by the amphibo-
lite-facies metagabbro (b), under the conditions of amphibole-bear-
ing residue (gray fields) and those of amphibole-free residue
(hatched fields) . Patterns of To-2 tonalite and granodiorite are
shown for comparisonin (a) and (b), respectively. Methods for the
modeling are given in Appendix 3.

K OWREIND T T2AF =T, EFIV AL ARG EE
& L7280 3N S SR OB, —7, fAPaHE
WA - [AoEfkks - AT VRS - To-3 h—FI)LE
WX O IND Y 25—, TDOFa—LLA NDOHIE
FHEIZHIEL TS (Fig. 15.2). INHDT ENG, H
M A AR, SRR A L N EDH DD LR EE L
TH5T, TNOIFERMET DIEFE TR S N2, 72
WLFa—ALLA MTHHT D EMAS. £z, ZORE)
GBFRICBNTE, ARAZTEE LSO SRIATAE < B
Dol EfMAD. AT, AN Y —RZ2RAW, HRA
WEEOT I 7O 22 DNW T SITHRE L7

I\ FREMRDETIVEHEAERZE Fig. 16 IRT. ZHHR
A Y= ET, EFIVAI DY =08, Wi b
75 Nb & Sr DEORFE TRHHOT SN, LAY MIZH
G ZE08E (amp-bearing residue) DA, & E/AN
& (amp-free residue) (2R, 2RI 00AHIEE T
FITE LB MHRE RIS I AR SN 5, £z
7523274 MAIOERN WA ZHFRYE (source) &L7=
TFILAIN RDINY =203, Ti 2R EBBELZE To-2 h—
FIVEDINEY —ZHRT 5 (Fig. 16.a). —7F, ANEH
OEHNNEEHFEMEE LTIV AN FDINY — 13,
772274 MIOZERNWEZNFEME L LIZETIL AL
MZHART IV A JLHRITEH, Nd, Zr, Hf TiZk<EZ
NHIEEBBL TS ICEYUL =Ny — 2 TREIND
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W Residual liquid (C,,)
100 | F =75%

W Cumulate (C,,,)
F=75%

Rock / N-MORB

(LA 3

WZ | F _ hbl gabbro and
— To-2 tonalite \7 quartz diorite

RbBa K NbLaCe Sr NdZr Hf Ti Y Cr Ni RbBa K NbLaCeSr NdZr Hf Ti Y Cr Ni

W Residual liquid (C,) W Cumulate (C,,)
L o F =75%

Rock / N-MORB
S

0l

—— To-2 tonalite
RbBa K NbLaCe Sr NdZr Hf Ti Y Cr Ni RbBa K NbLaCe Sr NdZr Hf Ti Y Cr Ni

—— To-3 tonalite

B Residual liguid (C‘,.v)
F =85%

B Cumulate {Cw m)
F=85%

T

Rock / N-MORB
=3

—— granodiorite  —— quartz monzodiorite

RbBa K NbLaCeSr NdZr Hf Ti Y CrNi RbBaK NbLaCe Sr NdZr Hf Ti Y Cr Ni

001

Fig. 17. N-type MORB (Pearce and Parkinson, 1993) normalized spiderdiagrams showing the trace element patterns for modeled residual lig-
uid (Ci,) and modeled cumulate (Ce..) by Rayleigh fractional crystallization (hatched and gray fields) , in comparison with those of second-
stage Yakuno rocks (solid lines). Compositions of modeled partial melts (Ciw) produced at the condition of amphibolite-bearing residue
(hatched field) , and amphibole-free residue (gray field) given in Fig. 16 were used as parental liquid (Co) in all modeling. Methods for the mod-
eling are given in Appendix 3. Fraction of residual liquid () is extrapolated, and proportions of minerals in the fractionating assemblage (.e.
cumulate) were based on general modal proportion of minerals in hornblende gabbro, quartz diorite, To-3 tonalite and quartz monzodiorite.
(a) Modeling for the removal of 25 % of cumulate containing 61.88 % plagioclase, 34.1 % hornblende, 2 % ilmenite, 0.01 % apatite, 0.01 %
zircon and 2 % biotite from the modeled partial melts produced by the dehydration melting of granulite-facies metagabbro (Fig. 16a). (b)
Model for the removal of 25 % of cumulate containing 92.97 % plagioclase, 5 % hornblende, 0.01 % apatite, 0.02 % zircon and 2 % biotite from
the modeled partial melts produced by the dehydration melting of granulite-facies metagabbro (Fig. 16a). (c) Model for the removal of 15 %
of cumulate containing 83.92 % plagioclase, 5 % hornblende, 2 % magnetite, 2 % ilmenite, 2 % apatite, 0.08 % zircon and 5 % biotite from
the modeled partial melts produced by the dehydration melting of amphibolite-facies metagabbro (Fig. 16b).

(Fig. 16.b). R, BE To-2 h—FIEE LN —2T, —F
LA U= Rlc & D <fEfMb D ETIVEHERER % Fig. Fa—AlbA MEZr & Hf Z2BR< EBBEKZE To-3 h—FIb
1712R9. ZZTWE, X9, Fig. 16.a TRLIZTI=a T AEEPIU 2N — 2 TREN-, 738, INSTETIVEE

A MHOZBEN WA ZHITME & L' TV AL S OEFH WRITDF1—LLA1 b Zr L HFOEFEREE, PIa>o
REBT I EL, ARABNNE S AEPIREE B W TE IR ENIEZ DT TRESENRTD. 20T En5,
BRI AGDE CTHAIMEA+ANAEZEE LS Fa—LLAMNIRBIFBZr EHEONY—2 DN T—2 3
— LA MEBRLEGEIIODWTEHEZTT> 72 (Fig. X, ENRDIN AL DBEIEDEN KL 7ZHD Ef6]Z 5.
17.a). #55H, BT To-2 h—FIVEIC—F Lz Yy —> WZIZ, Fig. 16.b TRUZAEHOEBN WG & HFEY)
T, —H, Fa—LLA MNMIZr &L Hf 2R EBBIEAN BELEETIIN A MORERER Y/~ &L, AT
AN & ARPIREE BRI L 7285 — > TRE Nz K VBIRRE I B W TR A G D E Th SRHEAG + A
12, TNERBEOBIY T <MD, To-3 h—FILAEICBNT PIA+EREN+TY NI A FEeFEELFa—L 101 hEEK
Bl be ThaREAEZEELEF21—L10 LGB DWTEEZTo = (Fig. 17.0). 53R, 7RI
A1 FEBRLEGEICOWTEIREIT> 2 (Fig. 17.b). % Emblis &~ U =Ny —2T, —F, Fa—LL1 NI
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HREVHRESE & LUENY =2 TREINZ. ZDED
12, To-1 h—FHIVEERL, BWRATEEDOY T
Ot ZIZDNWTE, EFIIVEHEICK D BB LEFHHTLHZ &
MTE. To-1 h—FIVEE, To-2 h—FILAITHRT )L
HUITLRIZZLWNY = TRINDD, ZOMDITRICH
WTIE, To-2 h—FIVEIEUL NS -2 TREIND
Fig. 8). ZDOZ&EME, To-1 h—=FIVEE, TILHU DR
RIEH OB EZ T TNRNWT T2 251 MIOERNWE
DEFEMREAI MTHEL =D ERBINS, /2L, &4
DETH, ZOEIBERNNVAITTRHEL THWAaENI 51Tk
W RERICIET B, B L <IZEMHAEEE DR
IV OFAMERA L O LARNZPE U7z EAEET S Lvan,

2.3 BAFHEINMOELBE FHOEREETIVEEN

5, HERERICBITSI /YY1 MY, BT EITORE
Hsk 2 AR L T2 S IR AR S ORI L D TE AR
INFEMAS. 2720, ITYA MDY 2—3Y A3,
To-3 h—F VA, MAEGHAWE, GRARE, GRE>
VBRI K ORI N, N SITERRYE AL RZEDH D
T2 <, AV SPEELRNS BRI 58 TR MEdT
BZEREOERINIZFa—L10A NMTHYT S, 0k
B, ZEAHMAERD I YY1 b (anatexic
migmatite) TH> THEL DS, I /XYL MDY 2
— VAR, oA NEOSD LIRS ELTE
Sawyer et al. (1999) < White and Powell (2002) H®DH,
fREFERETH D EFAS.

Beard and Lofgren (1991) 12 %#kfars & fAPIE ORlifiE
FEEFERNSHWT 5 L&, HRERICBWTIE, EEANE
FIHIE T BV 2 BB Al E R TG + RHEAIC K DRSS
NDLAZA MRS, —FH, K0ERMOT7 I =25
A MEHESIC B S AR TG R R L LT T
Za99 NERLAYA "R SN EBESND. 5
Za51 MEDI /YA RIS, 1.0 ~ 3.0 mm BE
DERPIR TR B2 2 AR O AP X DR S 5 45
TEBAT 7V LELTURLIEET S (Suda, 2004). %
7=, ®U, 75=251 MEMEIZIE, U U ISR +
RIEA - RESEILIT & DR S N2 SR A DR BN N
HOREEL A v—E LU THEL Fig 2.2), HHFIBWTIX
BRI A DB T2 TE AL T 2 U 7o MBI 7 AR pla i
BWaERIND., Lrl, Ihsidnwding, HHEYE=55%
WHFa1—LL AN+ LAIA NEVWDITANT DV AGFHE
®, Ny FRMEDETIVEENS AEH 515 L 25 A D
LR I3RS DTH B, 51T, MEERICBN
TEREIND LAY A FNEANNDEEEZSDE, A
IS T 25 R A EEOEHERICH LT, Zhsol
A5 A MY LRI X N DB E ~ T A ORI
HEDITHDIRN, LAZA MOFTHICEL T, EBRICE
EINDIAEEIEE T 5T BEICENER CHIE
L, BoikEtis Ui s, 4%, sFlichatz2E T
WSRBRENRH A D EEZ D,

EOMERABEEOY /<Y IOt AT B ETFIVEIET
1Z, AUEAZEEERY (WU TLZZLY) U —ZXDH

AU N SR D T RR & LB RE 283

RO ESE (AP EBENNE - ATERIRSS - b= L)
1%, WAEHEIIOR MR ERK T 57 52251 M
DOEFNNE D AR A MCHKETHHDTH D Z L0
RSNz, —H, WIEAEESD WUDUAICED) 2 U—
ZAOE IR AE FEE (T 2 PIRE, [ERPIREE) 13
BN SN D e 2 Ak 9™ % i A BUEAE OB
H DO RMEA) MICHET2HDTHSD Z EAVRI N
F7z, N—=h—KEIZBNT, hUTAIZZLnWI ) —X3
H I L FHR AL Z R T L > RTRENDDITH L,
AT LTESDY =X, fembia S At ks
ETENTIVINI L2 I A5 —TmREIN5 Fig. 7). Bt
T, B IR A ESESROBHEREICHT DY A
LW =N EDLEIFITHR 97T % THDDITKL, B
U AZEDI YU — 13 3 $EEETESNICDRETHS. £
72, VT LIZZ LW ) — D EEREICET 2 DTk L
AV LTED D) — X IAPPEHITREL, 752251
MMEHESICIZE LR, 512, AU TAICZLWS U —X
DB, Fa—AlA MY T DA GRINE & ARE
Fealy, Ua—avh, AR, AikE U TEHEINSDITH
L, BUDAICEDIY—=ADSEF 1 —LLA MIHYET
HAET VAL, Ua—3YVAELTOARTUMNEE
SRR, TS HEME AR E BN — S D SIS
&, BOERAREEICBWTL, AUTARREDIY—X
EHVTALIZZ LW Y =X ETIRE RS TTOt X
PREEIND, AUTACEDS Y -3, SEAPIEMHIC
2 U 72 S5l SR H2: 0D Lrty NS 7 B A iRl 2 R D Rk S
NFZHEE A MCHNRT 2. A%EEVJHREE, O
FER IR AR A )L SRR - ERT5EET, fREabd
L2 EICKOEREINZFa—L10 1 MTHNT D, —4,
TERPIREEI T OFRIITANS 5, AU TAIZZLWS U —
W, 752510 MHIIGEL 2B FERHIFR O KB
O RRIC K OB S Nz EERE AL MTHsRT 5. A4
BENWE S ATRIREE, Z OBEBI SRR AL N
fif - ERIT LT, #Ebd s LIk DBRINZF
a—ALLA MIHET S, —F, b—FIVEIEE ORI
%9%, LT, BHMOKSIEHOKEEEHIZ, Fa—L0
L1 MTHSTZ2HDOMEICIIIYA RHFOY 2—TV A
E U TR S IRI, —, FRIKICHS T2 00%
Ik« B8R & U CTRITH A S IR S Nz, 2oL D1,
BABHEIICBNTIE, DR &b DORT—II0)
505 Bl TS O RfEERE &, EREE < 7 <D
iR - FEERED B o 72 LRI NS, Herzig et al. (1997)
12, HUTACED I — XIS T S MRET O D)L
d2n5 285 £2 Ma @ U-Pb %, —7F, WU TAIZ
LW =Y TS To-2 h—F)LEHDO D)L a >k
5 282 £ 2 Ma @ U-Pb FEfEZ|ME L T\ 5. 7O HiF
Tl =X, FEFERHOHD ERBINED, s
DA AT — VKT, S 5B 0GR 2 Lk
BISAEARED LT H 5 .
FAEROIRENSINTHHHFE Y 7 FIlTE, SEE~
TREHERRTINNA =Y IVTENT S Z EnHsin
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TW3 (Tamura and Tatsumi, 2002). DX D IUHENE
MCBTHHEEEYI/YOREKEEL T, BB~ MLdd
WER > ML 2y POFGRRC KD BRI N D E T T
U LNRIEPERAEE Y IR DML, 7Y A MIRES
NDILAHABUERX T T OFGEEAI SHAREINTE
. UinL, i rbNz@lfiszly, ML #msts)Vat
NG, INSITEIIR~ T a5 2 ik 9 2 H i~ 8
FEREDHE P EREAI MZHAT 2 2 ENHSMNIT/RDDDH
% (B 21X, Nakajima and Arima, 1998; Kawate and Arima,
1998). HIRERICBITHI T A ME, £IICZDLD
TS HEFEN BN 331 2 5 8RB T AR D /) Rilfid & 7R 9 Bi5
THD, TS NZEEEBERB R AL S AR -
ERITBIEITRD, MRy, KeUEEE— 58N 5
LNEE R RN EEL L Tz s eI nbd, 7272
U, THEHROEIARICE, BREE L THRD LR THEIR
DEFRER T D FIHGHRNDT > —T LA T4 > 7 %4
ELRAUTIR S0, Fie, TEHGS O AR L D X
AEEHGEDZICEE RN S L TH<ITIE, SEE RS
(LAZAB) OHGEDN S OHBENRBETH D, TNHITD
WTIE, & SICEIZ Lo, FARE, ENFERZTT-
7= BT, BAOMERE LN SREIITHRE L T <
EHAHDEEZRD.

#

1. HPRERICBT 2B R AR AT, HAERITHBIT2
Wil LA SR L 7 R b Ea L, LA
AR T T DRKTFEE DB EZ 7= L~ >~V D
AR K DR S N7z B E < U <ITHR T 5 &1
A5, WAFHEMIIEIathRz s U TRk In
7=, ARSIV ARICBIT 2MFENEINTH D Z EHVR
BXN5.

2. WPRARICBIDETHRAREEDS B, U TAI
BOIU—X (HEEVIRE - LS 1 &
JFE A PIE A U 72 S0l Sl 0 /NEASS R AR I K D 1
RS NFEERE AL MCHRT 2. A5t > BIREE,
ZDA) IS ER U SERET BETHEMET S
ZEICKOEElREINZF L0 MZ, —H, fERA
ARSI S, AU TLAIZZLWI =X (A
BIaABENWE - ARG - h—FIVE) &, Vo Za
T MEITE U 72 Bl s O RHSEREIRIC K D
RENFZEHRE A MCHRT 5. ARGHAWE - &
WP © To-3 b—T VAL, ZOHSRR AL NS 1
FUBNSHEMT 2R THEMET S Z EITL DB
IN=Fa—LLA MZ, —F, To-1 h—FJL& - To-
2 M=V EIIFRITHE T 5. BIKERIE B OIS &
EBIT, Fa—LLA NI TEHIHONEIII TS
A bHOY 2—3Y L E LT FERRIRA S, —7,
FRURICAH S 92 H DM EITENR - AR & U THE A
BTk E N

3. HREKIIBIT I /<A NI, BENEIIICHET S
EERE MR O AR A RS EIS THh 5. HRAEK

£

2009—6

I3, EEBRE T ARRHR OB BRI & D IRk S B R
ST RE AL B3, B ERTHILITRD, M
S X NN AT W = = VAN € 1 /SR /J | I P = PA ) ¢ L1 SN
LML TV, £ ICZDOBUTEMAES N TN,

Eil 33

AT, AR OEFHEE DL R FARERR S TN
TNRBAERER AT T2 O— a2 HBES B DD TH
5. AUEEREONT  #EdE, JUNKZED /ML
IIFAMRICBE T 22 < DBIE 2> /2. BHRENRYOF
B EHR IWOKRFEORFMEREEE, EEER A5
FRomE L, AR REOMARNEEER, BRARFED
BHEEHLICIAREERRERZHN . JREREOEE
FERMELITIT ICP-MS Wi CREBMERT/R > 7= HR%E
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Appendix 1. Major oxides (in wt. %) and trace elemental abun-
dances (in ppm) for the Yakuno rocks in the Asago body. Total
Fe as FeO. Abbreviations: hb mtgb, hornblende metagabbro;
amph., amphibolite; gtz monzodiorite, quartz monzodiorite;

leuco., leucosome.

Appendix 2. Mineral-melt partition coefficients. Data sources: *
Arth (1976); ® Bacon and Druitt (1988); ¥ Binderman et al.
(1998) ; * Bougault and Hekinian (1974); ™ Dostal et al. (1983);
" Dunn and Sen (1994) ; * Ewart and Griffin (1994) ; ® Fujimaki
(1986) ; ™ Fujimaki et al. (1984); ¢ Gill (1981); * Green et al.
(2000); ®* Green and Pearson (1987); ! interpolated or extrapo-
lated; ™ Hauri et al. (1994); ™ Jang and Naslund (2003); ™
Mahood and Hildreth (1983);" Martin (1987);*° McCallum and
Charette (1978); ™ Nagasawa and Schnetzler (1971); ™ Nash
and Crecraft (1985);" Nielsen et al. (1992); ™ Pearce and Norry
(1979); ™ Philpotts and Schnetzler (1970); * Rollinson (1993); s
Sisson (1994); $* Stimac and Hickmott (1994); #* Zack and
Brumm (1998) . Mineral abbreviations; pl, plagioclase; hbl, horn-
blende; cpx, clinopyroxene; opx, orthopyroxene; mt, magnetite;
ilm, ilmenite; ol, olivine; spl, spinel; ap, apatite; zir, zircon; bt,
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biotite.

Appendix 3. Equations used for modeling. The following equa-
tions of Allégre and Minster (1978) have been used for the
Rayleigh fractional crystallization model:

Ciig = CoF”" and Ceun = Co (1-F")/(1-F),

where Cu, is weight concentration in the residual liquid, Ceun is
weight concentration in the cumulate, F'is fraction of residual lig-
uid, Co is weight concentration in the parental liquid and D7 is
bulk partition coefficient of crystallizing assemblage for the ele-
ment. Partition coefficients for basalte and basaltic andesite lig-
uid (Appendix 2) were applied for the modeling of first-stage
Yakuno rocks (Figs. 10 and 11), and those for the dacite and
rhyolite liquids were applied for the modeling of second-stage
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Yakuno rocks (Figs. 15 and 17).
The following equation of Shaw (1970) has been used for the
equilibrium batch melting model:

Cual/Ci = 1/ (DRS‘ + F (1 - DRS))

where Cua is weight concentration in the partial melt, F' is frac-
tion of partial melt produced, Ci is weight concentration in the
original unmelted solid (i.e. source) and Dss is bulk partition
coefficient of the element in the original solid. Partition coeffi-
cients for andesite liquid (Appendix 2) were applied for the
modeling of partial melting of first-stage Yakuno rocks (Fig. 16).

Appendix 4. Compositions of source (starting material) and
partial melts (in wt.%), and modes of run products (in %) for
the dehydration melting experiment by Beard and Lofgren
(1991)
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