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Numerical investigation on differentiation mechanism of basaltic mag-
mas erupted in the last 2200 years from Fuji volcano, Central Japan,
by using a thermodynamic phase equilibrium simulator "PELE"

Saki YAMADA' and Hidemi ISHIBASHI'*

Abstract Numerical investigations of multiple phase saturation and fractional crystallization differ-
entiation were done for a basaltic melt with major element composition identical to Innomarubi lava
(INM melt), which is a phenocryst-poor, relatively undifferentiated basaltic lava erupted at ca. 1.5 ka
from Fuji volcano, by using "PELE" (Boudreau, 1999), a thermodynamic phase equilibrium simulator
for silicate melt, to understand the origin of whole rock compositional variation observed for volcanic
rocks erupted in the last 2200 years from Fuji volcano. The results of multiple phase saturation simula-
tion indicate that INM melt coexists with olivine, plagioclase and clinopyroxene, which are observed
as phenocryst minerals in Innomarubi lava, under conditions of temperature of ca. 1160°C, pressure of
ca. 580 MPa and H,O content in melt of ca. 0.85 wt. % with oxygen fugacity condition near Ni-NiO
buffer. Fractional crystallization differentiation simulation indicates that plagioclase and clinopyroxene
are major crystallized phases and, as a result, Al,0; and CaO contents in melt decrease with cooling.
However, the calculated LLD (liquid line of descent) failed to explain the whole rock compositional
variation observed for natural volcanic rocks from Fuji volcano. Al,O, and CaO contents are lower and
TiO,, FeO™ and K,O contents are higher for the calculated LLD melt than natural volcanic rocks at the
same MgO content, indicating that some process other than fractional crystallization and mixing of LLD
melts are required. Up to 25 wt. % addition of plagioclase component to calculated LLD melt can explain
most of the compositional variation natural volcanic rocks reveal. This indicates that plagioclase ac-
cumulation is a primary process to form the observed whole rock compositional variation of natural
volcanic rocks.

Keywords: Fuji volcano, PELE, multiple saturation, fractional crystallization, plagioclase
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kB s s (eg., HBE, 1968, 1971; FHIZ A, 1997;
g0, 2003), HIizT, FrELKLEE LI GEMONE
BzowTE EOTEH (2007) 12X 2 &, ZOEHY
X5 DODA T =D E NS, B X% 80004FmT LR D
AT —=Y1TIE, WIH - ILEOKOH» 5 REDTRE T IE
Hi7:. ZEH oA ZERER, L)L
I OHWMNTAKMR AT ENINITHSTE (GHIEDR,
2014). i< 27— 2 (8000 ~56004ERT) TIXiGE A3
HERERFITH D, ILTEAK T 2 5 /NS 72 [ R B9 K
DI LTz, 27— 3 (5600~ 35004ERT) <, ILTH
KAB L UKD 5 DIFFEIIIE K & EETEH AEF I
BZ ol AF—4 (3500~ 22004E0) OIFENL, (L
TEKO 2 5 OBRFEHE K THMS T o N, 2 O,
BLUERAKOMAILTH 2 KEILDOTERE (#3500 4
B, WEEICH T 2 KB IR o FAE (92900 4E
B, BED & Z ARBOINTHKOE X GiE22a )
THEK 5 22004E0]) L EDARY R BB oTWDS, £
LT, 22004FR14 LA TR A7 —o51%, kA
oD/ s FHBOE KL > TS ITons, 2o
AT =Y TIH4A0[E % 2 2 B4 GHBE OB KD H - 72 2
EDHRESNTED (EHIZD, 2014), B KEE %
H DL LT 864-8664F HBE K (EHE~1.4ki ; &
AKiEH, 2003) &VEIE 1707 KM K (BEHE~ Tk ;
e.g., Miyaji et al,, 2011) 21503,
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1322, 1991; 2003), —H T, MoEELTEOLEE
BEIZIE, 220041 RO IEHIICIR> CTHOEB RS
N3, Fig. 11z, EfE1EH (2003) 12k oTaAERSINT:,
22004F- BT ARRIZIE H U 72 KIS O 8 B R R &,
MgO & R% il & 3 2 GHRBEERGRITR L. 20
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25 10wt % E THA 3T 2 @A A N5 (Fig 1d, e).
TiO,, CaO, Na,0, K,0 1%, MgO O 25 L TiFIF—
F 723 b TS 2@ A %R (Fig. 1c,f, g h).
Brillo<x /<83 EZLXlaEThERLE LT, <
T<2E ) OBEEIEY EDBEW) T EITk oA
DO OEB (B, 2007), F7:13 Fe — Tilg LYY
DO (Asano et al., 2013) 7¢ &, HBlkESVER
ORISR OEEMESIER S hTnws, EHER, 22004F
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PRTZENSL (BB, 2003), &EFROTEMED
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D TR 72 K1
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MR RO < < O E Y I 2 v — & —
“PELE” #{HH L, B Ti%E22004EMIZE AL z<
7< OILFEME N Y = — v 3 v OREEE T X 2 EIE
Bra i,

WREE
WRIERAYZarv—Ya>Fns S5 L “PELE”
“PELE” 1%, Boudreau (1999) 12X o CTRHF S Tz,
= 7<= OETFHINTA - FERERY I 2 v—va vk
7207 )= 75 5ThH%,. PELES 07T A
T, IRV N O EIE D, BET a0 T 4
(fO,) DIEROMEMEMEL LTEH5 2, BNOIREIZ
BwWT, BREFEA %7 Loo, ROHHT A VX —
PENE LD XV b - SR O ERAR ALK O &
WA DR LB X o THIET 2. ZoFEHIZ, H
FEO= 7= QBTN - fifEHY I av—v 3
v 7’u 77 AORTHRERD LS FEH S S “MELTS”
7v 75 . (Ghiorso & Sack, 1995) O #nEF U TH
%. %7z, PELETIZ X v h O# %€ 7 )V & L Ghiorso
& Sack (1995) 12X 2 IEHEHET VvERHA LTV 2,
PELE & MELTS OAE & IZ, B OBDZNEFVTH
%, MELTSTiZ, #i¥) 2 L IR FRERIARE F v £ 72103
JERFRIERATRE TV &0, A EEYHE O
HIZOWTHBIHE/ERANN G X —Z2 —DfiEe X% ) 7
LV—¥a v LTWwWa, ZRIIH LPELE TIX, 1Y DE
HEETNVEL T I ZIEREE T VERA LT
W2 (Boudreau, 1999). Boudreau (1999) 1%, MORB
K A v B IZ2oW T, PELE & MELTS O[] T o gH5fs 5
DO EToTWwW3, ZOfERICX S L, PELEDK S
MELTS & D ) % & Z{RE 2MEIRMANIZ 5 ~20°CREE > 7 b+
T2H0D, HYOEBIERECHMN ZitmEIZEL T
ZPHTH 2, PELETIE, —EDEH & O, 54D,
FEREORESMACOMTPEREREEHA T2 L2 TE S,
AN F—& L LCTREZ DI A v ~ bR & FO,
S Thh, HHF—X L LTHEREIIB T AV
B & EH Ui ofEEH - (LK - ROEH S
LN, %7, BEMICGEHEZETSER25 Z M
BIEHE IR DIBET 2 LT, < /< OfEMERDY I 21—
YavbHETHDE. ZOK, ROMEMEEELS
LW RESRER &, MUK ZRET L Z LT,
BT & & DITROIMFRER L LT < 2345 S
YEF D€ — K%#ETE %, PELE X Windows OS ET
F7 74 VRETCOREZET TS, HERERETX
ANT7ANVELTHDENE DT, Excel &k & OFKEHE
V7 MeAOCTHENETSH 5.
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Figure 1. Major element compositions of volcanic rocks erupted in the last 2200 yrs. from Fuji volcano (data from Takahashi et al., 2003).
Arrows indicate compositions of Innomarubi lava.
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KFETIE, YIa2v—yavoldlizrvrELT,
EfEiE0 (2003) OV v 7 v 19-54 ] e bRk
RO, Zo¥y I, BIFAREE > RIS L
72 DTH . FNFIERE L, PR 450 4R8I E 1l
BRI L7 XA ERERTH D, 2 O HARE
1338 X £0.035kt & B d 5 TWwa (LTGiEe, 2011),

Fig. 2a ICHI MRS OER FEZ RS, KO 729
12, EBIEKCHEEBLLE ARy FUEEOEBAERE b RT
(Fig. 2b). BELIUOEEDL  WHHIZETDITRL,
FIEF AR 12T & A EBER 25 & 0w (B E~2vol. % ;
LTGIE 2y, 2011), b I2IZE& I NP E LTREA,
PALAH BRSO b s, AL, BEA,
DAL AT, B, BEEo<A4 27054 b EEMEE
HrolRansg, ZnbofEHEIL, BAERIZE
WTHIBHEREZIZIEA NV P ORBETH o722 &,
KEBTOKETZ DA N NERER, »ALAA, Yl
A & LFE LTV Z E 2R LT3, Table 1 & Fig.
1z, RWGECERHA LA v s O ERS B E R,
Si0, #350.9wt.%, Na,0+K,07233.3wt.%D Y L7 A ME
ZRAETHY, ZOMgOEZHERIT58WtL% TH L. 544,
Z OB D X vk INM A v b+ E RS 5.,

INM AV b 2@ 2 v MIZERHLZBEBEA T2
THD., FHIz, MFLRREIFHELKLUIIST 28
7 2200 4 O WP © W CHUIT R D MgO & = % 7R
T72OTH S, £V ErolaIcffL R EE X v
FOMgOERRIFRE L BOHBEZRL, —EOEKE
STl L7254, SiRIE EMOEHEESEHW (eg,
Sugawara, 2000; Beattie, 1993). %7:, ZEHE AV k
Wiz, fEEMUVER ORETITE > TMgO &H B 21§
CTW R 2H 2. 208, <7< OFEMerER
IZOWTHEST BB, MgOIZEL AV s H#IX vk &
TN TH . BT, T LEREIZIZIE
MIERETH D, OB E 2 v b DGR
FHELWEARE LD TH L. FELKILT22004EH]
DB L 7o~ 7 <i2id, BB RLERE LD dEuae
AMOEHRAZRTOOIMESI TS, L, Z
DX U= 7<HIIBNT, ANV EDMgOEHEI NS
LbEDo e MFBEATRY, Z¥LL, <7<
I AV EBERSEI OREMTH D, ) E VTS
EL=7<TIE, XN kDMgOEHEBNEIENE
ETH, BAOMOEHFEIFEWMELZRL D 27:OTH
%, BRICED <7<~ D2AbFEMBR AT LD A v b
D43 LR (liquid line of descent; IR, LLD & ftd#id
%) OLO—EHERT LIRS v (Kuno, 1960). &
& (2003) TlE, KIAERBOE— RIS 2
PEEH S TV, FIIFLRES & D b4 MgO
sEEPHVERIIoWTIE, FoaE bk E 2 v
F DAL & A 20 8 T T E v, At
AR & AV MUK & AR B KIEOF T, KD
MgO&EFE EW D DVHFIERETH L. LD
M5, INMANVRZ@H AV ELTRATSZ LI
HBHHTHD EWZ B,

Table 1. Major element composition of the starting melt (INM melt)

INM | wt.%
S10, | 50.9
T10, | 1.5
Al,O5] 16.3
FeO* | 11.89
MnO | 0.19
MgO | 5.78
CaO | 9.72
Na,O | 2.44
K,O | 0.81
P,O5 | 0.32
Total | 100

BEHEREMY I aLr—v 3y

FIBFARRE T, T bI00oRER, »ALAA,
B OB O N, 2D Z &, INM Ok
MK E B3 2 A v b KR, REEAH, 2ALAMH, B
R &P FE TS 2IRE (1) - JED (P) - K&
(X,) FHIchoZZRBLTVWS, 20X L,
EROPME L A v kPR EFETE 5 T— P— X, 22/
Lo S HEBARRR SR & X

INM 2 v b QRS L, VX2 ihE EofE
H, PALAK, BREA 22 OO M2
BET S, LicdioT, TP« X, 228 & LTINM X
VDY X X2 ERG L Z & T, EEFHAH S E
T2ZENTE S, fEk, HEBRHRMS I, SRS
HFERIC X > THRIES TS 72 (e.g., Takahashi et al,,
1998; Tatsumi et al., 1983; Iwamori, 1991), L 2L, Z
DOFEZEMT 21T ERSEEREELILEL D 2,
SRUTHRES D EREIBETH ), EMHIES T
7w, —HT, D% I 2 v—v 3 viF, PC
BHATHIIB S 1THB TS, TG SRITE(L
SHTEHEBOT— X 2HIS 2 LXABETH 5. FHEMHE
BRIZ & 2 BOHASRI S OTRE S, FlRmEEMIC X 2 H
HRICHARTEEERTA2 D00, MO TERLTET
HHrZEFEbBvhw, £ I TERWE T, PELE S
0 77 b E AW CEBAEAIRISEE 21TV, BRI
X o TINM £ v b OERFAIFS DS IRE L T2,
BRI Y I 2 v —y 2 YOEREKBNLEELOFIE X
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Figure 2. Photomicrograph of Innomarubi lava, (a), and Aokigahara lava, (b). Scale bars indicate Imm.
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DR D et TFHEM TR S N v, IRNEE T
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AV EvREeEnEZNGMHIE E LTRET S, AV
v LRER O#MEENE, 3 X # 100bar, 1.25wt. % H,0
7> 5 5800bar, 0.85wt. % H,0 D 2 /5 % 53313 1T E AR 70 55
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Figure 3. Calculated liquidus phase diagrams of INM melt projected
on P- X,, (a), and P-T spaces, (b), respectively. Each dot in this
figure indicates P-T condition that liquidus phase equilibrium
calculation was done. Symbols indicate primarily saturated phases
as follows; olivine (orange), plagioclase (blue), orthopyroxene
(red), clinopyroxene (green), volatiles (light blue open circles),
respectively.
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Figure 4. Calculated melt fraction, (a), and MgO content in melt,
(b), are plotted against temperature. Curves indicate relations at
pressure of 300 bar (navy), 1000 bar (blue), 2000 bar (green),
3000 bar (orange), 4000 bar (red), 5000 bar (pink), and 5800 bar
(violet), respectively.
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Figure 5. Calculated liquid line of descent (LLD) at pressure conditions of 300, 1000, 2000, 3000, 4000, 5000 and 5800 bars. Open diamonds
indicate compositions of INM melt. Curves indicate LLDs at pressure of 300 bar (navy), 1000 bar (blue), 2000 bar (green), 3000 bar (orange),
4000 bar (red), 5000 bar (pink), and 5800 bar (violet), respectively.
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Open diamonds indicate compositions of INM melt. Curves indicate LLDs at pressure of 300 bar (navy), 1000 bar (blue), 2000 bar (green),
3000 bar (orange), 4000 bar (red), 5000 bar (pink), and 5800 bar (violet), respectively. Blue areas indicate compositional ranges of natural
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B KITHER22004FE-ICHEI L 7e < 7= LA D = X 47

FELTKLUEEYOFERENY T—> 3 Y OBRA

JeniEmIc &k D, FELAKEE22004EM I H L7z
< I OEANY = — a VT, HREEEERO A, b
LR IZZ 0B TR S iz A v b AL ORE TIEFH

TERWIZ EDbholz, FTIE, KR~ 7~ DO/
N ) T—yaViFEDIIIZLTEREINTI:DIEL ) ?

ZTCHEHET 20X, FigbThHLNTZKAR~ 7 <Di
m%l&ﬁ%mmW%UDa®fn®ﬁﬁ@%5,ﬁc
MgO &R CHIR L 72354, miEEMIzFhTwsIeHE
1% ALO;, CaO, Na,0 TH ), MDeHIFMEREM Iz TN
TW3, HEEAIZFATWSSFEHEOTTEITVTND,
REAIZMVAZARLTVWILETH S, 2O LE, X
R Z<DMBANY) = —v a v KT 25 20, 2
FAEM s EE L KE 2RI L TR EZ R L Tw
5.

27T, #EA (An70) Ofino# % Fig. 6 O LI
X s eoRd. BRI, An70 ORER & INM X v
F B X CFLLD EOMgO~4.5wt.% D AV b & F 7 1
ATWS, FEAEDTEIZBLT, KRR 7=t
FERIZLLD X v F 20 &k D dREAHIZITATHS Z
EDHbn D, KRD< 7 < OILFEAHPH I, INM X v
k& ANTORER ZHESER & D B MOz b IL 25 TWw
% 2% (Fig. 6b, c, d, g), Z ik, REROMNIN
TLANVIBINM AV &) HRMETMgOIZEAT
Wiz, L IEDALAAMIIL 7z &F 2 L
TE %, Na,OFR < T XRTOERDITCEIZOVT, 25wt.%
UToOREGROMNINT & 5T, RK< 7 < O
FAZ TS 5, MgO-Na,OBifRIZ>WTix, LLD X v
FADARNTORIER O & o T, KA< 7 <01k
AR 2 TS v, AN 2 RHEA A
ot D7 NVNA MRDIZEATWS Db LT, 2

AREMEIC oW TR SR, RIEEAHROESTIZ L -
ﬂﬁ“ﬁ“éz\%ﬁ%éﬁé 5, Mlhoinr s,
&1l 5 2200 £ IZ I K U 7o = 27 < DAL K 6 B
3, DBEERVERIZ X o Tt L7z 2 v Mz 25wt % LT
OREAMIINT 22 L THWPTEZLE2 3,

ZhTlE, 25wt %A TFORBEARSOMNINEED X 5
WCLTHERIDIZESI . ZHUIZDVWTUTD200
Tak ALBHEETH B,

70 2AOREAICE CRFEW Y A HJ o[l - 17074
FARBEKA Y 7HICBMNERYZ S GOFER L A &
BEIVRELTELSEEFNLTWVD (e.g., BIEF D,
1998)., ZOZ LWELIUOMTIZZO X ) LV A A
PIFETLZEEZRET S, Z0XD TEFEHLV A A%
<7<l AsgEl S e, REARDITED<
IR AETH S, TIX, ZOXd T 7ukX el
BIFBECTH 25 D » 2 b L, [FAEIRER D3I IER L

TWAUE, Zhx#sd 22 L 3RTdETHs. —F,
ERDREN DG, REATEO AR TH2 ) & 7

b L0k, dL, My AEEZED AL TEHY YR
L7:E9 2L, =Z7<HICiEMY A RO % b ot
EAEWMESZ AN ETFHENSE., Zhb0RE
E%iﬂaaf&i, %DEIE*_L%Fﬁ IANVERTy MRIBEA L
FEET, IZEoTIRAV CVRoMin, <72 &A4

N EORFESEMI DS EE AL TWERESS., ZD kD
TRAFRIE, AV HRCRSEH Loo b aREA TIZR
LN WDT, SO LHB TS 2 AREM 3D 5.
70t ZQRER ORI ASB] - fHEA & XHAE
AV DOEEEIZIOk/ oK TH Y, TV CrobR
LHRT—HIBLE/NS W, 2D, A VEHTDR F—
7 AUEBR T E 2 255, RERAFLY Y - AL
HRTEIDEELIZCWEWZ S, ZzinzT, <7
<FOREAEIEB L ZF10vol. % % 2 2 2 L ERIGH
% J423 % (Ishibashi & Sato, 2010). Z DFEE, /ha v
RIS DT T, AV EDBEZDORSVWTIEY -
MO OBEDDEEZWIT 2 Z L I3HEETH 3208, BEZED
INSWREROBEDIDEEZIT 2 2 L I3WEL D, #}
FEREMHLEVWEWI ZERBID I 5, EE RE
DR H] & RN LBIREES 20H 2. 20
0Lk, FIELKUOBEADS S T, i Lol
REREAHELIZL AN —HT, ) Erolia
IR B TRk 7 2 £ T©H B (Fig. 2b). T DEHEHE
@ wa¢f®ﬂﬁﬁwﬁﬁﬁﬁﬁwﬁ%§<,ﬁv
WA ORI RN L EZ 2L O LD E A ).
goﬁu,ﬂﬁamm&dﬁﬁﬁﬁﬁﬁ%ﬁ@%&50
BESLELERLNEZETHD (eg., EREIT D,
1999; =i, 20156MS). Zh o DOffkE, <7/ <72% D
FCRE LB o eREERD, <~/ ~<RELEDTD
l:~§ﬁ<'ﬁﬁﬁ4ﬁﬁ§&:ﬁ7§>ﬂ, Z DIRITHE SRR = TR

352 ETEHKENS (Tsuchiyama, 1986), ZD X 5
TR T b OREA RS N DTz DITIE, fElo<

~<{RA EWEI TRk 2 fRiz, REATESES AV N F

ICRFEWE ST 2 BB D 5,

7, 7o 2QLQoHMNLEbDOLELT, /<
72E hHpCc— Hﬁﬁﬁﬁbfﬁ#%%ﬁﬁﬁt@iof
WzREE AR RS, SRRSEERIc X > Tk LTz A v
b¢;ﬁf&0;iﬂé7 ZHBIN 5. ZOHE,
WE o CwREARLFEE L TH Y 1 2RO %
JEEL Wi biX, 7u Je;(@@i% & R IR Y
HHrLHEBIARETH S, LrL, ZVARZVI Yy Y a
RIELSED o TWTe ke 51E, AV MIHERDALS R
RO, BRoZFNEXITE WS, Tok
ZQ L OFAZHEETH S S,

PlEowsFho Fuvxan85B8 o721z LTh, gt
KB 2000412 H U 72~ 77 < DAL % 3 5
%95 27T, DFESERRE I TR, SEAoMNmOE
TS HEPAEWICEETH L ZEITEFEDL ) TV, &
%, REARS O 7o e 2 0%z ST, HLilo
RIROEEA D= AL EZWL2IZLTWL D 2T, &}
FEAEBES ORI - (CENFLHRFRLE L L 2725 ),

E RN

FrE K2R 22004ERTICIE H U 72 < 77~ OfbAEA AL
NY) =y avix, DBFESRER DA, F 72130 50k
YERIZ X o ToMb Lz A v b AL OREATIFHH TS
W, LALEHS, SRlFERERICE > T LTz X v
MZ25wt. % LT OREARS #MINs 2 2 & T, KA<



48 I FED -

<< DAL ) = —3 2 v R RS TRETH B 2
Lol REAESONM 7z LT, Ofl
EARIZECHER LV A A0l QOfHRA OB AR
Bl, ZLTCOL@QLoFMN 7oA THS, <7<
D ORAREITHEZ o LAHRAREROBEI DAL L &
BNEZLND, BLAkIUO<IZ<OERA D =R L%
B3 295 27T, 51k, BEEIEY O - (LSRRI S
LTI ELRDETH 5,

HE

AfEix, IWEERE (2015MS) #{EIE - fnE L2 D
TH2, ArWETEIZTHR LI Y F2WwWTE
& LR BE D - IMUEASSR, B -
NREFEIZ L, WEWTTE S E LB - BT
BIZiE, ZZIZit L CBILLE L B X9, KRBFFEIZISPS
R 25800293 5 & CHEURZEHIENF 72T LML 7 o
7o LDEMES T bDTT,

513k

Aizawa K., Yoshimura R., & Oshiman, N. (2004), Splitting
on the Philippin Sea Plate and a magma chamber
beneath Mt. Fuji. Geophysical Research Letters, 31,
L09603.

Asano K., Takahashi E., Hamada M., Ushioda M., Suzuki
T. (2013), Why does Fuji volcano release only basalt?
Experimental study of deep magma chamber. IAVCEI
2013 Scientific Assembly, abstract 1W_2K-P14.

Beattie P. (1993), Olivine-melt and orthopyroxene-melt
equilibria. Contribution of Mineralogy and Petrology,
115, 103-111.

Boudreau (1999), PELE - a version of the MELTS software
program for the PC platform. Computers & Geiscienc-
es, 25, 201-203.

EFBGE (2007), ELKINO= 7<%, In: SRECELE,
R BGE, Pt EHEE R Ekil,
IR BRETRL AR SERT, p. 233-244.

Ghiorso M. S. & Sack R. O. (1995), Chemical mass transfer
in magmatic processes IV A revised and internally
consistent thermodynamic model for the interpola-
tion and extrapolation of liquid-solid equilibria in
magmatic systems at elevated temperatures and
pressures. Contribution of Mineralogy and Petrology,
119, 197-212.

AR S - BRI - % (2004), Bk, HE
WK EFAREK I RAAENPLOT Ta—F,
ATIER, 54448, 131-138.

Ishibashi H. & Sato H. (2010), Binghma fluid behavior of
plagioclase-bearing basaltic magma: reanalyses of
laboratory viscosity measurements for Fuji 1707
basalt. Journal of Mineralogical and Petrological
Sciences, 105, 334-339.

Iwamori H. (1991), Zonal structure of Cenozoic basalts

e

related to mantle upwelling in Southwest Japan.
Journal of Geophysical Research, 96, 6157-6170.

Kaneko T., Yasuda A., Fujii T. & Yoshimoto M. (2010),
Crypto-magma chambers beneath Mt. Fuji. Journal
of Volcanology and Geothetmal Research, 193, 161-
170.

Kuno H. (1960), High-alumina basalt. Journal of Petrology,
1, 121-145.

Le Bas M. J.,, Le Mitre R. W., Strecheisen A., Zanettin B.,
TUGS Subcommission on the Systematics of Igneous
Rocks (1986), A chemical classification of volcanic
rocks based on the total alkali-silica diagram. Jour-
nal of Petrology, 27, 745-750.

Lees J. M. & Ukawa M. (1992), The south Fossa Magna,
Japan, reveales by high-resolution P- and S-wave
travel time tomography. Tectonophysics, 207, 377-
396.

MTHI%: (1964a), Tephrochronology iz & 2 &kl & %
DRI O FEE (20 1), HEHEE, 73,
293-308.

HIH¥ (1964b), Tephrochronology iz & 2 &L KIli & %
DRFBHIROFEL (£ D2). HZEHEE, 73,
337-350.

ZipiEs (2016MS), ELINHEBEA< 7 <hoRRA
WMDY ==V I RE =Vl < 7<IEED 7
0 ANDRIR, TR ARSI AR HERR 22 2 5
W, pp. 70.

EHIEE (2007), 751751000 4EH O KL OE X
LR, BEABEOHR. In: STHER - B
FEE - P - EHEE R =Lk, 1l
SUR BRI EWESERT, p. 79-95.

Miyaji N., Kan'no A., Kanamaru T. & Mannen K. (2011),
High-resolution reconstruction of the Hoei eruption
(AD 1707) of Fuji volcano, Japan. Journal of Volca-
nology and Geothetmal Research, 207, 113-129.

HIEIRA (2007), EEILERERT £+ v ¥ <7 F OHIE
TEE) LG, In : SRACEME - BRIFEGE - HH
il - EHEDE () Bk, BRI
WFZEHT, p. 151-159.

Newman S. & Lowenstern J. B. (2006), VolatileCalc: a
silicate melt-H,0-CO, solution model written in
Visual Basic for excel. Computers & Geosciences, 28,
597-604.

VERETER] - JFABES - /NLSER (1999), w4:kil1707 4
/BBAAEE KD X =X 1, ATIHIER, 21, 446-
451.

Sugawara T. (2000), Empirical relationships between tem-
perature, pressure, and MgO content in olivine and
pyroxene saturated liquid. Journal of Geophysical
Research, 105, 8457-8472.

mHZE « IWTTEIR - A5ETS - IR (2014), EhK
I E RS 2R (Ver.1), HMEHFAERE LY X —
WFSEERIEE, no. 592, EEMIIMIE A R A€ v & —.

Takahashi E. (1998), Origin of the Columbia River basalts :



B KITHER22004FE-ICHEI L 7e < 7= LA D = X 49

melting model of a heterogeneous plume head. Earth
and Planetary Science Letters, 162, 63-80.

B IERS - RAIE R - BAGHEE - iRANEZ (1991),
EhKITE T 5 < 7 <G R0 @ 2
MRDOHE[ 2 5. KIlI, 36, 281-296.

EISIERY « NRIIEE - IRAKHE - RJIIERIR - K
E - HEE - WHEA - ZIFEWL (2003), Fit
KILINE ) O A A2 — 2047 7 — & 847 fH o
et A AR SO AR B AR AT SE TR SEhC 22,
38, 117-166.

Tatsumi Y., Sakuyama M., Fukuyama H. & Kushiro 1. (1983),
Generation of arc basalt magmas and thermal struc-
ture of the mantle wedge in subduction zones.
Journal of Geophysical Research, 88, 5815-5825.

HELE (1968), EhlEM (575450 1), &l
DOHE, HIE .

AEIE (1971), BLillo - wE sLil-5+
ISR A &, LT, 1-27.

EER T - EHIEE - RO EA - AEE - ST -
EEEFE - B)IekE (1997), HERKILERE2
LEEL Kb < /< OMKREN—F+HE
BFUKINEB B O R — ) v 7 a7 0B AL
WML kill, 42, 409-421.

EEET - WEER (2007), BLilo< 7 <oty
B &SRR < 7 < O FEEA OIS
In : SEACERE - BEAEORE - b EW - B HIEE
(i) &k, INBRBREREWSERT, p. 219-
231.

Tsuchiyama A. (1986), Dissolution kinetics of plagioclase
in the melt of the system diopside-albite-anorthite,

and origin of dusty plagioclase in andesites. Contri-
bution of Mineralogy and Petrology, 89, 1-16.

#TTHE (2007), &ELILOARFIHMEE. In @ SEACELE -
FRICELR - RS - EHEE W) =K,
IHRBRGE R AT 52T, p. 161-172.

Watanabe S., Widow E., Ui T., Miyaji N. & Roberts A. M.
(2006), The evolution of a chemically zoned magma
chamber: The 1707 eruption of Fuji volcano, Japan.
Journal of Volcanology and Geothermal Research,
152, 1-19.

ITCFE - PR - BHSE - WRE (2011), FdKil
HRHEI 3 2RI N D8R, HUEGR
B, 62, 405-424.

LHED - ERRT - THZME - AT - EHIEE -
EEEE (2004), FLAKIL -« 1707 4T KEHE
By oMW EESF ORaFNIEE L Zof
JR. KILEE 248, 43, 43-59.

IARES (2016MS), H7E Kl o 2 2000 48[ 12 1
HLREEE< <O b A 0 =X 4 HfEY
RalV—va Tk IRES RSB HIER
BHARIAEZERR L, pp. 38.

Yoshimoto M., Fuji T., Kaneko T., Yasuda A. & Nakada S.
(2004), Multiple magma reservoirs for the 1707
eruption of Fuji volcano, Japan. Proceeing of Japan
Academy, Ser. B, 80, 103-106.

Yoshimoto M., Fujii T., Kaneko T., Yasuda A., Nakada S. &
Matsumoto A. (2010), Evolution of Mount Fuji,
Japan Inference from drilling into the subaerial old-
est volcano, pre-Komitake. Island Arc, 19, 470-488.






