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Formation Process of Lava Domes in Sanbe Volcano

sk

Ippei Asano™, Kento Gor®, Koji Krvosuar™, Keiko Suzuki-Kamata™** and Y oshiyuki Tatsumr™ ¥

Four peaks (Osanbe, Mesanbe, Kosanbe, and Magosanbe) form the major body of Sanbe Volcano. A possible
scenario of formation of such discrete peaks could be creation of a single lava dome followed by eruption and erosion, as

an explosion-center-like depression is located in the center of four peaks. However, the following lines of evidence may
suggest that four lava domes formed individually. Firstly, rocks constituting each peak exhibit distinctive petrographic
features in terms of the amount of quartz phenocrysts and compositions of plagioclase phenocrysts. Secondly, Mesanbe
rocks tend to possess SiO2 contents lower than other rocks and show unique chemical trends. Lastly, rocks from Osanbe
and Mesanbe exhibit systematically higher, K, Rb, Sr, Ba, and Zr concentrations than those from Kosanbe and
Magosanbe. This geochemical characteristics together with rather constant concentration of Y for Sanbe lavas may lead

to the conclusion that four types of magmas are produced by anatexis of the lower crust in the presence of garnet,

plagioclase, and amphibole by different degrees of melting.
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Fig. 1.
that forms the eastern edge of the SW Japan active

Tectonic setting of Sanbe volcano (filled triangles)

volcanic chain (open triangles). This volcanic chain is
created by subduction of Philippine Sea plate at the
Nankai Trough, as shown by numbers indicating
depths to the top of the subducted lithosphere as
seismic (solid lines) and aseismic (broken lines) slabs
(Zhao et al., 2012). Sanbe volcano forms ~110km
above the subducted slab, which is a general feature
common to terrestrial arc-trench systems.

FAEL v, 2 L T2 OMEZHAS 2=k & D 13
HE, S bbailgTd S (Hirose ef al., 2008 ; Zhao et
al., 2012).

— /T, AT THNBEREDRVL OO, < MV
vy Y LT MER R AI A IEHEEA T T
HYH AR R AL O ZE S 100km %8 2 2 FHZFAES
% (Nakanishi, 1980; Zhao et al., 2012). ZNASLAIAA
ETAVEVEETL— MIHETEE VI EZEZITA
na&, ZHMUETICBITSZ0kAALT L — MR
FTORERSIFIH 110km &P ENZ. ZOffILILNH#L
T EGTEHARROAR 5§, HER EO% L Oitaii
I TRAO H L5 B DO TH % (Tatsumi and Eggins, 1995).
72720, mEMAETCIEZO T L — M EEETH L S
Eps, ISR T T L — b EEATORE D E
LHE%T& % (Peacock and Wang, 1999). Z & X 9 123
ET HEKOMIL, PUEFE T O# T2 AR T
T4 HET L — A, 1500 JTERTIZHEA L 72 (Okino
etal,1994) HWTL—FTHrL I EIZLD.

SHKINOHEICOWTIE, BEsrmEt, ks
FAEMRMIE, BT 75 ThH AT & K-Ah & DJE A
i SV TIRE AT b IVl 2 (- 3F E, 1971,

RER - i, 1983 ; Ak - =i, 1987; & - FA3E, 2002 ; #& ] -
FE, 2004). SIS OWFFED T b WA H 2 MG A3
SNARN - AR (2002, 2004) (ZFEDHIE, SO
TR 10 TAERTOLE 1A 5 3500 4FH1 055 I 12 K%
A BT S E IR EED 7)) = —Rk, 5
VNI T A A NEOBETRRHET ) = —NEK, BV
HILREE T A A VED TN ) RSB 5.
BRI Skm DA NT T OFEZHRLE T O 7)) = — AW
KIZE o TIHEBEENZEELZLNT VS,

SEEHT AES F— 23S MICE L, ZoiEsio
HA ISR (BT KUK 7y 727 2 8
Ty v a7 u—% B KE T L KEERHER) AT L
WaE F— L OMEICKIFEZ B L (Fig.2). 2ho
B E R E A LRI, AT DT
MEFEZHNTWE, 2o BRI OFFEDS, B
D 4DODOY— 7 PIEERFHIE—DEE F—LATho72 b
TLHDOWATTH 5.

Fig. 2 12, AT OME 072012308 2 5T L 7215 %
RY. EH N 20ORBGEREBRT 2 72012, 4160
HEHA R % C& L 2 EICHRILL, o3
BECldlnA % xR i THRILL 2\ X 9 ICHEHE L o
RMERERR L7z, F72, SEHRIUC S 7o Tl WHER
PENFIKOEET I EAEZTRINT 5 L9 12%9
7z (Fig. 2).
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BE =LA EHR T 2 KIS IZ W3 BERK T
HIREY, WIRTIX 41050 % KE$ 5 2 & I3REE
THb. GAIEL DL OPREE~RERTEL, K
HE~FIKOO L DI TH 5.

E5ES % 3 SRR L 22 M 122 T2 2 2000
RAME L TRk 72E— N (Table 1, Fig. 3) Tld,
WFNORETH I EIL 20~40% TH B DY, T =
OFEAIRRPHREDZ LWEAD S 5. FERBERIE
FHEA (<1omm) & ANAE (<Smm) TH Y, wiHEIH
RIEE T, BEIIIE S ORI, & L TMilcizadkss
T84 MELTW5, BlEEEZRT 2 EFS VA
(<2mm) FWIFNOERICLEENLDY, BIT (1994)
I L72L 912, KEMOELITAIEIZZ LWHE)S
BOLND. Zofh, BER (<S5mm), AEWEY (R
BRELM ONF &V REE), BIKAD R E LCEEND.

FHREAIZNE L 722 TORBHIBWTWTND, Ang
I Y — 27 258 % (Fig. 4). 72, P ot B
s B —FN TOBEMOME Y — 7 2 Lido s
B\, — T, Ang A D FHRABEOFAEIZOWT
1, 4IETERPADLNL. $abb, WEK, T
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Topography of the lava domes of Sanbe volcano.

Fig. 2.
Hatched and dotted areas show the distribution of
dacite lava and Taiheizan pyroclastics, respectively.
(a) sampling sites and rock color (open, grey; filled,
red). (b) sample numbers. Topography was based on
1: 25,000 Topographic Map of the Geospatial Infor-
mation Authority of Japan.
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Fig. 3.
domes of Sanbe volcano. Mesanbe samples tend to
contain smaller volumes of quartz and total pheno-

Modal compositions of rock samples from lava

crysts than those of other three lava domes.
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AE ORI A HERS T A — Pk (BRER 2
B AR 1.8 g, BlA 3.6 2) & IV 72 (LT - B, 1994).
HOREAE S v F—Tlem JEDO A 5 TIZYIM LB Ik
PREEAITV, BHME L TR W & EFERE Tom
BEORESIZHEL, 7VIFE- LI NVTHELZ.
ZOMEKBREE 1I0CHOF—7 2T 1 BREESE, 7
D=y NICRE R, @FE (Alfa Aesar #H#E Spectroflux
100B: A ¥ RTEEY F 7 AL PARTERY) F 7 L0 4: 1
RARMA) LRAL, Rigakuth# Y — K42 75 % Hwn
T 1150C D 44T 420 B RINE LiE# S 72 —
F DR TR ICHEER & LCa vk 7o A&k
mL<Twa.

SRS, MRS S 70 X AR AT R 1
(Rigaku 1% ZSX Primus 11, & E 50kV, B EIT 50mA)
T ROV E L2 B 5 A E SR
WADIZEIT O 17 Fix F\ 7z, G750 B O #fi Ik
ELTERVHIERT T 7 VAT NIST A= ER
Hwz8E~ M) v 7 ZRiEER T o 72, KRB Oz
FERTIE, 1 3B S 720 24 THETH LM TH S, F25
HIREICIE T = v F 2 7B OWIE ATV, B e
OB O EM & iR d 52 & THEBEO ) 7 8 RO
HTAE = FIEBH IS 2 DI ZOREORHIEL L7z,

3 HTEREF % Table 2 % U Figs. 5, 6 (27”3, 404 L 723K
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Fig. 4. Frequency distributions of An-contents of plagio-
clase phenocrysts of Sanbe lava domes. All samples
exhibit a peak composition at Anag.

FHE, Si0; G DT 65~66.5% D5\ HL P % 7R $
AT LATAHA NTHD, L DILETIX 4 IEDR
BAS—EDOILFE MLV FERT. LAL%EAS K0 I

DWTIITT (1994) A34EH L 72 & 9 12, WM K0 12
BOBZMWR - R=EMosh) v A v—T8, T
BB S ) 7LD, 200 L LY FER
B A, 52400, FEO 2 EEO ML Y FiE, R,
Sr,Ba, L C2Zr CTd, F/INHIZHRD LTI
S, La, Ce, P20s THal 517z (Figs. 5, 6).
FATC (1994) 1E, 4 EDOF TIET =MD A A DT Si0; 12
ZLWHEADH S Z L AR L7z, S OMEMIZSE OS5
MCOMRT LI ENTE, SHITLZIROERE,
Si0; & TiO,, AlLOs, FeyO3* 7 & CHuO 3 I & 135 7% %
LFEI LY FERTZENHS IR 572 (Fig. 5).
SHKILE S F— 2 DOHAIZDWTIE, Morris (1996)
%% Defant and Drummond (1990) DEFE L 727 ¥ # 4 I T
HHIEERE L. SROGHHERLLL, ZoZ L
IR CTE 2 (Fig. 7).

5 & Bl

5-1 4 EQOHKERE

LRl ORI A5 - E A FERET ORI, AT (1994)
PRI L 72 X918, ZHKIIEE F— A 388 L 7
A NEV LD TIERWT LR TE /. ZDAEIC
DWTLLTIZ, IC (1994) & 4l k5 % s+
% (Table 3).

FFRALE IOV T, KERA T A S AHMh
WCHARTHERSIZZ LWEN 2RSS LR TE
7o, ESICASROMEFTIE, D EELRMLEN TH D
FRAIZOWT, TEWBEOTFEWE 23 AA 12T
M CallE T (>Ang) FIEAMESENIZIEARVD
DDEBAJIZFRD S 7.

WAL= IR R 34 &, RI0 (1994) 25k~ 72
L9118, WEROBEADPMIZILAT Si0, 122 LW EH)
WD I EIIHENTH S (Figs. 5,6). & HIZEROIHT
2L - T, WEWMDETL SIO; & TiO,, AlL,Os, Fe,Os*
e BT 3L 3R AL FE ML Y FERT I EHH
NI o7 (Fig.5). L2 Lah 5, BIC (1994) Ofi
L7z, BEWARDIEY, 2L TFEMA RS Hkwn
Si0, DKM % AT 5 & 3 2 IFEIE 4 05 H Tl
BOLNHEhoT. ORI, AEE ORI
D, F 12T = e OBFUFETITRN L o /zl &
ZIUSFZTROFBEER L2 2 L ISERT % & b
n5.

FATE (1994) HA=HILES F— A DB HITDWTRL
7oi b B AL, B - KEME TS0
T 2 o0 7V — T THRBERIC (H L Sio, &A=
THBLZHEID) KOGEENRRLITHL. 2O
LA TOSHHERTOWHRICHERAT LI LN TE
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Table 2. Modal compositions of Sanbe lava domes.

Oxi-
Plagioclase Quartz Hornbrebde hornbrende ~ Opaque Biotite Apatite  Groundmass

Osanbe

O-1 27.6 0.8 3.6 0.1 0.7 0.4 - 66.9

0-2 25.6 0.9 5.8 - 0.6 0.2 - 66.9

0-3 26.7 2.3 4.0 - 1.0 0.4 0.1 65.6

0-4 29.4 1.2 33 0.1 0.8 0.2 - 65.1

0-5 28.8 1.7 4.5 - 1.0 0.5 - 63.5
Mesanbe

M-4 24.4 0.7 3.2 - 0.7 0.1 - 70.9

M-5 26.4 0.3 44 - 0.6 0.3 - 68.2

M-6 30.0 0.5 3.5 0.1 1.0 0.1 - 64.8
Kosanbe

K-1 23.6 1.1 5.7 0.1 0.6 - - 68.9

K-2 24.5 1.8 3.4 - 04 0.5 - 69.5

K-4 29.2 1.4 3.9 - 0.7 0.1 - 64.8

K-5 20.4 2.2 4.6 0.1 0.4 - 0.2 72.2

K-8 20.6 0.7 4.6 0.1 0.6 - - 73.5

K-9 27.8 0.8 3.0 0.2 1.3 - - 66.9
Magosanbe

MG-1 28.2 1.0 4.1 0.1 0.7 0.5 0.1 65.2

MG-2 28.8 1.7 2.8 - 0.7 0.2 - 65.8

MG-9 26.5 22 6.6 0.1 0.7 0.3 - 63.6

MG-10 30.1 2.8 3.0 - 0.7 0.2 - 63.2

L. L, BAIC (1994) 2345H L7z, H=IMoS A2
b K022 LK, FEMOERD K0 OZALH D %\,
LV HITIERRD 5 ey (Fig. 5). —H THEIFT7-1C
B 522 % 5722 &1, Rb,Sr,Ba, €L CZr ThH, F7-
CNHIZHARD EHBETIE 2\, La, Ce, P,0s T,
B LS (wmA ) AT V—T) LTS - RS
B &AL TIV—T) TINSDOTEDEGHEIZR
I AR AT 5 ETh 5.

DL oRRHs A L O IR L s 1o ko < &, =
JEILES F— 23— A THKE N TV L0 TiE R
{, 4ERZENENIRL DA OS A THK ST
WL ERTRTE S,

S & 22 7% o 7o =K S F— L 2T 554
AR ENE % b5 b BHACEHAT 2 2 7 = X4k, Ag
BN IZ B ORIFE TIE D B D35 OISR B =
DERL L ATFHOY 7~ PR EN-LT55DTHA
. 2L, INETOWRTHLNIZSIN TS L)
2, ZIRKILES K — 232233 3R
WEN2dDOTHLOT, 4HEHO~ 7~ OMHITITIT
FR ISR S, KES F— 2 N S22
5.

5-2 LEMFBORLE YT YDRE

DLEaR~R7- X912, ZHAIES F— 2 0B 4
MO~ <G L& 26nb. 22TIE, oh

s

LOXYITYORAR I ENZTNDO~ 7 ~HORHEERE
ERETD.

FIE—OmEIE, ZHKIES F— 22l 55
AT I AL MIGEEINLHETHEL, WHbRDLT I
A MORRIZE L TE, 208\ Sy el Y i
(Kay, 1978 ; Defant and Drummond, 1990) 7> 542 T A 1§
1N TORINEE SN DR EE & JUT i3 abise
HOBRIIH LTV, 7272, 2059 B5B0MmE
ENBHE LT, BEELOBERR O AAKR, »
W2 [ AT 7THRIE] 3 (Defant and Drummond, 1990;
Morris, 1995; Gutscher et al., 2000; Yogodzinski et al., 2001)
&, TR O E R (Chung et al., 2003 ; Zellmer et
al.,2012; Hou et al., 2015) HMEZ HNTW 5. FlZuk~
72X 918, SN E SR HAIKO T IE T3k
OHE TIZIZIEEE D A T 7HUE I A& T % (Fig.
. ZOZ&iE, FETFIIEZTo TRV NT 4
VY VET L — ML AIAA TS (Peacock and Wang,
1999) LEZ B EWMFETHIENTEL, IO LI,
ST A M TYH, BEESRIREO T L — M A
IR L CAER S N 5% 2 (Morris, 1995) &7
ATH 5.

S sNT =7 OFRT, FkO 2200754 b
<O L CORESEMGE 5 2 2 RN S 5 O
B, EAD) T L AR ) T ATV — TART RN AL
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Fig. 5. Major element compositions of Sanbe lava domes. All samples form an identical chemical trend excepting K,O
vs. Si0,, which show high-K and low-K trends for Osanbe/Mesanbe and Kosanbe/Magosambe samples, respectively.
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Fig. 6. Trace element compositions of Sanbe lava domes in ppm. High-K and low-K samples show
systematic difference in Rb, Sr, Ba and Zr concentrations.
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ZEEOMETH S (Fig.8). Thbb, 22007 )V —
FIZB VT K DI H 3850 5 N7 R 2 i g 2% (%t
FO Si0, ZALH ED L v FIZBIT 5, Si0, 65wt.% |2
B HEEDE) 1 Rb, K LT La, Ce I2BWTKRE L,

R —T - IO - I ER - ST - 3B

I

W2 S, YIZBW TS,

CDEI B 2DODTIV—TIIBI BICHEDIE—FEA i
FEEORNEZZRT LB, BEICR 5005 [ - W)
AT O 43 FeAR RS d i 2 B ) (Matsui et al., 1977) T
B A, Bl Z21F Tatsumi e al. (2008a) (X, HILHAD Y
FKILCET BV LT A ME, ANVTTIVA)ED2D
D= 7 OENERE ZNENOR R < 7 < DL

SrlY
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Fig. 7. Y vs. St/Y characteristics of Sanbe lava domes

samples that are plotted well within the adakite field
proposed by Defant and Drummond (1990).
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Fig. 8. Relative abundances of elements between high-K

and low-K rocks in Sanbe lava dome as a function of
ionic radius. The high-K magma is more depleted in
elements that are likely to be partitioned into garnet,
plagioclase and possibly amphibole than the low-K
magma, suggesting production of two types of magmas
by different degrees of partial melting in the presence
of such phases. Filled diamonds, open and filled
circles, and open diamonds show monovalent, divalent,
trivalent and tetravalent cations, respectively.

Table 3. Petrographical and chemical characteristics of four peaks.
Osanbe Mesanbe Kosanbe Magosanbe
° Quartz lower
2
o — . .
£  [Si0, wider* lower narrower*
72
5 ° lower
K,O higher  higher lowest*
= 2 £ & narrower*
Quartz lower
.. |An-rich plagioclase  rare usual usual rare
o .
é Si0O, lower
2 |Ti, Al, Fevs. Si distinct
=~
K, RbD, Sr, Ba, Zr
’ higher  higher lower lower
La, Ce, P & ¢

* not oberved in this study
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M % LRI & - CRRIT L, AT SRR &
AREOTFAT 50T, $hbb TR CA

U7zt L7z, FBRIC Fig. 8 # Mt &, @Ay
KEBH VT AT V=T DO T=D, FrofRERER
(A OFAET TRZ L E AR FEE TR S L
T2 REMEASE 2 B L5, Tatsumi et al. (2008b, 2015) D75
BHMET) ¥ 72 UE, SRKRA LT a5
T R, ANA, RIEAPIET 2 EME R0
EHHD. fE->T, ZIRLTFAA MZonwTh, 20
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TRV MVE AT E DS OBMRE TR R L 7

WEEMEAEZ OND. T L) sk ﬁf . BRSSO
PEHE KA L C, o AR o S ¢5777ﬁ£m¢
5 Z EIETHETH A (Tatsumi et al., 2008a).

— /T, ATTRARTHELITI A b~ T~ £
OEVAREG GRS, v Ml v T UEE G
FT2EMICH D, T RUBHED & & Mg A -~
7= &7 % (Tatsumi and Hanyu, 2003) ®T, 74 744 b
ELTHEMT 2B HEE 2w BICEATHI L
VBRETHDLH. LPLIDE) T O ANRNFERRI S
PEIDNTELCGhS B, F, ZOFRMFEEEELD
O BIEARLEST LI I R2ELIE, S 5ICHEBN
TORIBDLETHY, HEVICOEME,IrOT Fhy 7
BGREEZ D,

bR L7291, ZMIES F— 20T E T,
%Eﬁ-ﬁiﬁ@%ﬁU@Aaw~7t,%:m-%z
HEOAKA ) 7 57— T D 2 T D~ 7= DS T o

ORI X o TR ST =Y. b3t
FHFEEATEHIR IS5 2 2 O TN L 72~ 7= D) R IR
L, ZhZho~ 7~ ICBT 255 1LFEH 0@
Lo TR 41EZ TR T 2 4 O~ 7~ SR S
nrr#zons. ”mwm’owf%fﬁé’k
1, LRI Si0, B EDENKE LS Wiz
R Tldd 575, Si0, ZILK2 514, E?&Iﬁaaffﬁﬂfé
LERA N Z TRERHILOREC TP TFES L
5.

6. b IC
R EH S CHE— ORBRUR KILTH 5 =HKILGEE F—
A@ﬁ#TL4O®F~AT%&éﬂéﬁ ﬁﬁ%ﬁ?
AALFENE NS L, 4 DO L7cESE F—
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Eil i
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