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Tephrostratigraphy and Eruption Style of Mashu Volcano,
During the Last 14,000 years, Eastern Hokkaido, Japan

Hiroshi KisamMoto™®!, Takeshi HasEGawa™, Mitsuhiro Nakacawa™ and Keiji Wapa™*

The eruptive history of Mashu volcano, located at the southeastern rim of Kutcharo caldera in eastern
Hokkaido, Japan, has been divided into three stages: stratovolcano building, caldera-forming and central cone
building. Tephrostratigraphy and eruption styles of the latter two stages were reinvestigated in conjunction with
petrological analysis. We found new evidence of several eruptions from the volcano. These data, combined with
recent *C ages and the presence of wide-spread tephras, allow us to evaluate the temporal evolution of eruptive
activity and styles of Mashu volcano during the last 14,000 years.

After the formation of the stratovolcano, activity of the caldera forming stage started with plinian eruption
(Ma-I) about 14 calka. Approximately 7.5 cal ka, climactic caldera-forming activity began with a phreatomagmatic
eruption (Ma-j) followed by plinian falls (Ma-i~g), and a catastrophic pyroclastic flow (Ma-f) occurred resulting
to the formation of the summit caldera, 7.5X5.5km in diameter. Total volume of the climactic eruption deposit
is estimated to be 18.6km®. Temporal variation of pumice/lithic fragment and white (silicic)/gray (mafic)
pumice ratio with eruption sequence suggest withdrawal of a zoned magma chamber with more silicic magma
overlying more mafic one through the newly opened and enlarging vent. In the central cone building stage, at
least eight eruptions (Ma-e, Ma-e’, Ma-d, Ma-c4~-cl and Ma-b, in ascending order) have occurred repeatedly
during the last 6,000 years. The latest eruption (Ma-b: ca. 0.9calka) was the largest one in this stage.
Although most of the tephra layers in this stage are composed of pyroclastic fall deposits, thin pyroclastic flow
deposits can also be recognized from the two eruptions (Ma-e and -d).

Juvenile materials in the Mashu tephras are commonly pyroxene dacite (SiO,=64-72 wt.%, K,O0=0.5-0.7 wt.
% in whole-rock compositions). The pumice of the caldera-forming stage are nearly aphyric (1~6wt.%),
whereas those of the central cone building stage are more porphyritic (13~24wt%). They can be also
distinguished in SiO,-oxides diagrams.

Most of Mashu tephras consist of gray fine ash layers including blocky lithic/pumice fragments and
accretionary lapilli, indicative of magma-water interactions. In the case of large eruptions, such as the climactic
caldera-forming eruption (Ma-j~f) and Ma-b, eruptive styles changed from the wet to dry due to increase of the
magma/water ratio. The long-term magma discharge rate was 0.8 and 0.3 km® DRE/ky during the last 14,000
and 6,000 years, respectively. Mashu volcano can be interpreted as one of the most productive and active
volcanoes in Japan during Holocene.
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Fig. 1. Index map of the studied area. Points and numbers indicate the localities of columnar sections and
samples. Lakes are shown by shaded pattern. Double circles indicate towns. Solid triangles show
summits of volcanoes. Contour interval is 100 m (dashed line indicates 50 m contour above sea level).
Longitude and latitude (WGS) of type localities are as follows; Loc.1: 43°35'7"N, 144°37'54"W; Loc. 3:
43°33'56"N, 144° 38'52"W; Loc. 25: 43°32°00"N, 144°51'26”"W; Loc. 46: 43°38'13"N, 144°30'17"W.
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al., 2005) Z A\ 7z,

2. MESIUVERITHEICK ZHEHRE

FERI AL, TR K LFE BRI, R R A R
Y1 (BT« 1E#E 1963) 2HEE LOsksns, ERK
B 20km OREEXKILITH 5 (B, 1955). [LTEEBIC
BEEA VT IHH D, ZORHEBICIEA 64 X7 ) h
gk O (B 858 m) A3, VT SHfICiEh &4 & a
BinEHIEESFAET 5.

Katsui ef al. (1975) ([ZEERKILOER %, BJEKILIE
B, v SR, ok ORI X L,
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Fig. 2. Schematic column and representative radiocarbon
dates of Mashu Tephras and Lavas after Katsui et
al. (1975, 1986). *: New radiocarbon dates by Itoh
et al. (2007).
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Fig. 3. Correlation diagrams between loss on ignition vs representative oxides (ALO; and K,0). Regression

lines are also shown with each unit.

Coefficient of determination: (ALLOs;) Ma-/: 0.88, Ma-i: 0.63, Ma-h:

0.69, Ma-g: 0.78, Ma-d: 0.31; (K,O) Ma-/: 0.80, Ma-i: 0.17, Ma-h: 0.55, Ma-g: 0.62, Ma-d: 0.19. The

errors (20) are in the range of all plots.
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Fig. 4. The schematic tephrostratigraphy above Ma-/
in the studied area.
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Table 1. Summary of eruptive units. Facies; Pfa: pumice fall deposit, Afa: Ash fall deposit, Pfl:
pumice flow deposit, Afl: ash flow deposit. Types of lithic fragments; Gd: gray-colored dacite, Ba:
blackish andesite, Al: altered rock, Ob: obsidian. Types of pumice; Wp: white pumice, Bp: banded
pumice, Gp: gray pumice. Mineral assemblages of isolated crystals are shown in parentheses”.
Grain-size divisions are those of Wentworth (1922); m. s.: medium sand, c. s.: coarse sand.
Eruption | Type . . Thickness at | Volume | Grain size Types of Types of Mineralogy
Stage unit locality Subunit | Facies type locality (km®) (max.) lithic fragments | pumice (*=isolated crystals)
46 Ma-bl Pfa 20 cm 2cm Gd, Al Wp Pl + Opx + Cpx + Opgq
46 Ma-b2 Afa 8cm m.s. Gd, Al Wp (P1+ Opx + Cpx + Opq)*
Mab 46 Ma-b3 Pfa 10 cm 4.6 5 mm Gd, Al Wp Pl + Opx + Cpx + Opq
1 Ma-b4 Afa 1S cm m. s. Gd, Al Wp (P1 + Opx + Cpx + Opg)*
44 Ma-b5 Pfa 2m 20 cm Gd, Al Wp, Bp Pl + Opx + Cpx + Opq
47 Ma-b6 Afa 2cm ? m. s. Gd, Al Wp (P11 + Opx + Cpx + Opg)*
Ma-cl 1 - Afa 3cm 0.005 m. s. Gd, Ba, Al - (P1+ Opx + Cpx + Opq)*
2 Ma-c2 Afa 6cm 0.02 m. s. Gd, Ba, Al - (PI + Opx + Cpx + Opg)*
g 2| Ma-c3 1 Afa 35cm 0.26 m.s. _ |Gd, Ba, Al - (P1+ Opx + Cpx + Opq)*
= =2 Ma-c4 1 - Afa 40 cm 0.21 m. s. Gd, Ba, ALLOb |- (P1 + Opx + Cpx + Opg)*
= E Ma-d0-f/1| Pfl 20 cm 8cm Ba, Al Wp Pl + Opx + Cpx + Opq
© Ma-dO-fa | Pfa 3cm ? 1.5cm__ |Ba, Al Wp Pl + Opx + Cpx + Opq
Ma-d 1 Ma-d0-f/2| Pfl 10 cm 1cm Ba, Al Wp Pl + Opx + Cpx + Opq
Ma-d1 Pfa 15 cm 032 4cm Ba, Al Wp Pl + Opx + Cpx + Opq
Ma-d2 Afa 13 cm ) c.s. Gd, Al - -
Ma-¢' 3 - Afa Scm 0.01 I cm Gd, Al Wp (PI+ Opx + Cpx + Opg)*
Ma-el Afl 20 cm ? 1cm Gd, Ba, Al, Ob Wp (Pl + Opx + Cpx + Opq)*
Ma-e 3 Ma-e2 Afa 10 cm 027 C.S. Gd, Ba, Al - -
Ma-e3 Afa 10 cm i c.s. Gd, Ba, Al - (P1+ Opx + Cpx + Opg)*
9 Ma-f Pfl >15m 9.7 20 cm Ba, Al, Ob Gp. Bp, Wp |Pl + Opx + Cpx + Opq
Main 31 Ma-g Pfa 75 cm 6 cm Gd, Ba, Al Gp, Bp P11+ Opx + Cpx + Opq
< op| caldera 20 Ma-h Pfa 33 cm 8.9 5cm Gd, Ba, Al Gp. Bp, Wp |Pl+ Opx + Cpx + Opq
5= | forming 6 Ma-i Pfa 120 cm ’ 30cm _ [Gd, Ba, Al Wp Pl + Opx + Cpx + Opq
S E 20 Ma-j Afa 18 cm c.s. Gd, Ba, Al Wp (P1+ Opx + Cpx + Opg)*
Ma-k 20 - Afa 22 cm 0.46 C.s. Gd, Ba, Al, Ob - (P1 + Opx + Cpx + Opq)*
Ma-1 18 Ma-/ 1 Afl 15 cm ? 5 mm Gd, Al, Ob Wp (PI + Opx + Cpx + Opg)*
25 Ma-/2 Pfa 155 cm 6.6 8 cm Gd, Ba, Al Wp Pl + Opx + Cpx + Opq

D, IREOWERFA 44 ~, BaZls, Af~Eno
EEEMERS 5N, EEEFEIC FEBicg v, Ko7
494 RO FrIEEL, FEEINAMTOE)F 1y
7R AR, SRR EEsZ LR H 0,
LIBLIERABICRTA A4 VEER EREDH 5 2558
HoNs, flaEbeERBEAEKIIKOPREFERTH
3. AEOEHEEZ 0.7km* TH 3.

ERETEARE i (Ma-i) (B (1962)

Ma-i 13, BTG EZO FEBICEAET 2 2~3 DK
WIKE CKILGREZES) »hois. At ~EN
BTh b, AEERICEAKOEET S Maj & D
BERIIBHECTH . Loc. 6 ICBWTIEEL 120cm T, £
4 2 KILIK « KILEABORES 3 AL, S 2em, 10
em ThH 5. EFEAIFRE Y TROABEAGH S5,
N0 REEE S AL ER L, BT IRE 30 cm
EHA, WEREOEBILL ZEALEL LN S, AES
R OEBIE IO Maj L[ERTH 5. BAICEENS
BESRSEYNIRHE G, AU, BURMEG, RO AEHHGL
YIch 5, EHREIL 4.0km® T, BT SIERETRY O
BENKPEY 72 = b O TRATH 5.

EEEE TEEAE h (Ma-h) (B3 (1962)}

Ma-h 13, RO S L, Mad & HATHIRI LT 5

TEMNSXBIEN S, Loc. 20 128 2/EE 13 33cm T,
AL 5. FRIKECA CEIRIE 1.5ecm) DIEnIL,
B KEEGETHThIPcEd. BRERAE Y Y
KT, R 1 Ma-i O HEEAICHAT, SR/
&< (KR 0.5mm) FEAMBEO, FEEH OB T
(LD Ma-i E[AfRCH 5. BEAICEE N 2 BRI, B
G0y A TICBDb s FREA, RUEA, BIRbEEA, X
OB TH 5. =T 1.0km> TH 5.

ERETEARE g Ma-g) {3 (1962))

Ma-g %, FALO Ma-h X 0 b flic o Eim%
ol TRAaETh 5. IKEEOOEARE DD, ke
AbaEnsPAERGEEENLV. GEEH OFEHE
3 NALD Ma-h E[ERETH 5. Ma-h & HATRRITHIE
MARKEL, ToRFEEEOHIHOEVITE > T Ma-h &X
FEINEH, TOWARIGHFNITH 5. Loc. 31 TOREE
& 75cm ©, FAMRALT 5. JKEERA ORI 2
ecm T, Ma-h OFFIREEA X D & & SICHaABEN, AE
FEELEHIC X - TR AE 2 280820, BAIC
EENSPRIEYNE, BAoHIc & o IREA, B
B, HRMEG, MOANSIHILYICh 5. MEHREE 3.2
km®* Th 5.
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Fig. 5. Selected columnar sections in the studied area. Locality of each section is shown in Fig. 1. Ma-b~

Ma-I are abbreviated as “b~1".
Rishiri pyroclastic flow deposit (Ui et al., 2001).

EREARHEEY f Ma-f) {BH (1958))

Ma-f 13, Ma-g %5 5 AR O KRR CH 5.
FEBOMIAL S K & EE ORI B EEiIc KB T & 5.
HIF - i (1953) 13, FiiE % Ma-f3, &% Ma-fl & L,
S SICHEOMICA 5N 5 RISCHER O FE S 2 RO EW
g% Ma-f2 & L7z, R8T Maf2 2385 C& 12
notztcd, T T Maf3 & Ma-fl IZOWCid#kd 5.

Ma-f3 &, B A VT 5 B0 R c ki
JEHERE L, RIEECRFEE A VT 5 8L & D54 bk

Ap-pfl: Atosanupuri pyroclastic flow deposit (Katsui et al, 1986), Rs-pfl:

FCHHT %, Loc. 9 TOIEEIG 15m VL ET, ZHDK
KRR Z=&0, A, by 4 X0, KKy
7R HEERROERR D 5155, BADORE T IEIK
R GTH 505, WK EREIKED 515 2 FERE A0k
ML L ARG b I DITHFEET 5. BOONgH
B3 4em ThH B0, KX 20ecm KOBAD LIE LIRS
N5, IKEEOOREE, MO Ma-g &0 BV, K
JBRRERNAOBITVHESR &4, T o FRA~IKE
oG LE, BEaBI0RBEN S5, OBEH
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Fig. 6.

during the caldera-forming stage.

The schematic column of pyroclastic deposits

The horizontal

extents of beds are proportional to grain size.

DEAKLEEIE 8em T, BIESIIHAK 1.5cm TH 5.

Ma-fl &, BEISIRGIEE 2k, JLidflEHs, 75k
FER NI O ILFIPHIC i 5. £ DFEIAT Ma-f3 %
o THEREL, RIfR&E @D 5 3 EXBITE 205 i
OIS EAfY 7o —2 = FERIZED SN
O, GRS O Loc. 3, 69 75 & T, Ma-f3 23RaL,
Ma-f1 /% Ma-g % E#:7 5 OB TE 5 (Fig. 5). Ma-fl
IR K LK & 870 & 75 2 IR OB WE T, 2RI
B %2z g E229 5. JBEI, Loc. 9 8L Loc.
69 (BT I o TN 15km & 60km) T, TNZT
N20cm BL U 15cm TH D, Maf3 ELLRTHE M ICE
B2/ NSO, A ORARKLEEIE Loc. 9 T 5cm, Loc.
69 Tlem TH 5. Maf3 ICH~NTEA « AEHERICZ
L<, MRy 4 X0 H 5 2EAIKICED. £ ofth
DE#IE Ma-f3 E[EIRETH 5. fER, KRHmHERY) & i
TV B8 (B - fth, 1986; 75&), BEE (2003) (&
BORLC OB FKIIKEHB LT Y, AEOHER -
TS 2 55 L MRET T 208 d 5. Ma-f OB
LICEENDRREIEE, B4 7Ick o FRER,
RIOTHEG, HRMEL, ROAERIYICTH 5. EHEE
Wtk « fih (1986) T/REN TV B Ma-f3 & 1 OHEEN T
HREZEAWT, 9.7km® & W2 EBE SN,

414 EFHIFSERBELYOERDEL

Ma-j~f OFHEH EOEWAERNICHRETT 2 700, i
B0 5 A4 7 LI ZEALZNIE L7z, Loc. 25128V T,
H 7=y b T EITRIEE 2.8~22.4 mm DikE}A 500~
1000 g #RHL L 7= (Ma-i, h, g TII&HEE L« th« T
WS, o okt A EN TS - RS B, WIREE
WL EEEN XD, SOG4 7L
WWHL, TnThoglsEm% TR L 72 (Fig. 9).

& NLOD Ma-j 13 KEBSY (>98%) ISAE SR 6 15
o, fRESICE RS N ZRAE KUK T XTHER
ThH 5. Ma-i DBEARATBEKEGDAT, K MiTZO&E
Wi 6a%ch s, EERCmED > THERBEOGHEML, 4
BEERoRIEECEDT 5. & 51 BALo Ma-h T,
ZO NETHEEAAD 14% & ZRL, FETRALERA
HEFEnLw, b i HE—HKEOFRRE A D Hilk
L, KA E X CHKE—REIK O ORHRE A & BT
5. AEAEHROBIERSE, Mah TR, B O Ma-i
&I 3%) L b2 s, LEcmE» - TN
43 (6>13%). {RD Ma-g Tld, F(i®D Ma-h THfEL
e AR EORHRB OIS 50, IKEERGKY
ZhE» 5, GEEROREIE O Mah i B L Do
DIz, Ma-f3 T, KA 49% ik b 20, B
JK—IEIK B DFRIRE A & I Z < (12%), AtaiEa b
b Q%) T 5. £ LT, AEEHOREE D
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Fig. 7.

Ma-g fg_EEfictb T2 d 5.

42 HRAOEFRKER

Aok O R i > W, B 7S RO+
KX % Fig. 10 12, KM= MBI B K
DHEIERA Fig. 11 1Z/R9.

4-2-1 ERKPHERY e Ma-e) (B3 (1962) EBESR
JEEJE KL LRI 10~20km DFGPHICH TS %, BHIKE
~IKtgtE ORI 4 XD KILKETH % (Fig. 12-a).
FRLICH 15em OEEAIEAN LT Maf 27 S, ek
BN K EBER SN TE R, A, 2o BAnick
PR 288k L e 2 & En S, KEE FA» S
Ma-e3, €2, el D3DIcH 71 = FXHT 3

Ma-e3 13, FIKOTHRED Y 4 XD, SEITkEd 24
NAIKT, KILEAZET. BERH L4 X7 hd
KITEFEE S D Loc. 3 T 10em, JL/5® Loc. 50 TlE 5
cm Tdh 5. Ma-e2 (FHEH AR 14 XD T KL
ke, HKE~KEEEZZ L, JEEI Loc. 3 & Loc. 50

Isopach maps of pyroclastic fall deposits during the caldera-forming stage.

Thickness is centimeters.

TZNZN 10cm, 35cm TH 5. Ma-e3 & e2 DEETEIE
DEFBERIL, R EIT D2 oOFEER> X 51
RZ %75 (Fig. 11), Z1id Ma-e3 O/ Fllihspa iz,
2 D NEFILITEVWT W b EEZ SN D, Ma-el 1
JBIE 20cm, BRIRMEEHET, R MRS ~ kL
WA XD KILKD» 515555, 1lem KOHBES 7z M
Bh - AEENDPEAEL, KEEY, R ISR
ThH - EAHLEE STV WA, EEOKLS 5 R -
A LEENIROADEEN—HETH 5 T La)ikd
5 &, KIWHRHERE < b 2 AlEEED = .

Ma-el O HEREAE, ££0.2mm EEOREA « Hif -
RSB OB 2/ D& &, Ma-el~e3 [33@ L T,
IKEOREG T4 34+, BEZIEKRUEE « HREOZE
EaaEas, Mael ZEFMNICERE 28T, 74 ¥4
MEHET, Ma-e2 22V, HE~FEE 0SS
Ma-el~e3 ICHli L T 51, DA EDLE REA
OWFEERETH 5. Ma-e2, e3 DFRIEHIEIZ 0.27km’
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Fig. 8.
the main caldera-forming stage.
and close-up of Ma-j and the lower part of Ma-i
(b) at Loc. 25.

Field occurrences of eruptive deposits during
Overview (a),

Th 5.

422 ERRETXILUKE e (Ma-e) (FFn)

AT Loc. 1 XU Loc. 3ICBLWTRHBENFKE
~IKIBEo KILKETH % (Fig. 12-a,b). FALIZ[EER
3cm ORBEOAIEAPRA T Ma-e 27, EALICIEERN
Sem O B THAA T, RO Ma-diZEDN S,
Loc. 1, Loc. 3EBICBESecm T, =V hb e Xy 74
YIS B k&<, HHRID~ S A XM - 7
HEER « BE~ Aol REFIAE T 20, &
KFE1em OFOEObEEN 5. B Mael DT 1
L BRSSP PRE CHREOZ VD, 2 ORI
FLThs. AEER EOETNICEEEZ T KB
LGFA S A PR % ED B, (- BLOEES b
DEEEND. ERHEROMA G DE S Mae LT

b5, ULoSH - HEidiisLUEF S, Bilor s
2R At thoek O FEsdlio 7 7 5 LHlT 2 2 &
M5, KEZA LA R T quek R o /N 72 15
KickoHE LB IFF 75 &2 005, BHER
0.01km* FEE L RfEb oN 5.

4-2-3 FERKPHEREY d(Ma-d) (B3 (1962) EBER

K, TALICH Sem OREOAEEENE L T Mae' %
O KWHEREY)I T (Fig. 12-b), # 44 X 77 ) diduk [
BB ICo il F5>. ek, MEyo&Evicky,
fimHMad2 & -dlD2oDF 7=y MZHTHN
Tz (3% - fth, 1953). &lolFi7cic Ma-d1 @ _EA7IC 2
J& D KHERHEREY) & T e BB kLKA /i L
7z, & OFER Ma-d %, T/ 5 Ma-d2, Ma-dl, Ma-d0-
12 GFrFR), Ma-do-fa GFrfR) % L C Ma-dO-fl1 GHifR) @,
55o0% 7= MHIS L. Ma-dO-fI2 2 OF Ma-do-
fa |3 Loc. 1 ©, Ma-dO-fl1 (Z Loc. 1 2 UF Loc. 3 CTHH
AN, PITFICRYT Ma-d OE0H#kIE, ISR S
NTVHVRD Loc. 1 DD TH 5.

Ma-d2 (375Kt~ K8 (0% 4 2 FLRL b ~ fl g o 1
ZORETNKIIKT, REPEHEO R 2 TICBE L7
B owdEr 515, BRI 13em T, HEPIIEARE
SOIKEOIELTA 4+ EFRBEOEEETHS. K
@FA A N EHES S S RE T, BRI E N
7 Vv—7RTHB. SGENLHRE, RER-HEEE
FUORBYPEITHY, BRI TOF T 47497
~nATaE) Ty ZHBERT. 72 Ma-d2 i3
KNG AEWDEEENS. Ma-dl 39PEEEE L TR
BAmU s Ao TG T, EEE 15em, B0
ARG 2em TH B, AR LT 5. REOBES
ZIER KRB 1em) 2 FETE < &0,

Ma-d0-f12 (&, TIEE &% NS 4 EDE Ma-dl 2F 0,
Ma-dl, d2 kD $EEZ(PKEV Qem~IK 10cm
FERL I, BRIR ik E <, KLIKAE i (il
BOSEAES 5. BABHEELZT, AR lem TH
5. AEEFCREOZNGEEEEENEZEENS.
Ma-dO-fa (3, HEHIAHS Ma-d1 IZFELLS 5038, K O fIRL7s %
TRAT, EER3em BAGATDTEIRZER S mm
TdH 5. Ma-dO-fil (F, Ma-dO-fI2 I EHHSELI 5 75,
HERAE X DR CEERE 3em) < B LT
%. B2 20em TH B, LD Ma-d0-fa & OB I3
BHTH 5. FERICIIHRLS A EE R 2% 2. Mad
0-f12 38 K U fI1 HEREIFIC SR T db - fElidE 51T
Wishs, BEHOKLT S 2 iR EEENBA
DEBEN—HETHBE I EBENS, KRR cH %
LEZoND. RBEICEENIBRAOHR IS L TR
Eh, RAtEA, HEEA, MRSV TH 5.
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Fig. 9. Stratigraphic variations of rock-type proportions (left), and whole-rock SiO, contents for juvenile

materials (right) during the caldera-forming stage.
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Fig. 10. Detailed information of type localities (Loc.
1, 3 and 46) for eruptive units during the central
cone building stage.

The geological column is that of Fig. 5.

Ma-dl, d2 OfEEHE 0.32km® TH 5.
4-2-4 ERERETKIUKE c Ma-c) {BH (1962) =5
EFx)

Ma-c 13, oo, 1EBOMK NKLIKEE L
TRl STV 345 iR « fth (1963) 1k %2 K - {th
(1971) T, 4 O[O KHEREY) (Km-b~Km-e) IZfH5 S
NTW3, AFFETH, Ma-d & Ma-b DEJIC 4 BORE
KILIKEHE8 % & 17z (Fig. 12-¢). T b 4BORIC
3, BRLESNETEZENS, LINTIE Mac % 4
[ElOMEKHEREY) & L CEl#id 2 (AL 5 Ma-c4, Ma-c
3, Ma-c2, Ma-cl). W bHIES 4 LI N o LAE5H
B XL OSSR 5755, Ma-c4~cl 1Tl3, @l Tk
BOFA A NVESRBEENED, NS A
S2ETHY, SREBEICHENS. BHREE FBE
G HOBLORNBHIEYI TH D, GEE AN T A
T4 T4 I~ A7) 5o 2 AfERT. £
HEEEER L, BEAZ0ACEARE b, LIFLIERAR
ICRTA A VEEFEEEON 5 ZANBEHONE. %
DA GO IHE U CREA, A5G, HRMES,
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S OASEIRL T H 5.
425 ERERETKILUKE c4 (Ma-c4) {FER - fh (1963)
BELWELRK « b 1971)}

KB H 4 X7 FBHI 15 km, FRICrEE S0
5, HIKE~IKIGEO PR~ 1 X ok T KL
IKIgTdh 5. ThicEES X% 3cm 0BG LA
TMa-d %2785. Loc. 1ICHBF5EEIF40em T, i
CEBFVEREED S KIIEAbEEN S, OEAEN

Isopach maps of pyroclastic fall deposits of the central cone building stage.

Thickness is centimeters.

BFEZWIEE, IKBOMAFA 4~ BEELE A
B HEOEHEBLORBETH 5. BELZEE T
W, IKETA A P B B oS, EHER
021km* TH 5.

426 EREMETKILUKE 3 (Ma-c3) (HER - fih (1963)

BEWELAK - fib (1971)}

A A 64 27 FA% 20km 12539 5, HIKEG
~IEIK Dk i ~RABR D 5 4 X O N KILIKET D
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Fig. 12. Field occurrences of eruptive units of the central cone building stage. Ma-el~e3 and overlying
Ma-¢’, separated by thin humic soil at Loc. 3 (a). Ma-d consists of alternate of pyroclastic fall and flow
deposits, at Loc. 1 (b). Ma-cl~c4, in descending order, each separated by paleosols at Loc. 1 (c).
Ma-b is composed of three pumice fall and intervening two ash fall layers at Loc. 46 (d).
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Table 2. Summary of widespread tephras in this studied
area. *: Soya (1972); **: Furukawa et al. (1997);
*%%: Hayakawa and Koyama (1998); ****: Machida
and Arai (2003), Furukawa et al. (2006).

Thickness at

type locality

3em

Type cry:
Name locality Color Isolated crystals Age

1739 AD*

1694 AD**

Not found (vitric ash only) 946 ~ 947 AD***
2500 ~ 3000 yBP**s#*

Ta-a 42 yellowish-white
Ko-c2
B-Tm
Ta-c2 4

PL Opx. Cpx and Opq

42 yellowish-white Tem Pl Opx. Cpxand Opq

41 white 0~1cem

yellowish-white 10 em PI. Opx. Cpx and Opq

5. MrLicEEB X% 5cm OEM A~ A T Ma-c4
5. Loc. 1 IZBJ B/@E1F 35cm T, Ma-c4 EalkE,
T%Ti%@%m&AMEE@mbbhé.$Ei,T
gk, i cHkE, I TRIKBEERET S,
BEFRZOIEC, KEOG 74 54 &, BREZE
A« BOoEEETH S, 0 BLE « BEEH
F TN 5. WL 0.26km’ TH 5.

427 EERRETKILUKE c2 (Ma-c2) (R - fh (1963)

BEWELAK - fib (1971)}

AJGEEICH L4 X7 )RS 10km OFIFHICH A
453, TR~ HR Y 4 KON KLKETH 5. T
MicBEBLZTScm RO 1IEEA T Ma-c3 %78
9. Ma-c4, Ma-c3 E[EBfIcEHIREE~IKEAE 2L, Loc. 2
TOEREIR 6ecm Th 5. GEEH OFEHIE Ma-c3 £[F
CThsb. HEHET0.02km’ TH 5.

4-2-8 ERERET KILUKRE cl (Ma-cl) (R - fth (1963)

BLWELRK - b 1971)}

ARJEE Loc. 1 JxT Loc. 2 ITBWTED SN 5B, K
ki ~HKED Y 4 X0 FKILKETH 5. L
ICEIEH Secm O 2@t EAA TMa-c2 2% . EIE
d Loc. 1IZHBWVWT3cem, Loc. 2 T2ecm TH 5. ABH
AiE, gt - gaoZ gtk cREeLiEn% <,
K74 44 bbb EEEN S, HHEIH 0.005 km?
&Eﬁﬁ{)ﬂf:.

429 ERERET KEHEREY b (Mab) (BH (1962) =

BES

AL S MR EHIKBAKIKOEE,» S50, T
IZ# 5em OEMO LA A T Ma-cl 2 5. B (1962)
IO I 5 Ma-b5~bl D% 72 = MiTHT oh
THD, Mabs5, b3 &bl (M A, Mabd4 KU b2
3§ N KILIKTH B (Fig. 12-d). Ma-b5~bl D434 il
7=y MTX > TEKD (Katsui et al., 1975), T
G SlEicdt, FAs, P4, FER, PEARITH 5. AL
T3, Loc. 47 I2B VT, Ma-b5 O Mo HE#EEH & ¢ F
KD KIKIE (Ma-b6: HiFR) 2 HH L Cho
Ma-b6~bl (T3l L THEOEA (F 72 3BEAE KL

B i -

FRITDESL « FIHEE

O EREERMNEEN, AEST RIKEOMES T A
A~ ESRE - BEOEE SN 5155, Ma-b5~bl OFAIE
HIEE, B - fth (1986) OFEERZ VT, 4.6km’® &
BHH L7

#72=y b OFT Ma-b5 B OHEEAKE L, BE
B KLIEEE D & R 221 TIL L 2344 5. Loc. 44
TOREEE 2m Th 5. BAOADWIFRERE 3em, HARKL
£lE 20em T, £ 10cm Z#Z 2B A ENE IR ORI L
?5.%6@,x£y9ﬁ~%ﬁﬁ69@%6w%<,i

ICHEIEA LD FRABBEOVEREAZET. Mab3
&U‘ Ma-bl IE, Loc. 46 IZB I 3EENZTN TN 10cm,
20cm T, HEEGHAKESE LD, 05 OFIFRR
FZNZTN2mm, 1cm THAS. Ma-b5, -b3 8L -bl D
BhEmRIcrEL, fEA, BRNEG, KOS
FIRY =X o0

(& N KILKE T % Ma-b6, Ma-b4 Sz T¥ Ma-b2 I3,
b ~FRIib o 4 X OFIKE~IET KK TH 5. %K
EDEIE I, Ma-b6 75 Loc. 47 I8\ T 2cm, Ma-b4 73
Loc. 1IZHBWT 15cm, < L T Ma-b2 (3 Loc. 46 ITH WL
T8ecm Thb. INLIFVWITN G AEER &R
BLOBOROBAEKINIKN S8, AEARTHS
IKEET A A NSRS EIC E NS, COETEEE
LN RHE G « B - ANBIHIEY 2 & A, R IEEEE
THAATeEY) T 4w 7 M ERT. SR AR
G, ML, BURMEG, RONEH» S0, B
C~FEET, LIBLIBZOREBEBICIET A 4 NEH
FrefEn A s 2hED 5N 5.

43 AXUHBRICHHTILET TS

AKXt Ic 4 B eitt oI 7 50,
(1989) IcHESWTREE L, kil 5 2Rk A VTt
% HEER L 72 (Fig. 13). AHUE D Ko-c2 (a7 i
J8) & Loc. 2 &2 0¥ Loc. 35 128\ T Ma-b @ LI g
skl cd 5. B-Tm (FEALEIED 1% Loc. 20 IT8
W Ma-b Mo 5, Ta-c2 (EREIALEDED (& Loc. 4 D
Ma-c4 Fim 51872, Th o kily 7 24, &L
W77 soWMEHE T 5. LT 7 5 05EHE
Table 2 I/~ L 72,

5. BERFIEE

51 REEkUVIpHEAEHE

# VT FIEBIALIEOER 7 7 1%, LI & BRIk
YnortEa, RUrEEA, BRMEG R OSSR = &8
TAHA P TH B, RO EHEFEAOE I, %<
e A5G L BRIGEAD AP L 0 (Table
3). FEUHEK2=y MIEHEOBAS A TREENEE
BTH, 74 7K AHEE - SYE— FllkoRE I
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s T T T T
O B8Tm (Loc. 20)
5 | B Ko-c2 (Loc. 2 & 35)| |
a Ta-c2 (Loc. 4)
g‘\; 4k Mashu tephras
E. B-Tm (referenced)
Q& Ta-c2 (referenced) |
a-c2 (reference
x
2 th Ko-c2 (referenced) B
P G
1} 4 A = -
0 | | |
0.0 0.2 0.4 0.6 0.8 1.0
TiO2 (wt.%)
Fig. 13. Glass compositions (K,O-TiO, diagram) of

widespread tephra layers. Compositional ranges

presented by shaded pattern are from referenced
data; Ko-c2: Tokui (1989), B-Tm and Ta-c2
Machida and Arai (2003), Ta-c2: Analysis of
proximal deposits of Ta-c2 at Tarumai volcano.
All data is normalized to 100% anhydrous.

BEOEZD SNEV, AT SR & ok O ETERR
B T RBEEICEVLED SN, HIVF IR
W W) Ma-l, Ma-i~f TI3BEEED 1.0~62wt.% TH
B DXL, thoek O ERE HY) Ma-d 13 12.9 wt. %,
Ma-b Tl 18.2~23.5wt.% &, ¥ L VIEHYIZ E B E
N,

52 @EBIVARENS R{LFEHERK

BV T ZIEEIALREDER KILD 7 7 513, &% Si0,
=64.3~71.7wt.% (KT 100% 25, LIREE) oF
A A b ~TFEECEE T, Gill (1981) OSETIRESD ) »
LRYNCIE T % (Fig. 14). ~—H —K ETIE, Si0,mD
BT LT, TiO, ALOs, FeO* (£8%), MgO, CaO £
£ U MnO [FEDHEEZ/RL, ¥ Na,0 8LV K0 (F
IEOMBZRT. A VT SERBEY RV, K8
K= FZSIO BT 1wt.% FREOHIERH 5. —
F, EAVF I EREHYIE IR E LT, Si0, 45 68.0 0
5 71.6wt.% TH U, EREF 7 5 O cIdHARIRD L.
LkTAHBE, K0 % FeO* DN—H1—KTld, 125D
BRI N LY FEEART 555, TiO, © MnO TIIMEK
1=y TSRO F + v THFED 5N B,
EHNF SEEEY TR 7= b THE R
FRENSLMEELT1I2D Ly FEERT 5. 6L
D Si0, B THIK L 72354, Ma-i, h 78 TiO, % MnO &
TMa-g, f LVPPEHWVEERT A, TOEREF, FHK

Table 3.
(wt.%) of pumice in each eruption unit.

Phenocryst contents and modal compositions

. Sampling | Pumice Phenocryst Modal compositions (wt.%)
Unit Tocalit: t contents
ocality P | (wi%) Pl Opx Cpx Opgq
Ma-b5 47 Wp 182~18.3 132 2.6 1.6 0.9
Bp 23.5 no data

Ma-d1 1 Wp 129 83 1.8 2.1 0.7

Ma-f 9 Wp 29 L9 0.1 08 0.1
9 Gp 1.1~3.5 0.8~25  02~04 0.1~04  0.1~0.2
9 Bp 28 no data

Ma-g 20 Gp 1.0~6.1 0.7 0.1 0.1 tr
20 Bp 59 no data

Ma-h 20 Wp 45 no data
20 Gp 3.8~52 4.6 03 0.1 0.1
20 Bp 48 no data

Ma-i 20 Wp 5.1 4.3 0.5 03 0.1

Ma-/2 20 Wp 49~50 39 0.5 04 0.1

2= O F v v IS EBH S IT/NE W,
GHA 5 ZHHEIE SI0, T67.8 25 75.5wt.% £ TD
HPHIcH v, 2EHkE D bILVHKIEERY (Fig. 15).
EHNF SEEEY ARV KL =y kT, Si0,
T 2wt.% LINOMERIED H 5. —75, EH V7 J R
HYDFARE LA, CohTyifloy 7=y FTH
% Ma-j 5% b Si0, ICE A, Ma-i, h,g & FfLicw<icL
P2 hS 5 TIREBIZ SI0, 12 Z L < 75 % (Table 4). %D
Ma-f Tld, FHERIEAKE < 18505, T ORISR
b @ 3 (Fig 9). Ma-e' &, HHOEAkL=y +T
b5 Mab 7, EFT7I50HTRSD SO, (wt.%) I8
i (Si0,=74.2~759%). &fkE LT, N—H"—-KEoD
MUYy R, MR A RS H D BRI LT B
5, Ma-b BEU Ma-e'ld, MgO B EIicBVWTioF 7
7 AR TS B

6. Bl

61 EREF73ICRHLNZERERXDEH

FERE KL D A v 7 S TERBHLIFE O 7 7 51 i3 d@d %
b 5. £9, HEPHEO/ NS WT 7 5 (P2,
Ma-k, -e, -’ £ Ma-c) &, HIKEOE N KILKD» S
0, NS IOESR SRS AT, BRESP
XEAS LELRED. HiEoREvwT 75 (PR,
Ma-l, Ma-j~f 3 & ' Ma-b) Tb, K75 MG ML
T, REEED KIS ERES 5. Th b ORIk LIRS
&, P THESERICES, SHEERLmcHE N
7 Lv—2ROWEWRIA AT AT &, KIEAEEL T &
BE, =7 IRERKURREHEEY O R (P12 13, Wohletz,
1983; 17T, 1994) 2F 94 %. Mak ® Ma-c IZlF, B50
=7 <P @h - B EED shisnws,
W 5 2AE~FRET7 L — 2RO F1 4 D H

ﬁlgl‘lkl



55

5.0

4.5

4.0

4.4

4.2

4.0

3.8

36

0.75

0.65

0.60

0.55

0.20

0.19

0.18

017

30 FEAEE « RO & « thIIDEsk « FHEE
0.80
‘ T T T T T I- T A ‘A “I T T T T T
8 TiOzwto | Ada44s CaO wt%
0.75 b A L C -
‘ ¢, Q
A .& %
*
X
070 | X o L “%( ]
%’o %, %%
(8]
0.65 | % " - % - -
Lt
4+
18 Z } t t } } + t t t t t t 1 <zt
:A AlLOswt.% | Na:O wt.% X & ¥
7l S i X, 1
A GO
te &
16 |
L A A
% Ap
15 b %( A
%Q: - i Y A ]
b5 S CHE
6.0 t t t t t t } t } t t } t t
sslad FeO* wt% | K:O wt.% %
As i Xﬁ*’%c}
50 F A ﬁ
esf %, ﬁ’%%
40 %@7
G I “ i
35 F g A
& At
Ay
1.7 t 1 t t t t } M } } t } } t
aafl 4
e w " MgO wt% | MnO wt.% _
15 | o
%’& Lk - l
5 - A
O Mab o X " 2
13 | Ah A, .%X
A Mad A g @ i
% Ma-f 8P
11 L] EEle Mag 8 X%e
52E[v Mah - -
EoZ e Mai & &
L]
64 65 66 67 68 69 70 71 64 65 66 67 68 69 70 71 72
SiO, wt.% SiO2 wt.%
Fig. 14. SiO, variation diagrams of major elements for Ma-b~Ma-i (bulk samples). All data is normalized

to 100%.
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16 - - - 6 T - - -
Al2O3(wt. %) . FeO*wt.%)
15 F * °f = E |
4
14 |
3 -
13 F
20 2k B 1
+ +
2 , 6 : : :
o CaOwt. %)
1.5 F 51 ]
* )4 * s
1F 4 a XEX
0.5} 3}
20 20
+ -+
1.2 : : : : 2 ' ' ' =
66 68 70 72 74 76
Q, .
| KO (wt.%) | SiOawi%)
08} a Ma'b
} 4 Ma-d
06| « = Ma-e'
v o Ma-e
0.4} {— ) x  Ma-f~j
66 éa fc 52 54 76 v Ma-/

SiO2(wt%)

Fig. 15. SiO, variation diagrams of major elements for matrix glass of Ma-b~Ma-/ pumices. All data is
normalized to 100% anhydrous.

E~FHEOEERPZHEEN, Cd< 7 <ok ARG ZERAICIEETERVLOT, 4EROFELVEA
& L 72RO AR (Morrissey et al, 2000) &HF#As  FHREISHKETH 5. HESS, B~/ ~0&kT
—HFTHIEhD, KEWELEEZONS., FEER  Alsninlienrd o, S5%oE2%ET 5.

B3, EAERICERS hizims F—odk) Th 3 FEE T 7 51, FMRcROoRls - BEEhIcED
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Table 4. Representative major element compositions of volcanic glass and whole-rock samples.

Unit Ma-/2 Ma-j Ma-i Ma-h Ma-g Ma-f3 Ma-el Ma-e' Ma-dl  Ma-b5
P,r,;n[::e Gp Wp Wp Wp Gp Gp Wp Gp Wp Wp Wp Wp
(wt.%) Glass Glass Glass Glass Glass Glass Glass Glass Glass Glass Glass Glass

SiO, 69.22 72.95 70.94 70.21 69.94 69.71 71.39 69.46 70.39 73.70 68.11 74.20

TiO, 0.74 0.56 0.62 0.55 0.58 0.66 0.49 0.71 0.69 0.54 0.67 0.66
AlLO; 13.58 12.94 13.53 13.26 13.72 14.05 13.02 14.36 13.06 12.89 13.38 12.95

FeO* 3.50 2.54 3.30 3.19 3.34 3.70 3.04 3.17 3.10 2.66 3.92 3.20

MnO 0.21 0.02 0.07 0.03 0.27 0.15 0.17 0.13 0.19 0.03 0.07 0.13

MgO 1.06 0.73 0.84 0.77 0.97 1.10 0.78 0.88 0.93 0.68 1.09 0.80

Ca0O 341 2.56 323 3.06 338 3.36 2.73 3.36 3.01 2.73 3.71 291

Na,O 3.72 3.60 3.61 342 3.67 3.51 4.02 4.03 3.79 3.40 3.67 3.58

K,O 0.65 0.73 0.71 0.71 0.62 0.71 0.78 0.71 0.76 0.76 0.58 0.74

Total 96.09 96.63 96.85 95.20 96.49 96.95 96.42 96.81 95.91 97.39 95.20 99.17

Bulk Bulk Bulk Bulk Bulk Bulk Bulk Bulk

SiO, 70.57 70.26 69.56 68.08 69.74 69.63 64.77 67.93

TiO, 0.67 0.68 0.71 0.75 0.70 0.73 0.76 0.68

AlLO; 14.44 14.53 14.81 15.47 14.86 15.07 17.07 15.16

FeO* 3.74 3.85 4.19 4.67 426 451 5.46 4.48

MnO 0.17 0.17 0.18 0.18 0.17 0.18 0.17 0.16

MgO 1.11 1.17 1.31 1.45 136 1.46 1.65 1.38

CaO 4.07 4.17 442 4.75 4.50 4.72 542 4.83

Na,O 425 4.23 423 4.02 4.16 4.22 3.63 4.03

K,O 0.69 0.69 0.66 0.62 0.68 0.64 0.52 0.62

P,05 0.18 0.18 0.19 0.20 0.18 0.19 0.17 0.16

Total 99.89 99.92 100.26 100.19 100.62 101.35 99.63 99.42

Bianed, InoREKIIOKESERIC K > Tl Frioc RS hic Mael BEISHILT 5 EEA 5N 5.

PrxnfclfAkP KEICHR T 2 EFA 5N 5. T DR
P, < 7 <HREFBZ SN B KILT T R .

—7, FEAT FIERETYI® Ma-b 72 & T,
BBV TIRADSER L, HrEED

Ik D
AR

BOBXUOTA YA VEER VBT 2 L0 5, KiE
DR S NIRRT 2 ICAREY 2RI S € 72535 S HERE L
tebDEFZOND, WHELRIE, HET 2 REY OB
mEMAEDLEDBEILT, KEFAREEART I EMD,
2D T R ORI EfRIC & B, B4, A
OB GARO 2N & A TREICHESE Y
DA T, ChEFasHo I EO RN EKE & Bh L
< 72 ens B & fckEE (B A2 1E, Heiken and Wohletz,
1991; Houghton et al., 2000) Efi#RTE 5.

< 7 EKITIKDBEE U 12338, = 7 = XKD E & H
2T 5 T Tk - THEEHOLEENED O, HEEYO
EHNZRICI D T EbIESNTw S (BA 1L, Wilson,
200D). TNHOFITE, K/ =<l REs5L,
R EAZE L 120, BT 7 5 24T 2 EEH O
i 5l LIE LIS KRS 2. B NG %
PED T, IREOE WKL K LK 572 5 Ma-e % Ma-c4,
c3, 2 DHFBEESIA A D &, NS IREEICE T 5
JRDFEEEZZ T L5 BAMERS W (Fig. 11). & -
TINS5, HIc~ 7 <8 n OkoBSEH
REWV), BEEEESEORWIEKTH > EHEHITE 5
Z U CARZE B 0D O FA T 5 KD, &

FiiA R, Lo TINLOEAKTI, HiELEbic<
7= OWRPEINL, BEEOLE e 7 ) = —XIEX
KHITLREEZ OND.

O LS IERKILORIK 1 4 THEROE AT
13, HREHNC~ 7 R IRRXUBHEC 5 T EMWRFR-ITH
% (Table 5). T @ & IFERKILA/KICE O S ©iF
LA EZRELTEBY, HETh2EVERKEG
RHEREI DM 7K ICE O RKIE & 78 > TV 2 AJREHEAE
AoNB. S5 VT T IEEIANIIHO Ma-k DI, <
72 KRR OF D EEE T A &5, TORID
KBS K Td 5 Mal TN VT S HER SR, 4
PIBg A v 5 5 T O KDSEFEINCHS C > TO7oalfE
HWnd 5.

62 ENNFSEREROEAHR LT T OER

CITREANVT IR KICER L, HEidELL,
. SATFENT =20, Ao L< <7
0t X A2F%4 5 (Fig. 16). FIHMOMY, EH LT
FIERIE KL, < 7 < KEKUREFE Ma-j) 2 SEAIE L /e,
AT S 3 FDRGET I, OV RIS AR D IR
LT E&RET 3. £/, B ELEERNEVE
&, BRA VT IBICEEEDBIMNED SN n T
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Table 5. Summary of age, eruptive volume and styles for each eruptive unit from Mashu volcano during the
last 14,000 years. PDC: pyroclastic density current. *: Katsui et al. (1975), **: Itoh et al. (2007). <:
alternative between the two sides. Calibrated ages are calculated by the program of Stuiver et al. (2005).
Stage |  Unit C Age (YBP) Age (calka) | Volume (km®) Eruptive style
Ma-b |980 + 100* ca. 0.9 4.6 Phreatomagmatic < Plinian
%" Ma-cl 0.005 Phreatomagmatic
5 Ma-c2 0.02 Phreatomagmatic
3 1700 + 100*, 1850 + 90* .1.6and 1.8 -
-“Z Ma-c3 ca an 0.26 Phreatomagmatic
S Ma-c4 0.21 Phreatomagmatic
g Ma-d |3660 + 40** ca. 4.0 0.32 Phreatomagmatic—Plinian®PDC
3 Ma-¢' 0.01 Phreatomagmatic
Ma-e [4720 + 40** ca.5.5 0.27 Phreatomagmatic—=PDC
g .%0 Ma-f~j 16510+ 70**, 6730 + 60** [ca. 7.4 and 7.6 18.6 Phreatomagmatic—Plinian—PDC
% g Ma-k |10130 £ 60** ca. 12 0.46 Phreatomagmatic
O & Ma-/ |11930 £ 70** ca. 14 6.6 Plinian fall=PDC
Ma-j Ma-i Ma-h Ma-g Ma-f
phreatomagmatic = —— plinian —  plinian — plinian —— pyroclastic flow
e S N
'r ‘-Lff ::._ i u_’: n’\m ’"‘7—»—’\2’,\" catastrophic
o P ol AN e BN ~
(( kd M;_',_.J N /\ ~ ey W_)’lj-:":'/ (n N
; \r‘ "‘f N T i
S Ty \m'lﬂj\\ " Uty 1\ e X r!,‘ %j
rr,”,f—'\\_\} \lf/f "\||||| | \\\ \ L P,
dor 210 W MY \ﬁlé ! Wi = F '.* A\
wel eruplion :,\_f*:i'::f’r{ J'I,I-' ol ’ dry eruption ! rlr:\ {, / "1,__??\&1;/:]‘]
i -4 A
vent opening stable vent caldera formation
white magma
gray magma
Volume ratio of gray magma inc —
Fig. 16. Schematic illustrations showing eruptive sequence with magma systems during the main
caldera-forming eruption.
& (Katsui er al, 1975) 705, RAICZEHROME (KE  OBMNAHEL, KHAPRELTVWLEIENS, D&
5) B L CKEEER L ol cx 5. RD SEERESFHEL, #vFsBERSNEFZ SN

Ma-i (4.0km®) Tld, BEAB2REE L, KLIEAIF R L
IFEELBWS ENS, BELIKENPSD T ) ==
BRICHITLIcEFEZ 5N S, RO Ma-h (0.98km’) T
&, EEcnEsR (BEZls - 2EE - IKOT A 3
4 1) DIRRWINT B EhD, HTFRDIGEILRIR
N5, BREL TG (87~94wt.%) D Eiiid
5DC, TELLT) =—RIEABHkGE L7 EEZ SN
5. Mag (3.2km*) Th, KEWS A 73T 5HD
O, FEER%ZHE 0t Liswr ) = — Rk % fkt
L7z, ZL T, ED 7 = —RXTH 5 Maf (9.7km?) (F
BiEhm b R&E L, AESR (LG - 2Es - BiES)

3. Iho—EHOBKERAELTAL L, GHEEHO
S Ma-g £ T HWIBRDERZ 72 &5 2 &0, B
FERIRER—THE T &0, VEODDKETED -2
WK & B2 THRELO.

Wiz, <7 <WEORETH 280 O FHE
5, ?777u4z7\’£%m@“5 9, flkEanr K
LBl Z:T:@“%M,J: Stk O = —KicB v
T Mai~f 3113 1 RDOEFE ML ¥ FEFEC T &0,
2%&%777ﬁé%ﬁif%5 WAL, 71471k
5 4 B ;al~qu@%xoﬁ%ﬁ&Abﬁhﬂ
BTd 20, HE~FEIR~IKEODIEIC Si0, BSR4
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(Fig. 9). =L C, —#HDEK %@ U THilicats, il
WRRkEA, BRI IKER A EHET 5. Do En
SHEKERNICE, IKEOHEE <7~ U, ki<
<:8i0, =69 wt.% Hijtk) &Z D Lo, LoEREELE <
7= (LIF, A= 7 <:Si0,=71wt.% Rijtg) » 515
DEODRE= 7 <O BFEEL TV EEL LN S,
BOIOH T 2=y FThHDHMaj T, <7 <kERLIE
ok - T/ =D FEoAf~ 7 < DR L
fz. RO Ma-i THHB~ 7/ ~DAHEEH T 555 Ma-h
oL cHEROGORNHDT S s, T
72 D% < 13 Ma-i THRH L7 EEZ 515, Ma-h Tl3,
<7<y FicHfm e < 2K L BB s, BELL
7)) = —RIFKIT K B~ 7 <0 FEEH» SO LI
LT, PR~ /<422 BH L. 2oL X,
K< 7 <3 Lot~ 7'~ EREHICES D H - T
WIREAZIER LIcEEZoNS. 20Kk LT ) = -1
MK AHkGE L, Ma-g RfD < 7" <D 14, DEOHD - B
EX TR ERBOIKBR S h b >TWkEEZON
5. Z LT, WEMEK7 = — XD Maf T, HIVFI
JERR A PEVISAS S, < 7 <0 OLEER» 5T XRTD Y
A 7D 7= aERRRCHE U ic EIIRT & 5.

18, Rofuk OEESITER, 2hE LK
BNV Y FERT V< EEHLTWBEZ &0
5 (Fig. 14), EEREXILTIR A VT 5% O KT/
T, vURRAE AN EELON S,
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DEFF(H

AIFZE I BER O 75 & Ak LT, R — SR
HIE DB EEX % VERY L 72 (Fig. 17). AMS EIc X 28 LW
ERAE (P « fih, 2007) 23 B5AIF TN O 2B L
Dioigim <, BRIEBEFEREHV S, foli 17 4 F4F
Mo 77 5 0REHYIE L 30km’ Ll ETh by, THEHL
D DI 134 0.8 km® DRE/ky (fEREY)%E (DRE)
LT, BIFEA=08g/cm®, KWEKi=1.0g/cm?, S
BE=25g/cm® ZKE) L7185, TNIEEHERII S0
BHAOEKLTE, Ekilokl 1 FHER (Eih,
1988) HHE KE ORI 1,500 HfH (Nakamura, 1964)
LRIETH D, JLiE CETNE SN 5 8HNLO &K
9,000 4ERT (0.5km*DRE/ky: 7)1 « fth, 2006) <At
By FE O &UT 2 HAER] (0.2 km® DRE/ky: 574 «
2008) &0 bAREW., [HUTFEIMNCET kL&KL
1IBA, EBRIKILE &N BB E TR 3,500 4F
R o 1 H % 53 0.03 km® DRE /ky T&H 0 (IR « fth
2007), BERIKILO R BNICEBIHERTH S, HILF
F Rk O ikt 6,000 4 € 1449 0.3 km® DRE /ky &
BLd 573, 20T bbigEs s & & [EE O TR
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Fig. 17. Cumulative volume of pyroclastic deposits
from Mashu volcano during the last 14,000 years.
The age of Ma-cl~c4 are approximated uniformly
as a mean of two ages in Table 5. The age of
Ma-¢’ is estimated by the thickness ratio of paleosol
layers between Ma-d~e¢” and Ma-e'~e.

Thb, ZOXIITHIOBAERLE WS HT, B
K3 EEHEEBLTEKLTH L EER 5.

Wi, BERKLOWEKERED? S, EHETF v v v L%
FEMT 5. 17 4 TERIIC, BHESK m® EES 20
FENLLEDKEKA3[E (Mal, Maj~f® & O
Ma-b), Z1 5D 1km? LU FDE K (FIEA) %t
L 72iGEEiAA 4 [nldb b, =D TH 1.6~1.8 calka DIE
i (Ma-c ) T3 el W EHEIRIBR £ BV T 4 [0
KSR RE NIz, AR T, /NEX (0.1km?
DIF) TH 5 Mae’ b#/I1cs83k L7z, 5l 6,000 R
TlE, NNEHLETEIOHEKNTAELTED, WA
FOFHBEIIDIE L HES > THTHIC 1 ETH 5.
Fi, AWED XS, Kilfkh» S 7o sz L
1G4 TR, Mae' D& 5 H/NEKETXTHRE LTV
HOHEEE b B D, T OHSEEIEENS S1cE< /R
Fbons 0K BHEKERESE Ma-b 2 SHTED
BBLTWA &, 2L T2003FIC i3 kLtEEsE
FELTWBTE (RRFF, 2005 HEAEFSTLE, th
ERC3, BEORIEIZRZ TROEBIICEITS
BLAHEME A EE T NETH A 5. IROBKIERE, AN
KTH-7-MabDEICTH5T Emo, NEFINTIE/N
~HEKBE SN, BB~ 7c &k S ic = 7 < IkZESE
KWFEHS B A[EEMEDSE . DG, BIEROREIT
B, mFHTIE OIS S 21T b L, L
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ML S, NS KR O FAEN R S N7 EIE &
o, KILKEL O HCEERTELV. BERKLE
AAR%=RETs2BovE>E LT, kilgE Tl
DEEEMTN B D, BAKEBO X T v v v VS WIE
KilrE w9 Rk, BERCEMUOEREBAADI E
KINFFEEORTHHETH 5. 5%1E, AW TRL
T EERR KL DMK BRI K DRI E R L, ~ ¥ — F
< v T ORI E DR SIER AT O BB D A 5.

7. £ & ®

AR TIRER KL H VT S TERLIED, #5175
4 THEMITOVT, 77 FBRFOHBKRH 2TV, B
PREY O SRS, L T oiE ticonwT
et Ui, R ToL i Edons.

(1) Fr7o g KHERY) Ma-e” 231 L, Ma-, e, d, b
CBOVWT, KDLy 7=y FXOETORE, 8
FEOERAET > 2. FfA OKIT>WT, HKEER
DAL R G S i Lk,

Q) FHUFIEREKTIE, FEE &b ICREY
DEG, S HICREYhTHIKE « FRBA O b 2H|
BIEALT 5. TS OEIE L, S, B DTS KE
JERK « ik & DRI RE NI, <7< RITOVWTI,
FioAta~ 7~ LM OIKtE~ 7 <Iic Kk BfER~ 7~
HE o EES L.

3) ERXKLOBE AL, <7 <MK (F72H
K) & DI L B < 7w KEKUEH B C -
TWie, TOZ &, BERKLOH MR, KiE
CEREEICh - EBZON5.

(4) WHE-ZEEEHEXIcL 3 &, BEXKLoEHR
1359 1 7 4 TAERB O T 0.8km® DRE/ky &, HADGE
Ko TEEWEZRT. Th S oK B2
CIBRMTH > c T EbEET 5 &, ERAKLIE, Kl
KFELVSHTHBHETERWEKLTH 3.

Bl 4

KFFEETH ICh b, HERECBLTEILBER
FIFHEROBNFERE, THNREEE R, 28t
SRR ST B K VK 5 2R SIS B O TR EREE
HEIREBE O B R CYIRE), MARTRE FREICS
MERITTS - 72, B E <P RIS E R B S IR
DOEAE L TWRIE, [ARERT IR O RS
RICIAREBMERIC - 72, S HICAREAYEZRED
s T RIC R 7 7 7 12BEd 2 @R A=A L TTHL
fo. FoVRFEOEEE LI, HuEthEssE D
HoRTHO 72, 2 #0ESEGE LRERETH 2 1LEK
EOPEHEEAERAZ I 1E, BRI RERS D S Ml 15365 &

TTELCERE VIS, WXOOIKREICUEES L.
VIED T % 8 X OIS V- LE 4
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