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Re-investigation of Eruption History of Usu Volcano, Hokkaido, Japan:
Finding of Pre-Meiwa Eruption (Late 17" Century) between
Kanbun (1663) and Meiwa (1769) Eruptions

Mitsuhiro Nakacawa*®, Akiko Matsumoto™®, Jun Tanka™*,

Wataru Hirose®* and Tadashi OxTsu**

We newly identified tephra layers sandwiched by soil layers between AD 1663 (Kanbun age) and 1769
(Meiwa age) tephras at several sites on the northwestern flank of Usu volcano. The layers consist of pumice fall,
ash fall and pyroclastic surge deposits. The presence of soil layers were confirmed by their carbon and nitrogen
Petrographical and geochemical features of the pumice from newly recognized tephra largely differ
However, on the basis of modal volume and

analysis.
from those of 1663 eruption, and are similar to those of 1769 one.
chemical compositions of phenocrystic minerals, it can be possible to distinguish the pumice from those of the 1769
eruption. Considering the thickness of soil layers, the eruption would occur at around end of 17" century. We
name the eruption as the pre-Meiwa eruption, because petrological features of the pumice is similar to those of
1769 (Meiwa). The eruption was generated by distinct magma from other historic eruptive magmas. The
sequence of the tephra suggests that the eruption started with phreatic eruptions followed by magmatic eruption
In the climactic stage, pyroclastic surge occurred with the formation of plume and its activity
ended with phreatic eruptions. The finding of the pre-Meiwa eruption could provide important information to
reveal not only relationship between eruption and dormancy but also evolution of magma systems.

to form plume.
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Index map of Usu volcano, showing the locations of the trench site and outcrops where unknown tephra

layer has been recognized. Basal map of 1: 10,000 topographical map of Geographical Survey Institute.
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5N 5.

JbiE ST HUE RIS 13 2001 AERKIC, EEEKILIO FE
SR KT BE S GRS B D JEE 2 1 & s 4 5 HIY
T, BBKLodti TN Ly FIEEETo 7. £ C
WCEEH L g2 A LT BT, Tk 13 1663 4
& 1769 R KHERE DR IC, THIA AT, ThE T
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WOMERE & HEREY O SO IIRET 21TV, FHircicA
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KD = 7 <EKDEY)TH 5 T EWIH ST - 7.

AHE T lE C OHEREY O A D IR B K OTEHI D S
FHIFII S WTHEHEL, FoEEICHO>VWTHENG,

2. HhEREH

b F A REERKILALPEILEE, AR E ot
Lo & PERATE 120 S00m DRI IC b 5 T % O BIN T
bt (Fig. 1). < OBEHICEEEKIL 1663 FERE I
Uz R oBEHNTER L (Fig. 2). fx MO
Yiaaiete Licy — VHERYI©h 5. F 1 HEREYITIC
GENIBRARIALTHEICZ LY, TS OEHKRD
BROOEEN» S, ok NMLoHEREYIE, B
1663 M KHEREID 5 B, 7 ) =7 VIE FRAED A7
D, N—ZH—Uh5755 Us-bl~6 L SN BEHE (%
B e fth, 1981) owFnhricxtthang., o Bl
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Fig. 2. Trench site at the Rissenji temple of Toyako spa, Abuta town.

NoxEA&D A, BZLTCREEMITIESE. Thoid

HIFRZ B PHIT N I & - THERER OFLWSE L v, A
JE D LA 3 HIER O MR L g 2 kA, BB
NICERD, KO KB WKIBEAE 2T 5 Vv b h
518 ZREANCEE T 5 AR A D 5. Thd D
L oHfE 3 ABNCEEE TV S (Fig. 2).

i D 1663 FHEREY) B L A-CIE D 3 > OHEREY D 2
HE, b Ly FHIEOR~EER O 6 EATIC B W T b
L7 (Fig. 1). FidOBEIHD S b oMk 1 ¢, HERER
DHGEASE) 2 N TR DB DI, SO
WIS TE % (Figs. 3 and 4). #I5 1 T, 775

BED SN ABEDO FAL O+ AFRHERY 2K < D3,
s X O MRS £ B A T 1977 fEIE K DR TG HE
RS, LIT s 1 ToBEERE20d.

AJgid, 59< T LSRR E RT &EFEA oN D
& (5mm>) ZRAT, L& FRIC2TE5. AB
D55 NEIFEENH 13em T, KFERHERD S L O
BT KIKED 575 %, KEHFRHEREYIh O R ES R 3%
HFEBMEY, EABIRBEDSK 12em, KIRHERE B
F OB N KIKE? 5150, BAOOREE K. Ch
5 O KFHHHERY 3B B £ G H RSiRBRILD 729
BRE L THRAED - IKOA 2T 5 T ENEFE-TH
3.

BEIZEBER 20cm, FhAide & BN KILIKE & B i
EE,%TﬁEwﬁg%ﬁt%Tkmré Par o)=AN
KK & 15 5 KPeo — D HEREY), B NiRffE, T L
BT AKLUKEDIEICEE L TWa, ok FEaETh
2, ko BOBEAEOEICKILKE U OBAfEn

BEn s, BOKCEEOMR KK AREERILD,
RIKBE~IKAEEET 2580 5. - BEORA
&, ABObO &L CRIBEA S,
CHEFEREIIN 17em, FOh Sk NkILKE, B
B, BENKLIKE, MRRE RO, BT LKE
KW — OHEREY), KILWKEEBRCRE FAalg, T LT
B N KILKE DI HERT L T\ 5 (Fig. 3). B& M)
OB ARRIE Sem, P 12em THO, A%
ELRAERHENRIT TS 2. Ky — DHEREYNS,
S ELTERBL TV, & MR OH EAro kil

IKIIKABORTETh D, REMDOAREHD & 58 A
Rl s Ao A REEN TV,
THOESBZAELEBEORMIEBK 1 2cm, BELC
[BORIbH 1-2cm THAETH 5. —75, 1663 FEHEHY)
ECIEORMIZ 05 1em FREE T, fho e Nz &R
BB T d %,

3. EBRAE

FEOBEH S E NIz v I viconT, 9
BOGHR, 2KE < BEZRENITITE > TR L.
YT SRR ET BT 7 TEDRK NEEEEES L
T, FF1em 3 0.5cm DT, £ R 1em BT
BRI, 2N ERENC2ecm OEATHEELL
fo. BREU U 73bEHZ 60°C © 2 IFRs I X H fe, Wi E
toikkb 549 10mg (10-11 mg) 7 L, ARG ZOHH
BIRSEIC AN A, BEICIE 1 HEDER R 2 TE
LETA, FBLE W &EEERELLEK 110C D
Ty b7 L — b TIRERIMAL, B eEs S, R1iE
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Fig. 3. Historic tephra layers outcropped west of Konpira crater (Loc. 1 of Fig. 1).

(1) The outcrop at Loc. 1, indicating tephra layers from Us-b surge deposits (AD 1663) to pumice fall deposit
(AD 1977). Dotted square shows the area of photograph 2.

(2) Tephra layers between Us-b surge deposit of 1663 eruption and 1977 pumice fall layer. We recognized three
or four layers on the basis of soil and weathered layers. Bar indicates 1m thick. Dotted square shows the
area of photograph 3.

(3) Photograph of the Unit C, which is considered as newly found tephra (Pre-Meiwa tephra) in this study.
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Fig. 4. Columnar section of the outcrop at Loc. 1.
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R R A W 2 130T, B A R RE LK L SR
D, TORITIYINEEEITV, B EER L THT
L7, Siridecdiiga Ry cirbh, 2atyflki
XRF (Philips-PW-1404), $:¥11t 745k (& EPMA (JEOL-
8800) TKW 7z, #' 5 X D4 HT 13 SEM-EDX & 2 7 A
(JEOL-330 & Link-880) & EPMA TfT - 72,

4. TEORE  ERSW

Fig. SIcHEEE WA CHELLEE, ZO LTI o%
WLy v 7 roRFea (xE=: DFEL) &%
ZEAERLI 1663775 & ClEOERICH B, LI
LEZONDBOE LD, CEF 7 7k MIIRERI
02% LI FThHzh, HHEEEZONIETRIKERR
0.5% VI Eics, RS 0.5-1 cm FEETIRRAMED
11% C#E T 5. 2 NX0ER» OREN 2 & IRFEREIGH
FICEDL, BRED Tem FE TR 02% &1 5. &K
mORZREEFEOLLZEZRL, BERP S Tem OFEE
FTCREXBRZO LT EL,

ORI, 16634EF 7 5 & CRBOMICIZRERD
ERITEE L LENERSNTOWE T EARLTVS,
$/ZDOC/NEBHWI0THY, TV ik 3
RZEDRBADOHEEMITES NS (BIZITAKIR, 1997,

® Between 1663 and C units (sampling thickness=0.5-1 cm)
B Between 1663 and C units (sampling thickness=2 cm)
© Between B and C units (sampling thickness=1 cm)
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Fig. 5. Carbon (organic carbon) and Nitrogen
contents of layers between Us-b (1663) and
Unit C, and between Unit C and B. Depth 0
means the top of soil layer identified in the field.
Systematic sampling based on its depth was
carried out.
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Ee L HeRE H
L7 ->T1663%77 5 & CRROEIFRICH 2T/t
e &R L 2 2B, ClEglck > T Lt
HTH 5 ENRERVERENTICE > RSN,
R LA TR BOEE RN Iem iR Tch D, ThE
THEOES EEZh, Ntk 3 & LK 7Tom
R £ THEIT L T W T EDBH ST is > 72 (Fig.
5).

WO D ITllE Lz ClEE BERERO LI, &%
U7 4cm £ TORERIT1.2% LI ET, 1-2cm The
KD 1.5% &5 5. TOfEIF 1663 4FEF 7 5 & C ks
RotHEEoznL O EEICEHV. T0ED, CEEB
B RIEDH A, 1663 77 5 & CIEER L &S
THE s LA ciik L 2B Th A 5.

VIEDHERN S, 16637 7 5B X UTA-CEDORICIZ
TENEEL, TN L 2B OO BT
b5ELI, WHTOBEHENE»D SN,

5. FAL#SRUEE{LEERK

A~C BOBAIIH&EE 520% ORREE &L, Th S
O IIHRARE 2mm, @ 1mm IR ThO, BE
G, ®BAELKROTF ¥ VRHESEAEE A, T o iEo
HpbE B L T mAPI A ERES (Table 1). TN 5D
MEE O 2T A 5 205486 5. BiEE R CE@rkx b/
1< 56% T, BEZTLTABOWRAE FAICHN->T
RPN 5.
3EOBAORVWTNE TA A h~RECETHD,
= =X ETHERKILD 1663 4 LI D FE s A
YIRS Z(L b L v K Fic7 ey b &Xh 3 (Fig. 6). B
L CoEf oS0 & (K 100% #5) FzhTh,
71.9-72.5% M O 71.5-72.5% TdH 555, AJEHOELIZ
69.5-71.5% T, BB LU CEOB{ XD Si0 122 LW,
HEKILD 1663 IS KD & D FEFERE KD = 7 <D
B e LT, To2a LMl E & bickEic
Si0, ® MgO ITZ L 15T EMfEfiEnTE 7 (Oba
1983; thJI] « fth, 2002). Fig. 71C A-C DD
SiO, U MgO &%, o R sk b AE ) & Fhiik L 7.
INITEBEARBORAIT 1822 H 5\ (3 1853 HFIE
WO EEIcEE NS, —F, BEE CBOBEAIZ
WD 1769 FEEHY & —Ed 5.

et al,

6. HEREMOEKELDIEE

61 Fi8 - TEOEEICL ZEAERDOXIE

BEEKINOEKBE (BE - fih, 1981) 2525 &,
PRGN & L CTA-CIE 3 1663 4L 1853 4FIE K £ TD
HEREIOR LS N B AEES S, F Ly F TR
7z A T8 AL OTBIRHEREY) 13 1910 FEE K OFEYITH % &
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Table 1. Whole-rock chemistry and modal volume of phenocrystic minerals of pumices of historic eruptions
and Unit C (pre-Meiwa tephra).

No. Tr-3-1 Tr32 Tr-33 Tr42 Tr-25 Tr-7-1  Tr72  Tr7-5  Tr7-7  Tr7-13  2-11-3  2-94

unit A A A A B c [ c c [ 1663 1663

type P [ p p p p p p p p P P
(Wt.%)

Si0, 72.83 71.96 70.89 68.97 73.39 7270 73.79 71.90 71.88 72.97 73.98 76.19
TiO, 0.35 0.35 0.37 0.37 0.32 0.31 0.29 0.29 0.32 0.29 0.21 017

AlLO; 14.95 14.74 14.87 14.80 14.66 14.51 14.67 14.45 14.44 1475 14.09 13.73
Fe,04 3.68 3.75 3.91 4.18 3.61 3.56 329 3.52 3.82 3.45 277 238

MnO 0.16 0.16 0.17 0.18 0.15 0.16 0.15 0.17 0.17 0.16 0.16 0.15

Mg0 0.80 0.82 0.82 0.91 072 0.73 0.63 0.72 0.83 0.68 0.44 0.27

CaO 3.24 3.21 3.48 3.60 3.02 3.00 2.88 3.01 299 3.05 2.40 206

Na,O 4.57 4.49 464 462 461 462 464 469 4.56 4.70 465 475

K0 0.99 097 098 0.93 1.03 1.09 1.02 1.04 1.07 1.00 1.07 1.09

P,0s 0.12 0.12 0.12 0.12 0.10 0.10 0.10 0.10 0.10 0.10 0.07 0.06

total 10167 10058 10023 9868 10161 10078 10145 9988 10018 10114 9984 10085
Modal vol.%

gm 87.2 81.8 94.0 935 95.4 97.1
pl 10.8 16.3 49 35 36 27
opx 08 1.3 0.7 20 05 02
cpx - - tr tr - -
hb - 0.1 0.1 0.1 0.3 -

opq 04 0.4 03 1.5 0.2 -
qtz 0.5 tr tr - - -

No. 36-3-a 3422 1353  1-1941 Os-1 Os-2 Shw-1  B1-35-3 B4-29-3 Y-3M-3 Y-1-22H4

year 1769 1769 1822 1822 1853 1853 1943 1977 1977 2000 2000

type p p p p Id Id Id p p P p

(Wt.%)

Si0, 70.32 71.60 71.03 69.97 70.50 69.57 69.80 69.68 68.35 69.71 68.30
TiO, 0.33 0.29 0.35 0.37 0.37 0.37 0.42 0.44 0.45 0.47 0.47
A0, 14.48 14.27 14.54 14.90 14.74 14.70 15.00 15.05 14.81 15.04 15.07
Fe,04 3.76 3.42 372 411 3.93 3.94 4.02 4.09 4.25 431 4.37

MnO 0.16 0.16 0.16 0.17 0.16 0.17 0.16 0.17 0.17 0.17 0.17

MgO 0.78 0.65 0.78 0.87 0.84 0.82 0.85 0.82 0.97 1.00 0.99

Ca0 3.31 295 3.33 3.56 3.42 3.51 3.64 3.73 3.89 3.88 3.99

Na,0 461 4.59 4.57 4.57 4.59 4.58 4.50 454 4.56 4.49 4.50

K0 0.94 1.00 0.98 0.93 0.92 0.91 0.90 0.92 0.88 0.90 0.90

P20s 0.1 0.09 0.12 0.12 0.10 0.13 0.1 0.15 0.16 0.16 0.16

total 98.80 99.02 99.56 99.57 98.56 98,70 99.43 99.67 98.47 100.12 98.91
Modal vol.%

gm 84.4 88.4 90.0 84.1 86.9 87.4 95.1 89.6 90.5
pl 128 10.3 77 134 11.4 11.0 42 9.2 86
opx 20 08 1.6 16 1.1 1.0 06 1.0 07
cpx tr - - - - - - 0.1 tr
hb 0.5 - - - - - - - -

opq 0.6 04 0.7 0.7 0.5 05 0.1 0.1 02
qtz tr tr tr - - - - - -

EIoNb, TOKO3IEIOEKTH 5 1943-45 4,
1977-78 5% L C 2000 4F D MK HERE Y 1%, 1977 FFig
BREDONDEHDOD, 13EAERHEYLED, &5
WK DO AT REIC L > THRD S > TO
5.

B s ORI TEZL DL &, APS CHE
i3, TN 1853 4F, 1822 fE% LT 1769 fFiTxfth T
LHREMEDS B B, TS 3 D DIEKIT D W T I EE 7T
EACE (il e fib, 1973; SR ¢ i, 198D 2, LR
TOHRALIC L ZMEHEOHEREESEICT S L, il

ST BEERINAE U 5. T b B REMNLFEIE T,
1769 FE DO HERE Y B A R RS (KB e 2 L, Wi
1822 % 1853 F I3 P PR A & w O o SRR b =2 0 Tv
5 ETREOTONG, F B LD 1769
TREIFTH BN, 18R FETRIEAEIRERTH ST &
MLV, COWNTOERESFZICT S L, A 1822
FEd L O I8S3EHEREM D W d 5 VWit 4, BIE
131769 FFEHEREM & EZ 1208, ZDHEITIE CEOE
DR TE 50,

62 EEYOBERFHXIL
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Fig. 6. Whole-rock chemical compostions of pumice from three layers found at outcrops of northwestern flank of

Usu volcano.

Bricli 7o k51, BERKILDRELRIE KD < 7=
i3, EKERDPESICONT, KBS 7 4 v 2122k
T 5. W ORRERIAT A Lick - T, BEEKIL
DEG, KHOBEHYIOEKFERZ, BEHY OS5
HELEHOWTIETE 5. Baoaa{bykiciEH s
&, ARBIZ 1822 H 5 W\ (T 1853 FEE Ko xfltb T &
5, RICABRAHB TR 208 LHEEELIONLE
ERATETRICT oM G EliNtcns, TO o
= FAS18224F, fiAs 1853 ARSI S B AT
REtEDsd 5.

BEBIUCEBISAFAWEL S FVTFNS 1769
YNt cE 2. SlB X OENOHERYI O
o id, B 1769 FEEH &t TX 5. ZhicHL
T CEFRAODELFNIEE D 513 1769 F L BET 5
bOD, BgL CBOSEAD LEOFEEEAL S L, j
DIEKHEFEY & A5 S T T S0,

7. CIB& 1769 FErEH M DHE:
HERMEHc L 0, CIEl3 1663 F & 1769 FED I
FT 57, TNFETHRBMEISN TV VEKOHERY &
Zoha, L Liahoaegbeptikcld, CRais 1769
K EXBITEIB, Tl ClEOAREEHY 8
) 12OV, 1769 FEMEHIY) & D I & v it 9
5. HBRET U7 1769 SR HIWNG, AERAK LR IICFE
H9 % 1769 =0 ({5 GBI L 7B %2 v T
W5, Zoftiz, 1663 & 1822 FEHIY) B TR
L 72ibkh & b IHid 2 (A, RAEF—4).

71 RHELFE

ClE & 1769 Folead, okl f, BTG & O
PRSLA TEAEIY & L, Zoftuc/bEoS@EmaE A
L EEORES S, ICAEPHEE L TED O
5. BEEBE — N3 1769 B AH 15% Rtk TdH 5 DITH
LT, CIEI6%TiETdHs (Table 1). 5 FTH, CJE
DA & AT, 1769 T8 DS WL A X D,
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HsEEILTW3 (Fig8). 2O &M, ClEs 1769
ERA OB A GO FELL TV a2, Sdllia A
FICRIERFE—DbDTH 5 & FHETEE L.

72 S RE

C g M O 1769 TFlE 1 D A FE AT 5 2 DALFAHIK (3,
$i0,=77-80%, Ti0,=0.1-0.25%, AlL,O;=11-13%, FeO
=12%, K, 0=1.5% CTHW L k%R (Fig. 9).
e % iR d % &, 1769 fE D A 5 2 DT H3fHEkREAS

76 . , . ‘
g SiO2 wis
74| €
&
2l &g
0] ]
ool £,
06 | ]
¢ e '
04 | o |
% MgO wt.%
0.2 L T R i
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Fig. 7. Temporal changes in whole-rock SiO, and
MgO contents of historic ejecta of Usu volcano
(modified from Nakagawa et al, 2002), and
compostional variations of whole-rock SiO, and
MgO contents of pumices from three units.

[E<, Si0,>79% D XD SiO ICFEALH T ZITEMT 2
F#hd 5.

7-3 S EEEHER

FHEAB L ORGSR (Table 2) 1, 1663 -3
U154 & — F VIS 2R DI LT, 1769 4
TR < EREHI SRS % 7R3 (Okumura et al., 1981;
Tomiya and Takahashi, 1995). FEFRIC 1663 FiF 4 T 134}
E 3 An (100%Ca/(Ca+Na+K))=40-50 & 85 Hij4,
RIOFHEA 13 Mg (100*Mg/ (Mg + Fe)) =42-47 & 70 Rij
BONA B= SNV TH B, —T, 1769 A4 T34
FEAlE An=40-85 #IAMEGIE Mg =42-70F TD 2
== NIV AR Y. F 5 v RERSEE 1663
FETE Y VR Z ERIVERSD 35mole%, Mg/Mn s 1
TH BN, 1769 F-TIEZNZE 1 30-40mole%, 1.5-2.5 D
A2 &2, 2 LTEITE TN HRENEA X 1663 0
FHNEO Mg lic g4, E@EMPIATIE 1663 DS &L
H Mg ICE O AN S 5 (Fig. 10).

CEDEAE, SPLRIY) OALEEIPH T, 1769 D
ZFNEELIT 2. Tb b CBOBATOREAYRS
WG TlE, 1769 4F ERREICTAVEKIRAB L, F 4 Vi
PRIED W VR 2 B R ILES Mg/Mn HT b 1769 4F &
BLTWwa, Lo Liah oplEf &R DES DR
DHTRERDMED LN, CBTIZAnN=400D CallZ
LWREG, LT Mg=43 %D Fe IC& A 72T
LOHEORHM, 1769 FEDO N &N TEV., £ 725k
HEAB @ AP A T b, 1769 FEITIZED SN H -
fok O Fe lcEALZBEN BT 5 (Fig. 10). LI Lo X
T 5 13, CIEOBEAIZ 1769 Fo T & 13
XHITx 5.

Fig. 8.

Microscope photograph (half nicol) of thin sections of pumice.

(1) Unit C, (2) Meiwa (AD 1769).
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Fig. 9. Chemical compostions of matrix glass compositions of historic pumices and those of Unit C.
8. & W TRTHDBEMERTED.
81 SERAFIEKDiR"E IR, EAKICRE A A FIIEEEA T 5~ s <

FRIATO IO, HRYIOEH, Thh SHs
NBEKHEFS, BAOOEEB XORF LFME» 5, A
JE 13 1822 4F & 1853 4F, BIJ&E (3 1769 M kiTsttb s
% EIBRTRR Tz, 1769 4T & 1663 R & D
THEAN L CTHEAET 2 CEIE, TOREELHRAODOEE Y
HOFHHEED SHBKILOERYI T 5 C & IZHH S
Thb. L LENDS 1663 Fh 5 1769 4FDRIIE A IZ
Pl nTuwinL, WEFMCBEEShTOED -
7o (HEE - fth, 1981).

ClED# A 13 1663 FF DB A & [FHHFIIC 578 5 23,
1769 MK D & & 13HAM 4 5. Gl S AR I
X3 &, CEOEAIR 1769 KD N & ILE LT,
aEEAVDI <, EEAPIA ORI S, S HICRE
G ERTEEA OB DA T HIXIITE 5. LT
CED~ 7 <3, BHKIL 1663 H0> 5 2000 FDOIE KT
Bisnic<wr<ovdhe b—8 LIV, My lik<

BT A T LN, FEMISIIIIC K o THHS ICIs o T &
fo CEERKLL: th1] « fil, 2002; =5 : Amma-Miyasaka
and Nakagawa, 2003; /L7 ~X 7 K|[lI: Nakagawa et al,
1999). Wi, @RIt SN~/ ~ L 3Btz s~
U= EWERT B T LD, K TORBEYORE CEHER
C EDE O KER RSN TE L (I - b, 2002
; BE - Eh, 2002; EifE - fth, 2004). Clg% b5 Lk
KT, InFTEl@snhtEionwdhovsr<esd
XHlc& 3, BloahaFRIHEER> < 7 < PihE L
7. TDT EIF, 1663 4F & 1769 FEDO/IZ, T TR
e cuiugERkLO < 7 <EKBH > 7o & OHVE
FRSER S FEfI T h 5.
CEOEKFERIINHTH 205, CEOLTFOLIHED
SEIRAEEETET 5 &, 1663 4E& 1769 SEORT, £
1663 W TH 2 LEZ o5, Il coLED
[BE (lem & 2cm) 2FZ 5 &, BEKERE 17 #H0R
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Table 2. Representative chemical compositions of phenocrystic minerals of pumice of Unit C (pre-Meiwa tephra).

mineral PL PL PL OPX OPX OPX OoX (08 ox CPX CPX HB HB
sample.No tr-79  tr-71  tr-79 tr-71 tr-71 tr-72 tr-77  tr-77  tr-79 tr-77  tr-77 tr-77  tr-77
grain.No pi81 pl46  pl129 opx18 opx23 opxb42 mt27 mti8  mt36 cpx10  cpx? hb17 hb18
(wt'%)
Si0, 58.20 60.24 46.47 4978 5058 53.35 010 0.07 009 51.25 51.61 4556 47.42
TiO, 017 018 0.5 1241 1124 1119 024 025 200 1.51
ALOs 2667 2536 34.09 131 105 081 237 261 239 167 1.09 946 6.91
Cr,0, 000 0.00 0.01 002 0.00 000 0.05 0.00 0.02 0.01
Fe,0, 4309 4477 4464
FeO* 019 017 059 3029 2781 1928 40.71 39.84 3949 2208 1462 16.23 17.57
MnO 206 159 088 1.06 102 099 123 117 051 057
MgO 001 001 005 1540 1654 2347 103 083 091 21.09 11.80 12.06 11.63
NiO 000 005 000 0.00 0.03 0.00 0.01 001
CaO 906 767 1841 087 128 156 000 0.00 000 1.05 19.10 10.13  10.30
Na,0O 634 715 118 001 002 002 003 025 204 1863
K0 006 010 001 013 0.12
total 100.53 100.69 100.79 9989 9911 99.52 100.79 100.41 99.69 98.69 99.91 98.15 97.68
Cations(0=8) Cations(0=6) Cations(0=4) Cations(0=6) Cations(0=23)
Si 2580 2666 2126 1951 1971 1977 0.004 0.003 0.003 1.947 1.972 6.726 7.056
Ti 0.000 0.000 0.000 0.005 0.005 0.004 0.345 0.314 0315 0.007 0.007 0.222 0.169
Ald+ 1274 0.944
Al3+ 1403 1.326 1.844 0.061 0.048 0.035 0.103 0.114 0.106 0.075 0.049 0.377 0.271
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.000
Fe3+ 1199 1.252 1.258
Fe2+ 0.007 0.006 0.022 0.993 0906 0.598 1.258 1.238 1.236 0.701 0.467 2.004 2187
Mn 0.000 0.000 0.000 0.068 0.052 0.028 0.033 0.032 0.031 0.040 0.038 0.064 0.072
Mg 0.001 0001 0.004 0899 0961 1.296 0.057 0.046 0.051 1.194 0672 2653 2.580
Ni 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.001 0.000 0.000 0.000
Ca 0432 0.364 0903 0.037 0.053 0.062 0.000 0.000 0.000 0.043 0.782 1.602 1.642
Na 0.547 0613 0.104 0.001 0.001 0.002 0.002 0.018 0.585 0.470
K 0.004 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.024 0.022
total 4984 4981 5.004 4014 4000 4.002 3.000 3.000 3.000 4009 4.006 15.531 15.413

An 440 370 836 Mgr 475 515 684 Mgmn 1.7 1.4 16 mg# 630 590 wMmg# 514 541

Plagioclase Orthopyroxene Magnetite Clinopyroxene
Year(AD) & Hornblende
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Fig. 10. Histograms of chemical compostions of phenocrystic minerals of historic pumices (Matsumoto and Naka-
gawa, in prep.) and those of Unit C. Abbreviations: An, 100*Ca/(Ca+Na+K); Mg#, 100*Mg/(Mg+ Fe)
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EERDBDIENTH A S, HEKERIL 1663 - (FKE
) ATE DIV EEZ SNBD, YOS ASFINEE
& 1769 (MHFIME K ICHEIG 5. Fhx i3~ 7 < OHEDS,
kK (16634F) Tk E &L, HEX
(1769 £F) 1cPhfc = 7 =n3 17T KTk Lic 2 L A2F
L, #Fioic S K E SRR K  (pre-Meiwa
eruption) & P33,

82 SeERAFIFEADMEAHER LERTRAO

SEUHFIE K HEREY) S AN EIE % & % 10 W IRERSURERE D
FEMEEZ SN KILKEYW R FEIch b, o kAnic
FREFEROE S — VHERY S EZ S0 A KIIKED A
fg L, ik FEICHOKESUBIHERYIN S 5. choh
5, SERAFIE K IIKESUREFRE D SEB L T, TR~
7B KICEAT LB AT S B, BaERNsEk
EEZOND, IO/ <EKORIC, KEERSH
HLerESDRIARIHTH 205, Disd &Ky — Y
BRELZEEZONS.

SERRFORE K DY) S ILHA D LR T O AfER S T
BO, HBIEKDEILPEEOAIREMED S 5. L L1SAY5,
BAORARZZ Secm TH Y, £ sz
FZ on B KL EEERERBEATHEL, Tn
50 &b ot Rl s BB HEREY I3 kO
EEBOHMES LT 5d, JelIEA I3 LTEE X &
FZTHFIEEFEO,

EeJLlE HeKE B

SCHAFIE K OB, E LD 1769 4E5 1822 4FME K HE
MYOBEAHET 2 & T, KEMICHEGZI &N
TE 5. 1769 £ 1822 FHEREY) O JEIF 13 SR K O
ZNEFREED, PREV. LrLEASINS0 18 1
fCLBEOBH O N HEMRILEOR S TH b (Rl -
fth, 1973), (LAILPEREZ A E D> S R&E CldFhTn
5. —75, SERARIE K IZBIE £ T & T AILARILPERELL
ATERBENY, TonmERMGILEOILE ST
b - AR E V. M ERITH D DS, S
MERELFNTOS 1769 £ 1822 FEEHW O BE &
FIFEETH 5 T & 13, JeHAFEAKLE 1769 FF5 1822 FF &
Nz &, /N THEEEZONE. L LK
235 1 ATELPEEE D S 1K L 72 2000 FEEK & 0 13, 1
KEFLIREVWTH A S, BHFRIEXDF 7 5 EHE
DA =5 =13, 1769 FEBL V1822 FETIE 10 'km?, %
L T 2000 #1107 km® Tdh 5 (BH - 85K, 1982; F
H - fth, 2002). SERAFIME K OEHE IZKF I HES -
T, 10k FREE LTCHORECEFELEVWTH A
9.
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BfEE cig, SEHMEXOFEEEZRE T 5 L 5 75HX
FRERIN TV, TNIZ 1663 FDIE KD HEH
KEL, FOHSORENEAFROIRENKE BN
feo & &, SERRIE K OB N S < g S DK

Table 3. Revised eruption history of Usu volcano since AD 1663.
year(AD) era dcz;r::rr;cy tephra lava dome
2000 Heisei 13 ash and pumice fall cryptodome
-22.
1977-78 Showa 52-53 pumice and ash fall Usu-Shinzan cryptodome
-32-
1943-45 Showa 18-20 ash fali(phreatic?) Showa-Shinzan lava dome
.30-
1910 Meiji 43 ash fall(phreatic?) Meiji-Shinzan cryptodome
-56- pumice and ash fall
1853 Kaei 6 30, pyroclastic flow O-usu lava dome
. pumice and ash fall .
1822 Bunsei 5 . pyroclastic flow Ogari-yama cryptodome
. pumice and ash fall 5
1769 Meiwa 6 0. pyroclastic flow Ko-usu lava dome(?)
) pumice and ash fall
- ?
pre-1769 ! 307.  Pyroclastic surge ?
1663 Kanbun 3 pumice and ash fall Ko-usu lava dome(?)

base surge
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HEMNRETH - 172DTH A5, F7- % OREIKO T
UER SALFEABES R TH - 7 EEZ SN, Yo E
BRI SEE T W & b, BRMEIRICES
Br-cHEHTHAS.

SERAFIME K DFERLIC & - THEEK LM A 13, Table 3
R Lck 2 IcdES NS, FERALIZEK & KO-
ORI SN, T AR KT o R p &
MoT&E /., PIAIE 1769 40 5 1977 FEOME K T IEIEK
Rk 13 30-50 £ Th 5. Z ALK LT 1663 0> 5 1769
13 106 FEORIEIADS H 0, BERKIL TIPS 7K
MlEEsnTEi, Lo LEsoeiafiEkoF R
& - T, BEKILTOME KRR E 1663 FELIFE, 100 411
TThsIENPHSGPITIE - I.

SERRfIRE K DFERLIE, AERKILD = 7 < 550 L
#EZLLETHOEETH L. HEEKLTIE 1663 FEOE
KUK, < 7 < OSBRI <7 « v 7 (Si0,
) e bT A Lt s TEz (Oba etal,
1983; HJI] « fth, 2002). DT &3, 1663 FLIREEEE
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Fig. 11. Revised diagram showing temporal varia-

tions of whole-rock SiO, and MgO contents of
juvenile ejecta during historic activity of Usu
volcano since AD 1663.

RIRIER T 4w I RITINRETHIENFEELE T D
£ 2T, BBINCET 3 2D~/ <iREAICE > T
MRFEICw T 4 v 7 BT EEZEZLONTV S
(Tomiya and Takahashi, 1995; B&, 1995). L2 L7528
5, SEHAFNO B LEHRIE 5 2 HE < 1769 K D =
NEFUTHY, TN TORAIIBZEAE ZIEHMT
TdH 5 (Fig. 11). T QWAL O RFEZAL DI,
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WHFEMED S V. SO < 7 < OIEZ Lo, Bk
KILDIEK 2 A = X 50K R Z BT 5 7o) ICEE
TH B0, ThFAREOHTERE V. FEEfIEK D
BRI EERIC O W T BT 5.
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TR S » 5F 2T, Firoic RS oY 17
RIS C - 72, ABRKILOERIER= 7 < EKICH
KT dbD RO, v SO EEEELT,
D KIZSEIAFN (pre-Meiwa) B K & @45 Z & 2425
5. ZOBAKDOFRICK > T, FERKLOEKSEIEK
EESN, INFCTORIEIAEEKE OFEPMBIEL T
3. oIS K OFERIE, hEMEA T LT
15~ < SR OBEZEEIC O W T b EELIERES A
2b0EEZOLND,

it *

AL EITIE D & - T, ACHEE I FSE R 35
MEL7o b Ly FHHETH - 7o, FEhiicd 7o > TIIICHET
L cuicinic, FHE S RAERRALE K2
SWTHHERIMESED SHBRE Wl T VB, F i
T¥EDO R - BRI CILALHRE RFSRE TRz I 1T
BRI ZHEE L TW X, RIRYOEEBZKIC
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