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Super Eruption and “Volcanic Winter”
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Abstract Super-eruption release voluminous sulfuric gas into the atmosphere, which produce a large

amount of sulfuric acid aerosol in the stratosphere. The sulfuric acid aerosol reflects incoming solar

radiation, giving rise to the rapid climatic cooling called the “volcanic winter” on the Earth’s surface.

The Toba super-eruption 74,000 years ago, the largest eruption in a million years on the Earth, erupted

as much as 2,800 km? of felsic magma. The average global temperature is estimated to have lowered
more than 10°C by the Toba super-eruption, which is inferred to have caused a severe bottleneck of the
human population. Modern civilized human society will also suffer fatal damage by “volcanic winter”,

if a super-eruption were to occur today.
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BAEBEHETH ), XD EE > TUSk NE P —
FELHREBR L 722 L D WHBABIE L BIRKEETH 575,
L2 L Z NS HEFIGEZ 2HEETHY, Lrd
ENHHEZHDIES L Lz6HE”»S LItk

9 LBEAREIEKILT 2 & E N bE
e ReEIZHEE I 52, ZomE{LEw
5, KEJGiZ & 265 BUG TR ISR E O gl -
TN DPEAREEND, R T 0 )V IE IR E
HCEY, KEtx g+ 5628 T, Bz
DR T ANV F—OffE 2 HE L, SEZ[IROMKT
b7 d, [HIRFESL=KILDOL] OFETH 2
(Rampino et al.,1988; Self, 2005; Self and Blake, 2008) o
ZITIE, ) L-BEHEE TS 5 B EmEBE O
ERBEEIR K E CTh 2BEREK, B I OEBERE
KIZEoTHIEEZ SN D [KILDL] L9 EA7%
SR O KRB B IRIEE IOV TRN T %o

2. YUXPICEENBRULZABS

< 7IPNE R ) OEOKIUT ARG EETN S,
b ok L VDI HoO T 5wt.% FEEE, HiERIEME L T&
B 75 TW5h COy 1 0.1wt.% FETH 5, W)
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LUAMZ, HCIR HF 2 &b bmesIhsbd, v 7 <
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T5LBMER TN TREL Lo THRBL~Y I~ H
SOMET B0 YT YDFET B EKINT AN S % 55
WOFIEEFT T DBRPITHEPRT T 5o APITH
FEPET T3 E8BL holzv /< dFENICE>TLER
The XIIPLEALENPETT 2L, KILFTZAD
FEIEEHICHMLSEZEL, A TKROrE~Y T <L
EDIZBVEICEERT, SNDEAKBERTH D, H
Kix, 7 XDORL LT RKED KT AR % HERA
o KRB MRS L 5%E %2 R,

KON IEY 7Y DOFEEOREIZL > TRR S,
REDE NV 7L BB LTH I CEKT S
&, REOKILT AR KILIK - BH % & T B K 7 B
A, WD AALZFHBORGE RO RS &5 2 & T
NEWL, BE2H~3TT mOKREEIZE T—5UlFH
FEL, KEOXKIUEYE % kBB I 5. UEE
ICF CTHLEL 2L, 22 CRFORRE BEEMIC
DN AV, REEOROTEAUIEL S A S KT
FCHEAS B o IKEHIANIHEADS o 72 2> 5 1%, FEM A
WEEFNTVKILKREADEO L ) ICHFRICET
Th, 29 LmARRIZ 7Y = —REAE Xidh,
B2 58 A I L o TEBHBM EICbo T, 1§
KERFEDFRETIE D 5 b O O BRI K AW 5o
BE R TXTZOT) =—REKTH 5,

3. kWA RETITZOVIV

7)) ==X KICE - T, KILWKRER L & BITK
wONXKINAT A S B IZAHE E N Do KILAT 2RO
T, HpS X S0, & L TRAFIHAR SN DS, B
BIcE CTERELZCNS DWMEILEWIZZDITEAL
ML L TS0y &7 %o SO X KFEIEIZ & A b
JB T, HFIIZ HeO & A5 A LT HS0, & 72 % HaSO,4
X, 0.1~1.0um OKE 2O 2w 7 0 VLV x I
B9 % (Thompson, 1991; Zhao et al., 1996), Z 9 L 7z
Bilg— 7 0> )ik, 1982 4D A F 2 I - El Chichon ‘K
DMK, EEE A2 RIT T 2 MR & - THEE
RIS, EOFEPHERIN TS, BEEYET
H D KIKRLBEANE, FEFKE WO IZFE W
FETN LBE 2 S B b 28, Wiz =7 a v
RO THEELZE) . ZomEZ7a )L
KT KT 2 0T, MER R ICEET S K
s A F — DA % < (Robock, 2000), —77, [fl
FRICRlE = 7 0V id 4+ Y VO L RET 5D T,
FRE L THRICHEET 2HMEEOHKL 7257,

KK TRAB AR S 72 SO &1L, ~ 7~
Hi A% 0.5 km3 @ X % 3 I El Chichon X111 1982 4K
T 7%10°kg, 5km3 ® 7 1 ) ¥ > Pinatubo Kl 1991 4
X T2x100kg TdH 5 (Bluth ef al., 1997) = 1112
f U KHBE ATl ~ 7 S 650 km3 O T A
1) 71 & R E PR Long Valley ‘X 1L 72 J5 4 Hi @ Bishop
Tuff B K T 2.2x102kg, ~ 7 <& 2800 km3 O 1
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YFARYT - A% b T & Toba K1 775 4000 41 O
i Toba MK T 2.8%1012kg 128 & 5 (Scaillet e al,
2004) o O RBBE NI L) KRB S 7z
SO (&, 7)) =¥ 7 ¥ FRMBOIKM I, Wik A A
¥ (S0g) REDERE V)BTRS NS K]
HOREER A 4 Y IREEOIRIE, #F O RBUEE K OE
R EE I & 72 5 (Legrand et al., 1987; Langway et al.,
1995; Zielinski, 1995; Zielinski et al., 1996a) o

4. KBREEAXETEREL

191 fFlcke X 727 4 ) ¥ - )L ~ B Pinatubo ‘X
oKL, ~ 7~ =ES5kmd 128 & 5201 T
2HEHICKELRBEAKTH -7, T TIZHBRAZ LIS,
Pinatubo M X Tl 2 X 1010 kg ® SO, A3 KA 12 i #h &
N7zo AL PERO K TRk P IZ T3 L 72 Pinatubo
KUK OWEIEL, 20 H AR FE Colkal i o #iBk % — &
L7-t%, AR B MR- 720 AR
FIRKTO06°CILT L, ZHIEMEKD 17 » HEIZR
$% S 7> (Hansen et al., 1992; Parker et al., 1996; Self et
al, 1996), 1815 FEIZHE /2 V FAY T - BV RI
Tambora NINDOMEXKIX, ~ 7 ~EHa 55kmd 128 L5
R R KHBEDOENANTH o720 TOEKIZE ST
REE NS ST SO T 4 X101 kg 12T 5 (Self
et al., 2004) o WK OEAEITIZ IR IEERIEA
1°C BT L, #HiliZ X > TEZF U EoSIRET
A5 57z (Stothers, 1984) o

Lol b RELRRIRET AL N7z ITALRKRER
HTHY, IAKT5~6°C HHFImMIT Lice NEFY ¥
BITEE TH K % FT (Catchpole and Faurer, 1983),
—a—A YTy R CREE T G %GE
Mo o7ze LKTIZ 1816 FFIE [HDORL o724 ] &
L ¥ 7z (Oppenheimer, 2003), P43 — 1 v/ ¥H LT
A AHERIT E T h o 72D S X B EEW O
AMEIZ & - THLEENSE L, A4 DOREFEIREOELIZ
LoT, FIZTANT ¥ FTIIERDO T 7 AHHAT L
TEhLOTEHLLDELX B LI, ZOEIZA » FT
FEELLZILVIIE oy 7 EEHLTCI—a v N
EL, SHIEEESs TIORKREICETB LA, £
7o, TYTRESEL TREMICIGHARICETHEEL,
[ZBaILT] L XENTEHOEBEL D6 LT,
[RILD%] &, WERFEGILORFAIZIE, Z49RD
AR T3y 7D T,

5. BEXEX LR

BESR Fi KHAE O K TH - 72 Tambora X1L 1815 4F
A TIE, 55kmP &) OREOY 7 L7z, Z
OEEE Lo~ 7w, BEMOMKE275km ®
2oL T 5, L, WEREICIE, ZhiDd
X2 BB ORE REKHDE L T 5, BEKEX
BT 2 HEBLEDOERIT T EHFELEL TR WD, b
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AE T, AT OEHED 100km3 2B 2 5 b DIk
Rkl & XiEn<Tsh (ITH - #HH, 2003)
O [HEBHEK] PHARFIEIZBT 2 EBE KK
FL 3 5, Tambora NI 1815 4EME KD [ AT OMEH
] I1Z150km3 TH Y, T [HHmmA] (/43
Bo [HPTFOMEER] &I KPR O KFE 0 S HEE
L7 ETH 5o KIEHEREW & T 5 KINK R
AICIZE L OEBRIE TN, TOERBIIICOY T ~YD
FEL D B EBROGIEZFTRELS R D, T LKk
RO TELERER, EE L~ 7o
ZOLDLIFELLZOT, [AhTotE] & Lidh
bo YTRMEIMBOHEEDHEL V& X1, BENEIT—
BiZZo [APTomEtE | TREI NS,

T A AERELRETIE, BERKEKORFTY, <
7= M AT 450 km3 PL B (1x10% kg DL ) (A&
U O TUE 1000 kmd DL E) 8 IZHE O K
Ehdboxn, [ A—/3—m K] (super-eruption) & X
Ko WAL 100 HAEMICA L TA—=3=mA] &L
T, Long Valley ‘K11 ® 72 J5 4 Hi @ Bishop Tuff (<
7 < & T 650km3) MK (Hildreth and Wilson, 2007),
Yellowstone ‘K111 65 F4EHi D Lava Creek Tuff (%27 <
# T 1000 km3) MK (Christiansen, 2001), Toba ‘XI1L®
7 73 4000 4E T O 1 Toba Tuff (= 27~ & T 2800 km3)
&K (Chesner et al., 1991), Taupo X 111 ® 2 J7 6000 4F
BT ® Oruanui Tuff (¥ 27 <& T 530 km3) "&X (Wilson,
2001) % ENH L (Fig.1)o 29 L7z A—/3—H{KIT,
EHERIIIE 10 THEIC L MAEEOHE TR V5L &
DORIES B S (Pyle, 2000) o

A=K ERZ LIZKILDH B, 7T A1) HER
[EVE 355 D Long Valley ‘X111 & Yellowstone X 11113 4% (2 T
ZENRHEATEY, A—S—IEHKOEERLHILVTTOH
THEE, 7B OFER L2V TR S 2
IZENTWbB, A 74 )= 7 INPEES Long Valley 77
VT F1£30kmXx16km DK E 2 &2 HT 5 KA VT
5T, PREICIZLE 4B0mIFEDEREE T TH
5 [HAER—A41 P SN T2, Long Valley 77 )V
T IIE 72 TR 620km® b DKEDFME Y 7~
ML, ZORMERBE LRI AL D Z & TR
X7z, Bishop Tuff DMEKIE, FAED VT T FEAEED
RO S O RKBIE LK P HMEE o720 BIEOE
XIIEE S km OKBEICETEL, THRICHEEINAT
WHIZRKEO KK % BET S+, 2000 km B 7z 4 7
FAN, AV ITRY, BUVA, FEFAOLMIZE
THELTWD, B %L HNVT T ORBEED 5 K
MOBMAEE D, 90 ke (K4 HES) (2h7zo Thi
Wz, EHIEHHLE A VT T ALBICEEI L, 351
B (1 HF) 2b7 o THEKAHRE S iz BT
HNT TR D BRIROENEH A S, Bk S ALERIC
7> CREFRT ) BB L 22 SMEHRETL, F1
o THNVTTOMENEL-bDEZEZOND,
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Younger Yellowstone
Toba Tuff Lava Creek Tuff
Yellowstone
Huckleberry Ridge Tuff

Fig. 1 The magmatic eruptive volume of super-eruptions of
the Toba and Yellowstone volcanoes. The eruptive
products of the super-eruption of Toba volcano is
the Younger Toba Tuff in 78 ka, and those of the
Yellowstone volcano is the Huckleberry Ridge Tuff
in 2.2Ma and Lava Creek Tuff in 0.64 Ma. The
eruptive volume is shown by spheres. The magmatic
eruptive volume of other volcanoes, such as the 1815
eruption of Tambora volcano, the 1991AD eruption of
Pinatubo volcano, the 1980AD eruption of St.Helens
volcano, and the 1991-1995AD eruption of Unzen-
Fugendake volcano are also indicated for comparison.
It is manifest that the 1991-1995AD eruption of
Unzen-Fugendake volcano, which was famous for its
volcanic hazard by pyroclastic flows, was very small
eruption compared with the super-eruptions.

KiZF 6 HHIZh7zoTilkfe L, —HBHZHh DO~ T~
O L 108 kmd, 55 D~ 7~ O
13 0.08km3 128 L & & HERE SN T2 (Hildreth and
Wilson, 2007) . 1 V7 Z I %, VT T yedfic
[F] F—adkEe L, BIEoMmEsEESNIZ. &
VT T HRESCER S N AR =) ¥ ZHEHNC X,
Z @ Bishop Tuff 1¥, #)V7 I W% 2km b DE LT
BT A (Fisher et al., 2003) o HIEIIHEAIZ L 1L,
Long Valley 7V 77 OMT 21X, #®E 7km A5 10 km
DOMIZ, 12 km X8 km & JE OFHIILAT D) 2 b DAEH
JEASGE R, X T\ b (Steck and Prothero, 1994) . = @
B BE 3 O AR FE 1349 290 km3 12 b B X 2o & ORHERE
BOPGRENHREO<Y <oz LTYH, 201k
FEIZAY 150 km3 1272 1), [BREK ] o#Eo~ 7~
wICHY T 5, HAED Long Valley 7 VT 7 1%, ZDFE
EOBERKEKETIRIEZMATVEDLEZD
Nho A—7X—MEX% 1T > 7 Bishop Tuff K EHTIZ 1,
INLDBEZDICHBEOKRE R~ 7<) AL
TWzbor s b,

62 HAERTIZ 1000 km3 12 B L S KB OMM A~ 7~
257 5 Lava Creek Tuff OMEHIZ X - TR S L7z 50
X 70 km DAL % F 3 % H H Yellowstone 7 )V 77 T
X, & 5km 25 12 km 12 30 km X 16 km O 1 (49 41k
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2N EFEL, S 7km 128 LSRR A A
55 THB Y (Miller and Smith, 1999; Hansen ef al., 2004
% E), TORRITHK 3400 km3 128 £ 5. WIZZ D
DR~ 7728 LT, ZOHRRIL 1700 km? 123
$5, bL, BUECOBOY Y20 THEET
&, ZE TA—=78—WR ] &7 B I12@E N v, Fri
Yellowstone 77 )V 77 O WNERIE 62 J5 45 DL L2 L
ToAE Al L o TEE SN TW DAY, flifizix
360 m (3 & Mallard Lake N — 24 & Sour Creek N—
LD2ODFHER—LDPEHINT VD, TIVTIH
TIEINSGD F—A %Pz 3R - tEE Vo
THGRABNELTBY, BEBELILEL TV,
F 72, IEEE R ESIGE) R MR AR 7 & o s iR
RIFED AHN, HPEITIEEZTWIEREY Y
WOPHEET D EDOERWILE 2> Tnb,

6. Toba KIUD [RX—/N—MEK] ERIEEE)

[A—/8—WEK] OFTYH, Rkt 100 /74 THRK
B DMK AT, Toba KILIC 7 J5 4000 FERi 124 L7z~<
7= WA 5 2800 km? (2 b 35 & 58T ] Toba Tuff O 1
K CTd % (Chesner, 1998) 1 ¥ FA T 7 - AX T
B ® Toba KILIiE, 2004 FEIZHEE/AMIDAY T E
MR O BFIRIIT VA~ T BILEICAE L Tw
% (Fig.2)o Toba A I (X 100 kmx35km @ K 7 7
VTFI:eRY, IVTIHNICEERRI VT ZHET
& % Toba il 25d %o BAED Toba 7 VT 7 1%, 320D
KHREANTIDREEL7ZLDTH S (Fig.3)o 2D
I BHEE D Porsea IV T X, 7 <&EIZHE LT
500 km3 LA 2 FE T L 7215 1] Toba Tuff FEK 12 & - T 84
TAERNCIERL v 7ze 50 JTAERTICIE, ¥ 7 v m ik
LT 60 km3 & M L 72 " 1] Toba Tuff LA IZ & - C
Haranggaol 771 )V 77 A%, £ LT 7 J5 4000 FHilZi%, ~
72w ZHE LT 2800 km3 & WE L 72 #r i Toba Tuff
BERIZE 5T, b ok bH L\ Sibadung 77 )V 7 7 257

Younger Toba Tuff

Fig. 2 Map showing the distribution of air-fall tuffs of the
Younger Toba Tuff, 1815AD eruption of Tambora
and 1991AD eruption of Pinatubo (based on Self and
Blake (2008)).

Solid triangles denote the location of Toba, Tambora
and Pinatubo volcanoes.
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J§% S A7z Toba 71 IV T T & T L 728 E KRE K DK
MBI, & IR AT 34 HAE, il & F o B A
44 TTETH Y, Toba KINTIL30~40 HHEELE WS &b
D TEWRIEM 2 B TBEREAPEL TS D
LD b, T SITBEHEOEANTH S,

#r i Toba Tuff B K 1d 9~14 H T &7 & HEE &
n, ZoRTKIUKE L—7, ¥4, HrERY
T, 9F A, NEMFA EARZEORET YT EE
N, DI Y FEENL T T ¥ T ilEOEELRS
Z L CHERERIC £ THE L 72 (Self and Blake, 2008)
(Fig. 2) o Toba ‘K111 7 73 4000 4EFi D A — 78— K| X
D RSN S 72 SO, 12 2.8 X102 kg & HESE S
(Scaillet ez al., 2003), = L1 Pinatubo X111 1991 4EMEK
D#) 100 £%, Tambora K111 1815 F MK DF) 7 5 D1
MM 3 %, Timmreck and Graf (2005) 1%, dbfE 45° @
YT C A = /X—= KA U, 1.7 X102 kg D SOy VKA
Bt sz r — AD5HEAEB Y I —2a v %k
To7ze TOMKOHEIL, #HH Toba Tuff FEKDZ 1L
LD RN, TORRICINE, IR O
LIRS AK10°CIET L, LA2dZOREN10ERD
bt v, FAREOHETIL Jones er al. (2005) 12X -
THithh, WDk fiRE2H{BTVwLE, S HICHE
DR Z VT Toba Tuff DR T, Bk P50
FENPLEIET L, 2086l b 10F 282
72T 72\ 7 75 4000 4 HT O $ ] Toba Tuff O A —
IN—=IEKIE, 7Y =25 FKMOR=) »7a7o
EIRFEBROMIEI, A 4 VIREO BV S L

THERTE B, WA+ >~ OEEEHMIL 6 £ I

Fig.3 The Toba caldera complex (100 km X35 km)
comprising three calderas: Porsea, Haranggaol and
Sibadung calderas. The Toba caldera erupted as much
as 2,800 km?3 of magma at 74 ka. The super-eruption
of Younger Toba Tuff is the largest eruption on the
Earth since 1 Ma. Image courtesy of Chiba, T. (Asia
Air Survey Co.Ltd.).
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BLU, TN Toba KN KDEREWIER L E 2 S
%o #ri Toba Tuff KRHIZIE, HBK B PIRMA
10°C LB SIZEF L, LA Z) L2zKED 10
UL E S B2 R R Ve SR ERFES AL, TK
D% ] DFPRTH 5, BFEOVIIIA 10°C 42 1) K
T 5L, I O R RS SR D 50% Ll L 25
WL, RERIROBHEEAKITZDIZEAER LD
L vy (Stothers, 1984; Rampino, 1992, 1994; Zielinski et
al., 1996b; Oppenheimer, 2002, Self, 2005; Self and Blake,
2008) . HEEFE OB, T Ek AL T LB
ELFELIABAT LI L2 BHRT 5, NEHEMLRTF O
Fern, ZORHE BRI N N3 s 1234 L
NEIHEROEHE, Thbb RVt y 7| %R
L7z T 200 E &N Tw5b (Rampino and Ambrose,
1999)c 2O [KR IVt 7| KX, HEEONEHO
AL, 35 3000~10000 N2 F TRHA LI EE
ZBHNTW5D, Toba KIND A —/S—WKIZ X 5287
WIERFESALD, 2 LAZNEHO [R bty 7] IKEE
DIFEE & 7> 72 & 3 4 Fiid [Toba Catastrophe Theory
EXiEh, EEEHEZRT TV,

7. BERINESDEMCEIGEEREX

TV LI, BB O HARGIEIZIE, AT
DOWEHEAT1000km3 # 2 5 £ 9 % [A—73—EK |
EALNL, LA L, 33 TICRRZE 912, bAE
TIE, A2 OWEKED 100 km3 % # 2 5 BE KA
FELTWE, BAYIETIX, 29 LBEKREKDS,
BT 12 FAEMIZ 10 HE SR E TW D DS, TN 6k
XTI ELHEEIZES N TS (Fig.4). 2D9H 5
WARD S DY 9 TAERNCBAEDRERIBOFTEE A VT 5
TRXEAKTHY), L2 o E X 600 km 128
LR, COWKTIE, FEREREHIREREZ R
Matk L IR O— K 2 KR OEBE % 21T,
HAFESAEPNE S 15em PLEOKIKIZ L - THED
N7ze WITKE WKL, 275 9000 LEFI 2 FHFAED FE R
BREOIEEAINVT T TREZEKTH ), A1ITORE
HEIZ450km3 12 B L 58, TOATIX, BIEBEL
B R E 13T A E W AT KRR & o
THEWOS SN, BRYEEEPH cm DL o KILIK
WCHELTLE>72 TN OBEKE XL, LUHO
FEEBIC KRB RETIC & RN S5 5.2, $7-
AAY B EWKIKTE->TLEH) LT, H
AMSICEAN LK EE L2561, FAEICEERNZA
TG [KILD%&] ZEARTRHERE %5,

HAGIEIZBIT 5 ETOBEKREKIZ, 7300 4FH
RN O BFHEIE S V7T TR E 724 T OE =
170 km® @ 7 77 78 ¥ WK CTILIN O S STA LAY L 72
ZED, ML T EROWMIEIC L o THLENIZENT WD
(R, 2002 72 &) 7 71 RV EKERT O 0 AYE T,
FEBILMN &2 gt (dodk) Ak x &
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North American
{Okhotsuk)
Plate
Kuecharo-Mashu
Caldera

Eurasian

{Amurian)

Pacific
Plate

Philippine Sea

/
°
Ata Caldera Plat

Fig. 4 Distribution of large-scale calderas and their erupted
pyroclastic flow deposits in the late Quaternary
Japanese islands. Open arrows indicate the moving
direction of Pacific Plate and Philippine Sea Plate.
Solid arrows show the convergent direction of North
American Plate and Eurasian Plate.

CIINHFBRSCR L8RP ER L TB Y, T u»

ST H AN 2 TUEI R SCR L8830 kA, HH AR
HB R CR LR FE L Tz, 7T RV IEK
D, ZoNMEBRCRERLIZEEZHEL, b
THHARD Gl R I8 b L 8L S 5/ T
LC&EBM (21d7) KLU ZERT L9 1
ho Tz, TIEHMOMWEERA (7752 M4/85—))
OWFFEIZ XL, BN TIZ 7 & Y K LU 600 4E
bORMIEICOZY, HEBHKORIEE L 2oz
ZELHLEMIENTWAS (F21l, 2002).

BT O HARFETIX, 1752000 4 12— RO T
ERMEADE L T b, AiROBE KA 53 TIZ
7300 SEDHKEH L TWBDT, #AZHBEKEKDIE
EERHICANTD TVEBHICA-72E w250 L
N, BEREAKOIEAIL, SEEETIER <, HE
e X UGB E R L C 5N b, BHARGIED
EERMEKIE, 11~12 J4ERNC 4 01, 9 JTAFRTLAIZ 2 [A],
3~4 TR 3 M &, FEE ORI LR T 2D D
D, 7300 fERTICHEE R A U7-BIE ORI, +
TICZ DRI OB AL L) Bl ARWHETIE
Bve b LIRICINAFEELEL TIUE, BEOHAYE
FHEEREAPCOREXTH B2 L 2WIKEBIZED:
NTWBZEII: 5,

8. & H ¥ I

HE R SEBIEHE AR K ETH S Z LITFHHET
Hho Lo L—ERINE, BIEEE TEL % KIS
ER, KEBICKEICHEE SN KEOHRBL 7 2
Vs, IR R WERFESL= [ KL% ] 267256
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T o BEKEXKOFIYMIEAS 67 JFFEE Tdh % Toba
KIC, 7 77 4000 4FHi 12 #E & 72 F1 8 Toba Tuff & [/ U
BELD [A— X=X 3 CICAEC AL E D
OTHE W, L2L, 72X BEREVWE D Yellowstone
KT, 130 J5 4FHi O #E B KK O R O BRI K
M64 TR TH Y, ZOKRIEIINIL66 THETH %,
BIEOBEREXK ST TIZ64 HEDFEBRLTEBD,
WORD A== ETH B L RWRIZ
ETWwh, HRIZBWTYH, [A— 8= X B
N EVb DD, HRAITEEED 100 km® 22 5 &
I RBE KRR NIERICE S 20 REEEZ BE L &
N, BHEREADHEK Lo 2 THERE L
LT, ZAddkL T [HEht] Tldnv, BEKRE
KIGBILHEKRKETH), —EZITOREIZ L LM
EPLIE LD THETH 5, L) NEOAF %
T - EBE IS & ARSI, BRER VL Z
MWIZHAEICE D T TITbR T v, ROBE KK
i 2 C, I 2 ST & e B IR Y 7 ORI K
KEWETOY 27 Ve, FOELRAICTL ETD
RETHAH9,
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